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1 RESUMEN

Introduccion: Los nuevos composites a base de resina estdn cambiando rdpidamente sus
caracteristicas y objetivos, avanzando hacia “materiales inteligentes”. La aparicion de los
nanomateriales abri6 nuevas fronteras en la odontologia restauradora. Actualmente, la
busqueda esta dirigida al desarrollo de productos que puedan simplificar los procedimientos y
extender la vida util de las restauraciones directas.

Objetivos: El objetivo de este estudio fue revisar y discutir los datos cientificos en el campo
emergente de los "materiales inteligentes" en la odontologia restauradora. El enfoque de este
trabajo fue la categorizacion de los compuestos inteligentes, la evaluacion de su posible impacto
en la practica diaria y el analisis de sus ventajas y desventajas.

Materiales y métodos: Se realiz6 una busqueda on-line en Pub-Med poniendo como filtro:
“afios 2016-2021. Se incluyeron estudios in vitro y estudios de casos clinicos.

Resultados: Para los composites universales, se consideraron relevantes 10 estudios, mientras
que se seleccionaron 14 estudios para composites remineralizantes-antibacterianos. La mayoria
de los estudios confirman un excelente resultado estético para todos los composites universales,
que también mantienen Optimas propiedades mecanicas y un mayor efecto mimético después
del blanqueamiento. En cuanto a los composites remineralizantes-antibacterianos, la
combinacion de NACP con DMAHDM muestra los resultados mas efectivos, preservando la
dureza marginal del esmalte y disminuyendo la contaminacidon bacteriana, teniendo la
posibilidad de recarga de iones en estudios a largo plazo. Los materiales Ag-BCOMP y Zn-
PBG muestran propiedades remineralizantes-antibacterianas, pero empeoran las propiedades
mecanicas y estéticas.

Conclusiones: Los composites universales se pueden clasificar en One-Shade y Group-Shade.

Exhiben buenos resultados en la practica diaria, simplifican los procedimientos y tienen buenas



propiedades estéticas y mecénicas. Sin embargo, la calidad de los resultados depende de la
profundidad de la restauracion, el tipo de cavidad y el sustrato dental. Los composites
remineralizantes-antibacterianos se pueden dividir en particulas remineralizadas y particulas
metalicas. Las particulas remineralizadas pueden ayudar a preservar la longevidad de la
restauracion, la aparicion de caries recurrentes, y tienen buenas propiedades mecénicas y
estéticas. Las particulas metdlicas necesitan un mayor desarrollo, con buenos efectos

remineralizantes-antibacterianos, pero malas propiedades mecanicas y estéticas.

2 ABSTRACT

Statement of the problem  New resin-based composites are rapidly changing their
characteristics and purposes, moving towards “smart materials”. The uprising of nanomaterials
opened new frontiers in restorative dentistry. The search is presently aimed at the development
of products which can simplify procedures and extend the lifespan of direct restorations.
Purpose of the study The aim of this study was to review and discuss scientific data in the
emerging field of “smart materials” in restorative dentistry. The focus of this work was the
categorization of smart composites, assessment of their possible impact on day-by-day practice
and analysis of their advantages and disadvantages.

Materials and methods An on-line PubMed search was performed by filtering for years 2016-
2021; in vitro studies and clinical case studies were included.

Results For universal composites, 10 studies were considered relevant, while 14 studies were
selected for remineralizing-antibacterial composites. The majority of the studies confirms an
excellent esthetic result for all universal composites, which also maintain optimal mechanical
properties and increased mimetic effect after bleaching. Regarding remineralizing-antibacterial
composites, the combination of NACP with DMAHDM shows the most effective results,

preserving marginal enamel hardness and diminishing bacterial contamination and the



possibility to be lon-recharged in long-term studies. Ag-BCOMP and Zn-PBG materials show
antibacterial-remineralizing properties but worsening of mechanical and esthetic properties.

Conclusions Universal shade composites can be classified as One-Shade and Group-Shade.
They show good results in day-by-day-practice, simplifying procedures and having good
esthetic and mechanical properties. However, the quality of the results relys on depth of the
restoration, type of cavity and dental substrate. Remineralizing-antibacterial composites can be
divided in remineralized particles and metallic particles. Remineralized particles can help in
preserving restoration longevity, recurrent caries appearance and have good mechanical and
esthetic properties. Metallic particles need further development, having good remineralizing-

antibacterial effects, but poor mechanical and esthetic properties.



3 INTRODUCCION

La regeneracion de los tejidos duros se ha vuelto cada vez mas importante a medida que pasa
el tiempo, junto con el aumento de la expectativa de vida y la subsiguiente necesidad de
materiales por la regeneracion de tejidos duros mas y mas eficaces. Los materiales inteligentes
se pueden definir como materiales disefiados, que tienen una o mas propiedades que pueden
cambiar significativamente de manera controlada por estimulos externos, como estrés,
temperatura, humedad, pH y campos eléctricos o magnéticos. Los materiales inteligentes han
existido durante muchos afios y han encontrado un gran nimero de aplicaciones. El uso de los
términos "smart" e "intelligent" para describir materiales y sistemas vino de los Estados Unidos
y comenzo6 en la década de 1980, a pesar del hecho de que algunos de estos llamados materiales
inteligentes habian existido durante décadas. Las primeras aplicaciones de materiales
inteligentes comenzaron con tecnologias magnetostrictivas. Esto implicé el uso de niquel como
fuente de sonar durante la Primera Guerra Mundial, para encontrar U-boats alemanes por las
fuerzas aliadas (V.

Hace tiempo, los materiales restauradores en odontologia eran desarrollados para ser materiales
inertes y para que pudiesen sobrevivir lo mas posible en el medio oral.

Hoy en dia, la filosofia de desarrollo de estos materiales estd cambiando. Los biomateriales mas
avanzados son receptivos a los estimulos, que sean fisicos o quimicos, y dan respuestas siempre
mas efectivas a medida que la tecnologia va desarrollandose.

En odontologia, segin el comportamiento que tengan con el medio ambiente y las estructuras
con que se encuentran a contacto, los biomateriales se pueden clasificar como bioinertes
(pasivos), bioactivos, y biosensibles o materiales inteligentes. Algunos investigadores,
demarcan una linea de separacion entre materiales “intelligent” y materiales “smart” , donde

los primeros son materiales que tienen de por si una efectiva inteligencia, en el sentido de que



pueda tomar decisiones o repararse sola. Otros dicen que un material que simplemente responde
a estimulos no es verdaderamente “smar?”. En nuestro estudio, intentaremos tratar de algunos
materiales que tengan caracteristicas dindmicas o unicas, disefiados especialmente para dar un
tipo especifico de respuesta a estimulos, bacterias, fuerzas etc...

Los biomateriales incluidos en este estudio involucrardn resinas dentales inteligentes que
responden al entorno en el cual se han incorporado, creando un efecto mimético y permitiendo
responder al pH para proteger las estructuras dentales; polimeros inteligentes para modular
especies de biofilm lejos de una composicion patdégena y cambiar hacia una composicion
saludable y materiales inductores de la remineralizacion de estructuras dentarias. Estos nuevos
materiales proporcionan unas oportunidades completamente nuevas y Optimas para mejorar la

ingenieria de tejidos duros y la regeneracion.

3.1 EVOLUCION DE LOS COMPOSITES

3.1.1 MATERIALES PLASTICOS

Antes del desarrollo de los polimeros, muchos materiales llamados “plésticos” provenian de
resinas naturales o exudados y tejidos de plantas, insectos y animales.

Se vio que una vez calentados, cambiaban de estado, volviéndose mas blandos y moldeables,
permitiendo de darle formas antes de que se enfriasen 7.

Uno de los primeros materiales plasticos, fue la goma laca, una resina producida por las
hembras de un pequefio insecto que infecta las plantas de higos, inicialmente usado como
material para recubrir madera y metales, mas tarde se le incorporaron materiales de relleno,
inicialmente madera, para objetos decorativos, y luego minerales, de manera que pudiese ser
utilizado para objetos sometidos a fuerzas. Los primeros discos fonograficos y los discos de

gram6fono de 78 RPM (Revoluciones Por Minuto), estaban hechos por goma laca.



En el periodo entre 1910 y 1950, se desarrollo la termoplastica. Los polimeros termoplasticos
tienen un cambio fisico con el calor pasando por cadena larga, movimiento segmentario y
distorsion ?. Cuando se calientan entonces pueden ser presados en una forma diferente de la
originaria y al enfriarse, retienen la misma forma. Fue durante el siglo 20 que se empiezo a
tener un conocimiento mas profundo de la polimerizacidon, con el primer concepto de
macromoléculas. Fue el premio nobel Dr. Herman Staudlinger el primero en escribir el termino
“macromoléculas ” en su trabajo sobre la hidrogenacion de la goma, datado 1922 .

A empiezos de 1900 la definicion de plastico se referia simplemente a un material que si
sometido a calor, se volvia en fluido y, una vez enfriado, volvia a estar duro, pero manteniendo
la forma que se le habia dado. Desde el 1900 hacia delante, la definicion fue expandida para
aceptar materiales que polimerizan por reaccidon quimica, a través de una reaccion quimica, o
de la evaporacion de un solvente /. El empiezo de siglo 20 coincide con la explosion de los
plasticos polimerizables, en las primeras 3 decadas del siglo 20 se desarrollaron una serie de
nuevos productos como el polistireno, la bakelite, el nylon, el teflon, el poliamido y la resina
epoxidica, muchos de los cuales, justo después de haber salido al comercio fueron propuestos
por su uso en odontologia.

La motivacion de esta explosion es la creciente busqueda de materiales que pudiesen sustituir
la goma natural, sobre todo después de la primera guerra mundial.

La primera verdadera alternativa fue descubierta en 1931 cuando Wallace Carothers y otros en
el instituto Dupont inventaron el neoprene, también ahi se inventd el primer polimero

completamente sintético, el Nylon /.



3.1.2 ELACRILICO
El acido acrilico estaba muy bien conocido desde finales de 1900, pero sin duda fue después
del 1901, cuando por su thesis de doctorado el Dr. Rohm fabric6 polimeros de acido acrilico
transparentes, que se desarrolld este material. Era posible producir polimeros solidos y
transparentes, pero faltaban las materias primas para poderlos producir de manera efectiva.
En 1927 R6hm produce Acryloid y Plexigum, y en 1931, empieza la produccion de Plexiglass
@
Hasta 1940, se desarrolla una produccion siempre mas amplia de productos acrilicos, casi todos
fueron usados clinicamente en odontologia. Los primeros productos tenian una serie de
problemas ligados a las técnicas de produccion y los precios de las maquinas, resultando en un
producto de coste elevado, y de supervivencia breve en el utilizo clinico, pero en 1936, se
encontrd la Vernonite, un polimethil metacrilato procesado con calor, al principio usado solo
por las bases de protesis removibles, y sucesivamente usado en incrustaciones, coronas y
protesis fijas parciales. “Se estima que en el 1946, PMMA representaba aproximadamente el
95% del mercado de las bases de protesis™ @,
Fue después de la secunda guerra mundial que se empezd a usar la polimerizacion “fria”,
“quimica” o de “auto-curado” en odontologia.
Este cambio permitié por primera vez poner un material de restauracion estético de manera
directa. La reaccion consistia en una oxido-reduccion (REDOX) donde, después de que un
electron se habia transferido dentro de agentes de iniciacion, se formaba un radical libre a
temperatura ambiente. Al formarse este radical libre, empezaba un proceso de polimerizacion.
Otra vez los materiales tenian unos problemas como la estabilidad del color y de dimension,

después de la polimerizacidn, las resinas tenian un proceso de contraccion y de alteracion del



color, este proceso terminaba con una alta incidencia de manchas en los composites y

infiltracion marginal de las restauraciones /.

3.1.3 TEGDMAy Bis-GMA
Los primeros intentos en mejorar las restauraciones en PMMA no resolvieron los problemas
clinicos, las mejoras mas significativas se vieron en los afos 50-60 del siglo 20.
El primero en pensar incorporar relleno inorganico en metacrilato y resinas acrilicas con alto
peso molecular, fue el doctor Rafael Bowen (National Institute of Standards and Technology),
que en el 1962, patentd el bis-GMA (Bisfenol-A glucidil metacrilato): nacieron los composites.
El nacimiento de bis-GMA estimul6 grandemente la produccion comercial de los composites.
Los primeros usos de composites en forma de pasta — liquido fueron desarrollados por parte de
Robert Chang (1969) y Henry Lee (1970) 7.
Es importante demarcar que estos materiales no estaban solo compuestos por el monémero bis-
GMA. Este mon6émero presenta una alta viscosidad por la presencia de dos grupos hidroxilos
que resultan en un enlace intermolecular de hidrogeno muy fuerte; para resolver este problema
de elevada viscosidad, los productores solian diluir el mondémero con un co-monomero mas
fluido: trietilenglicolo dimetacrilato (TEGDMA) .
Las resinas contenientes TEGDMA y BISGMA siguen teniendo un porcentaje de reduccion
entre el 1,5y el 3 % y en los ultimos afios se han propuesto siempre mas aleaciones de materiales
para limitar la reduccion o “shrinkage” de los composites para la restauracion dentaria como el
UDMA vy el Bis-EMA. Materiales como los siloranos fueron propuestos a inicio de los afios
2000, como nuevos materiales monomericos. Los composites que los contienen vienen
llamados composites “metacrilate-free” y salieron al mercado ofreciendo un nivel de reduccion
inferior al 1%, por eso fueron muy estudiados y la mayoria acabo por ser excluida del mercado

por ausencia de evidencia cientifica de una reduccion clinicamente apreciable.
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Por lo que atafie las particulas de relleno, generalmente se usan 6xidos y cristales inorganicos,
siendo primariamente clasificados segun el tamafio del relleno inorgénico, pero pudiendo ser
clasificadas también segun su tipo (composicion de vidrio), morfologia (tamafo, distribucion y

forma), densidad, radiopacidad, indice de refraccion y porosidad superficial /.

3.1.4 GRABADO Y ADHESIVO
El uso del composite fue tremendamente mejorado por el uso del grabado acido. Probablemente
ningun otro unico acontecimiento en odontologia ha cambiado tan radicalmente la filosofia y
la metddica de trabajo como la “odontologia adhesiva”.
En el 1955 Michael Buonocore escribia: “Una de las mayores deficiencias de los materiales
acrilicos y otros sistemas de obturacion es la falta de adhesion a la estructura dentaria. Un
material de relleno que pueda formar fuertes uniones a las estructuras dentales ofreceria muchas
ventajas en respecto a los actuales. Con este material, se podria utilizar una forma de resistencia
en la preparacion de la cavidad, y un sellado eficaz de fisuras, cavidades y lesiones cariosas
tempranas.” (/%
En el articulo aconsejaba utilizar acido ortofosforico 85% para acondicionar el esmalte de los
margenes de una preparacion para mejorar la retencidon mecanica de los polimeros; aunque la
metddica no fue utilizada hasta finales de los afios 60.
Desde aqui se publicaron varios estudios sobre efectos de grabado acido en dentina y en esmalte
con varios productos y concentraciones, haciendo progresar el desarrollo de los adhesivos de
resina a la estructura dentaria a través de varias etapas que se empez6 a llamar “generaciones”.
“Cada generacion de productos mejoro los valores de fuerza de los enlaces y se disefio para
funcionar con respecto a los Gltimos conocimientos de quimica, microestructura y entorno de

la interfaz de enlace. «“ (/”
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Con cada generacion se iban modificando las estrategias para la retencion de las resinas de
manera que se pudiese aprovechar de los mejoramientos en el conocimiento de los materiales
y la quimica, hasta llegar a los “wet bonding” para disfrutar de la “capa hibrida”, conocidos
también como “tree step”, que dan el maximo de adhesion conocida, y los “one step” o
adhesivos universales que no necesitan de grabado acido separado y disminuyen los errores
datos por un procediemiento incorrecto, con buenos valores de adhesion, aunque menores que
la técnica “tree step”. (/%

Esto, se refleja en una seleccion diferente del tipo de adhesivo segun el tipo de preparacion

cavitaria sobre la cual vamos a trabajar.

3.1.5 COMPOSITES HOY EN DIA Y NANOTECNOLOGIA
Los composites contemporaneos estan formados por tres fases principales:

1. Fase organica, que consiste en matriz de resina, es el componente que, sometido a luz,
cuando es sometido a luz, sufre polimerizacion.

2. Fase dispersada constituida por el material de “filling” o relleno, esta embebido en la
matriz. Esta fase es lo que da las propiedades mecanicas de resistencia y estética al
composite.

3. Fase interfacial, consiste en los agentes copulantes, que forman un enlace entre la matriz
y el relleno.

Los composites convencionales, (donde la fase dispersada estaba compuesta de un
microrelleno), gracias a su estética, se han utilizado mucho para hacer reconstrucciones en
dientes anteriores, aunque en las primeras generaciones aun se planteaba la duda que no

tuviesen las propiedades mecéanicas adecuadas.
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llustracion 1. Clasificacion de los composites segun el tamaiio de las particulas y la estructura.
Khurshid Z, Zafar M, Qasim S, Shahab S, Naseem M, AbuReqaiba A. Advances in nanotechnology for restorative dentistry.
Materials (Basel). 2015;8(2):717-31

A empiezo de afios 2000 se incorpor6 en la odontologia una nueva manera de desarrollar los
composites: la Nanotecnologia.

“Nanotechnology is artistic engineering on a scale of less than 100 nm to accomplish desired
design, functions and performance of end products. It engages the characterization and control
of materials at the atomic or molecular level” !

(La nanotecnologia es ingenieria artistica en una escala de menos de 100 nm para lograr el
disefio, las funciones y el rendimiento deseados de los productos finales. Se ocupa de la
caracterizacion y el control de materiales a nivel atomico o molecular.)’¥

Esto ha permitido crear particulas siempre mas pequenas y disefiadas de maneras que algunas
se uniesen entre ellas para crear “nanoclusters” que simulan una particula de microrelleno,
mientras otras se quedan en estado de nanoparticula separada creando composites hibridos de

nanorelleno. Esto ha mejorado mucho los composites en cuanto a pulido, precision del

! Khurshid Z, Zafar M, Qasim S, Shahab S, Naseem M, AbuRegaiba A. Advances in nanotechnology for
restorative dentistry. Materials (Basel). 2015;8(2):718-6
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emparejamiento de color, translucencia, modulo de elasticidad, resistencia al desgaste,
microdureza etc... /%

Estas mejoras han determinado que los composites fuesen los materiales de eleccion en ambos
sectores posteriores y anteriores.

Las nanoestructuras que se encuentran hoy en dia en los composites son

- Nanorods: similares a los prismas de hidroxiapatita, podrian ayudar a hacer materiales
mas semejantes a la estructura cristalina basica del esmalte dentario.

- Nanoesferas: unidades te tamafio nanometrico que se pueden producir de maneras
diferentes segun el objetivo de la particula. En los composites pueden tener el objetivo
de dar un alto efecto mimetico (particulas prepolimerizadas de vidrio de bario, oxidos
esféricos mixtos, composites prepolimerizados, rellenos esféricos de silicio y zirconia
etc...), o un efecto remineralizador y antibacteriano (nanoparticulas core-shell de
CHX-ACP, nanoesferas de ACP, nanoesferas de Ag).

- Nanotubulos: unidades de forma tubular de vario tipo investigadas sobre todo por el
recubrimiento de implantes en titanio en relacion con la formacion de hidroxiapatita.

- Nanofibras: estudiadas por su posibilidad de liberar medicamentos, estructuras para el
disefio de tejidos. También se han realizado nanofibras para producir cerdmicas con
contenido de fluor y hidroxiapatita.

Tras la llegada de la nanotecnologia, los composites no solo serdn materiales inertes, sino que
tendran repercusiones activas sobre el comportamiento clinico de las reconstrucciones,

volviendo los composites en verdaderos materiales inteligentes.
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Imagen 1 Perdigao et al. Fotografias a 20°000X del relleno de los nanocomposites one shade mas utilizados: (A) Clearfil
Majesty ES-2 Premium (Kuraray Noritake Dental, Inc.); (B) Essential Universal (GC Europe), (C) Filtek Universal (3M Oral
Care); (D) Harmonize (Kerr Corp.); (E) Omnichroma (Tokuyama Dental America, Inc.); (F) TPH Spectra ST (Dentsply
Sirona). Perdigdo J, Araujo E, Ramos RQ, Gomes G, Pizzolotto L. Adhesive dentistry: Current concepts and clinical
considerations. J Esthet Restor Dent. 2020, (November):10
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4 3. OBJETIVOS DEL TRABAJO

4.1 3.1 OBJETIVO PRIMARIO
1) Clasificar los diferentes tipos de materiales de acuerdo con la revision bibliografica

realizada.

4.2 3.2 OBJETIVOS SECUNDARIOS
1) Determinar de qué manera los materiales “inteligentes” pueden mejorar tratamientos
dentales mas habituales.
2) Analizar de acuerdo con la revision realizada las principales ventajas e inconvenientes

de cada uno de los tipos de materiales revisados.

5 4. METODOLOGIA DEL TRABAJO.

5.1 CRITERIOS DE INCLUSION:
Articulos de los ultimos 5 afos con relevancia internacional.
Articulos que traten de biomateriales inteligentes que respondan a estimulos.

Articulos que traten de odontologia restauradora.

5.2 CRITERIOS DE EXCLUSION:

Articulos que hablen de biomateriales inteligentes en regeneracion Osea.
Articulos que traten regeneracion de tejidos periodontales.

Articulos con mas de 5 afios.

Articulos sin relevancia internacional.

16



5.3 RECOGIDA DE DATOS
Por lo que corresponde a la introduccioén, hemos pensado 1til hacer un resumen de la historia
de los composites, manteniendo cierta libertad para la biisqueda de articulos, no hemos puesto
limites de afo de publicacion y no hemos puesto criterios de inclusion y exclusion.
Por lo que se refiere a la discusion de los resultados y las conclusiones, la busqueda se empezo
planteando una andlisis de los resultados de articulos de los tltimos 10 afios con las keywords:
“Smart” “Biomaterials” y “dentistry” para encontrar unas revisiones genéricas de los materiales
inteligentes en odontologia, en que se encontraron en el motor de busqueda pub med 66
articulos, de estos se utilizaron 2 articulos de revision dentro de los cuales se eligieron los
materiales sobre que se hara el estudio. Después de haber analizado las posibilidades y aplicado
los criterios de inclusidn y exclusion, se decidid tomar en cuenta dos categorias de materiales.
Los materiales que hemos decidido estudiar son:

- Composites y adhesivos con funcién antimicrobiana.

- Composites “universales” o “one shade”.
La busqueda se dividié entonces en dos apartados, poniendo como palabras clave: “universal +
shade+ composites” y “remineralizing + antibacterial + composites” en el motor de busqueda
Pub Med, poniendo como filtros: “Publicados en los ultimos 5 afios” y “Texto entero”. La
busqueda dio respectivamente 26 resultados por “Universal + shade + composites” y 32
resultados por “remineralizing + antibacterial + composites ”. De estos se eligieron 10 estudios
sobre composites one shade, y 14 sobre los composites antibacterianos y/o remineralizadores.
Aunque haya pocos estudios clinicos y no existan controles de larga duracion; los autores
piensan que, siendo la intrinseca naturaleza del estudio, la busqueda de nuevos materiales y el
efecto que puedan tener en el futuro de la odontologia; hemos decidido quedarnos con estos

criterios de inclusion.

17



Universal + shade + 63 24 10
composites
Remineralizing + 51 30 14

antibacterial + composites

Tabla 1: Ilustracion de la metodologia de trabajo.

6 DISCUSION DE RESULTADOS.

Este estudio se pone como objetivo la revision de la bibliografia existente sobre los nuevos
materiales inteligentes en la odontologia restauradora, y una clasificacion de esos materiales,
intentando dar una vision general sobre los composites con efecto mimético (también llamados
“universales” o “one shade”) y los composites con actividad antimicrobiana y remineralizadora,
dando una vision total de los estudios existentes, evaluando las capacidades cromaticas,
mecanicas y antibacterianas de los composites, para poder tener una vision completa del estado
de la tecnologia, evaluar el impacto que pueden tener en los tratamientos mas habituales y
evaluando las ventajas y desventajas de cada material. La importancia de tener una vision
completa sobre estos materiales se encuentra en el hecho que la odontologia restauradora utiliza
como material de rutina el composite de resina, siendo un material relativamente barato,
clinicamente aceptable y con una buena duracion en el tiempo.

Desde la mitad de los afos ‘90 los materiales poliméricos basados en metacrilato han ido
sustituyendo las viejas amalgamas para las restauraciones de cavidades siempre mas complejas
y extensas, esto es, gracias al aumento progresivo de las propiedades mecanicas después de la

polimerizacion (dureza, capacidad de pulido, rango de tonos o matices); de las propiedades de
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utilizo antes de la polimerizaciéon (manipulacion, tamafio de incrementos en la técnica de
estratificacion), del aumento del rendimiento de los adhesivos a través de diferentes técnicas de
grabado y de adhesivo (tres pasos, grabado selectivo) y de adhesivos siempre mas féciles de
utilizar (adhesivos universales) gracias al desarrollo de las técnicas de aislamiento absoluto,
que permiten un utilizo mas seguro de los composites y adhesivos. Desde los primeros
composites auto-polimerizantes y sin adhesivos del profesor Bowen, pasando a través de la
practica adhesiva del profesor Buonocore, hasta los composites de nueva generacion, el enfoque

del desarrollo de los materiales ha cambiado de manera impresionante.

6.1 COMPOSITES UNIVERSALES.

Los composites universales son unos materiales “Smart” segiin nuestra definicion, porque
tienen unas nanoparticulas disefiadas de manera que respondan al color del entorno en el cual
se aplican para reflejarlo y tener un efecto mimético acentuado. En el estudio de Y. Lee et al.
se sugieren unos criterios practicos para la evaluacion de los materiales para restauraciones
directas, planteando el concepto basico segin que la translucidez del composite es el factor que
mas influye en el resultado estético y mimético del composite /9. Otros autores plantean
también el problema que dependiendo del composite que se utiliza, se tendran resultados de
opalescencia y translucencia diferentes, sea entre diferentes marcas o diferentes tipos de
composites. En el estudio de 2021, C. Lucena et al se planteaban el objetivo de evaluar los
pardmetros de opalescencia y translucencia de 3 composites one-shade (Omnichroma; Venus
Pearl; Venus Diamond) y un composite group shade ( Filtek Universal A2), se hicieron unos
discos de composite con espesores de 0,5, 1,0 y 2,0 mm. Se evaluo la reflectancia con un
espectroradiometro. La translucencia fue calculada con unos AE obtenidos con los pardmetros
CIEDE2000 aplicados a una ecuacion de coeficientes. Los resultados fueron que cada

espécimen tenia unas diferencias estadisticas significativas de translucencia y opalescencia.
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Estos resultados se observaron ambo entre especimenes de composites diferentes del mismo

espesor, y entre diferentes espesores del mismo composite /7.

AUTORES

de Abreu et al.

ANO DE .
PUBLICACION

2020

COMPOSITES MIMETICOS ESTUDIADOS

Tokuyama Omnichroma

TIPO DE ESTUDIO

In vitro

R.Lyer et al. 2020 Tokuyama Omnichroma In vitro
Chen et al. 2020 Tokuyama Omnichroma In vitro
Durand et al. 2020 Filtek Universal In vitro
Harmonize
Tokuyama Omnichroma
M. Evans 2020 Tokuyama Omnichroma In Vitro
Perdigio et al. 2020 Tokuyama Omnichroma, Review Study - Clinical cases
Essentia Universal
Filtek Universal
SimpliShade Universal Composite

TPH Spectra ST
Fanfoni et al. 2020 Ceram.X®Universal Ceram In vitro
Habib et al. 2016 X-Tra Fil In vitro
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R. Lyer 2020 Tokuyama Omnichroma In Vitro
Tetric Evoceram
TPH Spectra ST

C. Lucena 2021 Tokuyama Omnichroma In Vitro
Venus Diamond
Venus Pearl
Filtek Universal A2

Tabla 2. Articulos utilizados en el apartado “composites universales”

Hay pocos composites universales en comercio, con propiedades y indicaciones diferentes,
aunque vayan aumentando con el paso del tiempo, gracias a las potenciales ventajas de utilizo

y de estética.

Los composites universales suelen tener menos tonalidades de color. Generalmente tienen un
unico tono (one shade), o tonos de grupo (group shades) para cubrir todos los colores de la guia
VITA®. Esto, en todos casos, simplifica ampliamente el trabajo clinico del odontdlogo a la hora
de elegir el composite, permitiendo cubrir un espectro mas amplio con cada tono de composite,
en caso de los composites miméticos “group shade”, o incluso adaptarse a todos los matices
existentes en caso de los nuevos composites one-shade.

En el estudio De Abreu et al., los composites miméticos Tokuyama Omnichroma fueron
comparados con unos composites multishade (Tetric Evoceram, Filtek Universal, and TPH
Spectra Universal). La metodica consistié en evaluar 60 obturaciones de tipo III en zonas
estéticas a través de fotografias bajo luz polarizada usando las “CIELab color coordinates”, un
sistema de evaluacion de los colores de la International Commission on Illumination que
consiste en tres coordinadas, I* por la luminosidad del objeto, a* por el croma en el eje verde-
rojo b* en el eje amarillo azul. Las coordinadas se sacaron por parte de 6 estudiantes de

doctorado, que demostraron una discriminacion de colores superior, usando el indice ISO/TR
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28642:2016. Los composites one-shade dieron valores mas bajos de emparejamiento que los
multishade %,

L. Durand, comparaba composites universales con un control de un composite multishade:
(Omnichroma, Harmonize, Filtek Universal y Filtek Z350XT como composite control), a través
de un sistema de evaluacion donde se fabricaron discos de composite obturados con los
composites estudiados. Se evalu6 el nivel de mimetismo a través de un espectroradiometro y
las diferencias de color a través de las coordinadas CIEDE2000 (sistema de calculo de la
diferencia de color de la International Commission on Illumination). Las coordinadas de color
y el potencial de ajuste de la translucidez dependian del material dental. Entre los composites
estudiados, se registraron los mayores potenciales de ajuste de color, ligereza, tonalidad y
translucidez para Omnichroma, con unos buenos resultados por todos los demas composites
universales en comparacién con el control 7).,

Abdelraouf et al. hicieron un estudio in vitro sobre composites X-Tra Fil (one shade) y Grandio

Imagen 2. Modelos de composite de resina semejahtés a dientes en tonos Al, A2, A3, A3.5y A4. (a)
Preparacion de cavidades pequerias. (b) Preparacion de cavidades mas grandes. (c) Después de
rellenar con composite de resina bulk fill de tono universal.
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(multishade) en cavidades de clase 1 en molares de resina. Los especimenes tenian matices
desde el Al hasta el A4. Se evaluaron las restauraciones usando las coordinadas CIELAB, y
los resultados se evaluaron a través del sistema ANOVA, seguido por la prueba de Bonferroni
(ecuacion para comparar diferentes hipotesis entre si) para detectar las diferencias significantes.
La evaluacion visual fue ejecutada por parte de 7 observadores de sexo femenino (4
odontologos y 3 cientificos) con una vision de colores normal, evaluada a través de la prueba
de Ishiara. Todos los observadores fueron entrenados sobre la manera de evaluar los colores y
puestos en un ambiente estandarizado, en una habitacion con colores neutros, a una distancia y
angulacion igual por todos los sujetos.

El composite universal bulk-fill demostré un emparejamiento al color in vivo aceptable; sin
embargo, puede no ser la seleccion ideal cuando la estética es la principal preocupacion del
paciente. Puede ser mejor evaluar la concordancia de colores y el efecto de mezcla in vivo en
lugar de in vitro, ya que es una mejor simulacion de la condicion clinica %),

En el review study de Perdigao et al. Se estudiaron varios casos clinicos en sectores estéticos y
blanqueamientos, ademas de analizar varios de los estudios que nosotros también hemos
considerado. Se concluyod que las resinas compuestas universales eran mas faciles de manejar
y utilizar que las resinas compuestas convencionales, y al mismo tiempo proporcionaban una

excelente estética (imagenes 3 y 6) 2,
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Imagen 3 Perdigao et al. Cierre de multiples diastemas en una paciente de 29 anos. (A) Linea de sonrisa preoperatoria; (B)
Labio en posicion de reposo; (C) Vista retraida de los dientes anteriores superiores; (D) Vista derecha retraida; (E) Vista
izquierda retraida; (F) Mockup con Omnichroma (Tokuyama Dental America, Inc.) aplicado en el incisivo central derecho y
Essentia Universal (GC Europe) aplicado en el incisivo central izquierdo. Decidimos restaurar los dientes con Omnichroma
(G) Remocion de maqueta; (H) Vista postoperatoria de las restauraciones de Omnichroma. Perdigdo J, Araujo E, Ramos RQ,
Gomes G, Pizzolotto L. Adhesive dentistry: Current concepts and clinical considerations. J Esthet Restor Dent.
2020;(November):12

El estudio de Chen et al. Se simularon unas cavidades de clase 1 en unos bloques de composite
multishade previamente polimerizados, usando los matices A1, A2, A3, A4. Estas cavidades
fueron restauradas con composites Clustered Nano Filled, Microhibrid Filled y Supra Nano
Filled. Los parametros de color fueron comparados con CIELAB y CIEDE2000, y los datos
fueron comparados con un analisis de varianza de una via (ANOVA), seguida por la prueba de

Duncan. Con estos datos, se hizo una comparacion entre el tamafio y la forma de las particulas
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de relleno en la influencia del color estructural del diente. Los resultados del estudio fueron que
los composites supra nano filled se revelaron significantemente mas miméticos en los colores
con valor mas alto, o sea en los colores mas claros 2.

En el estudio de R. Lyer et al. se hizo un estudio con el objetivo de evaluar el emparejamiento
de tonos de tres composites universales one shade. Se hicieron tres grupos: Omnichroma, Tetric
EvoCeram, y TPH Spectra ST. Los composites fueron puestos en preparaciones oclusales
(5mm de diametro por 2 mm de profundidad) de dientes acrilicos con tonos A2, B1, B2, Cl y
D3. Se polimerizaron con un unico incremento. Se midieron los parametros CIEDE2000
obtenidos con VITA Easyshade V y los valores de AE se calcularon con el sistema ANOVA de
dos vias, poniendo como resultado estadisticamente significativo P < .05. Tres dientes fueron
ademas restaurados con formas anatomicas y evaluados por parte de 30 sujetos con los criterios:
1-Mejor emparejamiento, 2-Intermedio, 3-Peor emparejamiento. En la evaluacion instrumental,
se vio que Omnichroma y TPH Spectra TS tenian valores de AE mas bajos en tonos mas claros,
mientras Tetric Evoceram tenia valores bajos en todos los colores. En la evaluacion visual,
Tetric Evoceram tenia un mejor emparejamiento de color en tonos oscuros (C2, D3), mientras
Omnichroma y TPH Spectra ST en colores mas claros >

Como se nota en el estudio de R. Lyer et al., diferentes composites tienen comportamientos
diferentes, no solo dependiendo del entorno, sino que, como demostrado en el estudio de C.
Lucena, dependiendo del tipo de material y del espesor de la restauracion, se obtienen
parametros diferentes.

Acerca de las calidades mecanicas de los composites miméticos se han encontrado pocas
informaciones. La mayoria de los estudios se centra en el resultado estético, y la composicion
de los composites universales varia tan poco de los composites tradicionales, que se puede

pensar con suficiente seguridad que tengan las mismas calidades mecanicas; no obstante, se
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han encontrado tres estudios donde se evaluan factores mecanicos y fisicos como el grado de
conversion, la proporcion y profundidad de polimerizacion, la microdureza, el estrés de
contraccion y el comportamiento clinico.

Fanfoni et al. se centraron en la evaluacion del porcentaje de conversion, polimerizacion,
microdureza y profundidad de polimerizacion de un composite group shade ( Ceram X
Universal), y otros multishade (Ceram X Duo Enamel, Ceram X Duo Dentin Tetric EvoCeram
Dentin, Tetric EvoCeram Enamel). Se prepararon unas muestras de 2 mm de espesor con
aleaciones de composites, para obtener el tono A3 (en caso de composites multishape),
polimerizandolas durante 40 segundos. Se utilizé un FTIR-ATR (Fourier Transform InfraRed
Attenuated Total Reflectance equipment) para medir la profundidad de curado.
Subsecuentemente estos especimenes fueron sometidos a un indentador de Vickers,
complementado con una maquina de ensayo de microdureza, para medir el VHN (Vickers
Hardness Number) de la superficie y de la parte mas profunda, calculando con la ecuacion:
(VHR= (Bottom — VHNmean / Top - VHNpean ) X 100. La VHR fue considerada como una
medida de la profundidad de curacion de los composites bajo las condiciones probadas, VHR
>80% fue considerada como la unidad arbitraria para un material adecuadamente curado.

El estrés de contraccion se ha medido a través de dos cilindros de metal, recubiertos con un
composite sin relleno en una parte, puestos a una distancia de 2 mm dentro de un extensoémetro,
llenando la distancia entre los dos con una cantidad fija de composite (15mg) y midiendo la
distancia después de haber polimerizado los composites durante 40 segundos, cada experimento
fue repetido 10 veces en una habitacion con una temperatura de entre 19 — 22 °C. Todas las
propiedades de los compuestos del estudio dependian del material. En particular, DC
(profundidad de polimerizacién), RC (tasa de polimerizaciéon), VHN y VHR, se vieron

afectados por la naturaleza del material (composicion y relleno), el tono y la translucidez. El
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CS (estrés de contraccion), fue independiente de las caracteristicas Opticas de los materiales.
Los composites Ceram.X® dieron el mejor rendimiento en términos de CS y RC. Sin embargo,
considerando que, para todos los composites probados la DC promedio se mantuvo por debajo
del 55% después de 40 s de fotopolimerizacion, los autores sugerian un aumento del tiempo de
curado o una reduccion del espesor de la capa en el entorno clinico. Todos los composites que
se habian probado, con 2mm de espesor demostraron un DC poco satisfactorio con VHR <80%,
justificando las recomendaciones de usar los materiales con espesores de menos de 2mm %,

Otro aspecto importante de los composites miméticos es la teoria seglin la cual, siendo unos
composites que mimetizan con el entorno una vez polimerizados, podrian ser utiles en paciente
que seran posteriormente sometidos a blanqueamientos dentales, siendo que, cambiando el
color del entorno, los composites universales podrian adaptarse al nuevo color. Sobre este tema
M. Evans hizo un estudio sobre el comportamiento clinico de Tokuyama Omnichroma. La
evaluacion se hizo en 25 dientes extraidos en que se fabricaron cavidades posteriormente
restauradas con el composite Omnichroma. Los dientes fueron medidos de manera visual en la
guia de color VITA y sucesivamente sometidos a colorimetro. Las evaluaciones se hicieron
antes del blanqueamiento, después de 5 tratamientos y después de 10 tratamientos de
blanqueamiento. Se realizé un analisis estadistico y se compararon los valores de AE obtenidos
con el colorimetro a través del sistema de calculo CIELAB. También se hizo un analisis visivo
para determinar si era posible percibir un cambio entre los 3 grupos a simple vista. En la
comparacion se vio que habia cambios significativos de AE, sobre todo comparando los grupos
de 0y 10 tratamientos. El AE diente/composite era mucho mas bajo después de 10 tratamientos
que después de 5 y 0. En conclusion, habia un descenso significante de AE desde el grupo 0 al
grupo de 10 tratamientos. Como ya demostrado en estudios precedentes, la diferencia de tono

entre el composite y el diente disminuye a medida que el color se hace mas claro. Ademas el

27



composite demostr6 de poder cambiar de tono a medida de que la estructura alrededor se ponia
mas clara, esto en ambos colorimetro y analisis visual ?°).

Unos resultados similares se habian obtenido también en casos clinicos del estudio de Perdigao

et al. Donde el composite aumentaba su efecto mimético a medida que el color del entorno se

ponia mas claro a través de los blanqueamientos (Imagen 6).

Imagen 4. Perdigao et al. (A) Vista preoperatoria de NCCL en el canino y premolares superiores izquierdos. Se utilizaron las
siguientes resinas compuestas universales: Omnichroma (Tokuyama Dental America, Inc.) para el canino maxilar izquierdo;
Filtek Universal (3M Oral Care) para el primer premolar superior izquierdo, y Essentia Universal(GC Europa) para el
segundo premolar superior izquierdo (B) Vista posoperatoria de una semana. La paciente pregunto si podia blanquearse los
dientes (C). Después de 3 semanas de blanqueamiento en casa con mascarillas a medida (D). Dos semanas después de terminar
el régimen de blanqueamiento. Todas las restauraciones se mezclaron muy bien con la estructura dental blanqueada. Perdigdo
J, Araujo E, Ramos RQ, Gomes G, Pizzolotto L. Adhesive dentistry: Current concepts and clinical considerations. J Esthet
Restor Dent. 2020;(November):13
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6.2 COMPOSITES CON CALIDADES REMINERALIZANTES Y
ANTIBACTERIANAS.

En los ultimos 5 afios se han ido desarrollando composites con efectos antibacterianos y

remineralizantes. Esto da una nueva perspectiva al desarrollo de los materiales de restauracion,

dando unas caracteristicas “Smart” a unos materiales que hasta hace 30 afios casi no se usaban

y que hoy en dia no solo se usan ampliamente, sino que son los materiales de eleccion por la

mayoria de los tratamientos de reconstruccion.

MATERIAL CON
ANO DE EFECTO .
AUTORES PUBLICACION ()REMINEALIZANTE/ TIPO DE ESTUDIO TIPO DE PARTICULAS:
(2) ANTIBACTERICO
ESTUDIADO
(1) NACP .
K. Zhang et al. 2016 (2) QAM In vitro
(1) NACP
W. Zhou et al. 2020 (2) DMAHDM In vitro
(1) NACP .
'W. Zhou et al. 2020 (2) DMAHDM In vitro
(1) NACP .
W. Zhou et al. 2020 (2) DMAHDM In vitro
Y. Al Dulaijan et (1) NACP .
al. 2018 (2) DMAHDM In vitro
G. Bhadila et al. 2020 5 (]ID)I\I/\II:%I;M In vitro
( )(1) I NANOPARTICULAS
i i REMINERALIZADAS
G. Bhadila et al. 2020 (2) DMAHDM In vitro
. (1) NACP .
G. Bhadila et al. 2020 (2) DMAHDM In vitro
(1) NACP
G. Bhadila et al. 2020 (2) DMAHDM In vitro
(1) NACP .
Y. Yang et al. 2021 (2) CHX In vitro
(1) nCaF2
H. Mitwalli et al. 2020 (2) DMAHDM In vitro
(2)MPC
M. Lee et al. 2020 (2)Zn-PBG In vitro
L. C. Natale et 2017 (1) CaP In vit NANOPARTICULAS
al. () Ag nvitro METALICAS
X.
Chatzm::lvrou et 2018 (2) Ag-BGCOMP In vitro

Tabla 3. Articulos utilizados en el apartado "composites con actividad remineralizante y antibacteriana”
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6.2.1 NACP- DMAHDM (NANOPARTICULAS REMINERALIZADAS)
Las sustancias con efecto antimicrobiano y remineralizador mas estudiadas y fabricadas son sin
duda las QAM (metacrilados de amonio cuaternario) acopladas con nanoparticulas de calcio
fosfato (NACP). Zhang et al. Focalizaron un estudio sobre la incorporacion de QAM con
diferente longitud de cadena alquilica (CL) en composites, con el objetivo de evaluar las
propiedades mecénicas y los efectos sobre el biofilm. Sintetizaron 5 QAM con longitud de
cadena desde 3 hasta 18, (DMAPM (CL3), DMAHM (CL6), DMADDM (CL12), DMAHDM
(CL16) y DMAODM (CL18)), incorporandolos dentro de un nanocomposite que contenia 20%
de NACP y 50% de relleno de vidrio. Notaron que el nanocomposite adicionado con NACP y
DMAHDM disminuia la actividad metabolica del biofilm y la produccion de acido de 10 veces
en comparacion con el composite control, y disminuia de 2 veces las unidades formadoras de
colonias (CFU) de los microorganismos, estreptococcos y S mutans. EI DMAHDM se
demonstrd entonces el metacrilado de amonio cuaternario que dio mejores resultados (Imagen
7) y que por esto, entre los QAM, es el que mas se ha usado en los estudios que hemos tomado

en consideracion en esta revision de la literatura 29,
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Comn?ert_':ial composite coritrol

Imagen 5. Imdgenes representativas vistas al CLSM (confocal laser scanning microscopy) extraido del estudio de Zhang et
al. El nombre del material se indica en cada imagen y la ampliacion de todas las imagenes es la misma que en a. Las bacterias
vivas se tifieron de verde y las bacterias muertas se tifieron de rojo. Las bacterias vivas y muertas que se co-localizaron
aparecieron de color amarillo o naranja. El composite comercial y el nanocomposite NACP sin QAM tenian principalmente
bacterias vivas. El aumento de CL mejoro la actividad antibacteriana, con CL16 produciendo principalmente tinciones rojas
y anaranjadas. CL, longitud de la cadena; NACP, nanoparticulas de fosfato cdlcico amorfo; QAM, metacrilatos de amonio
cuaternario. Zhang K, Cheng L, Weir MD, Bai YX, Xu HHK. Effects of quaternary ammonium chain length on the antibacterial
and remineralizing effects of a calcium phosphate nanocomposite. Int J Oral Sci [Internet]. 2016,8(1):48-49

31



W. Zhou et al. en 2020 publicaron 3 estudios sobre composites con adicion de
NACP+DMAHDM, en

el primero se evalud la eficacia de dimethil-amino-hexadecil metacrilato (DMAHDM) y de
fosfato de calcio amorfo (NACP) sobre caries recurrentes. NACP Y DMAHDM se
incorporaron en composite. Los sujetos se dividieron en 4 grupos: grupo control comercial
(Heliomolar), el grupo control experimental (0% DMAHDM + 0% NACP), el grupo
antibacteriano (3% DMAHDM + 0% NACP) y el grupo antibacteriano y remineralizador (3%
DMAHDM + 30% NACP).

Se estudiaron las propiedades mecanicas de los especimenes a través de una “universal testing
machine”. Posteriormente los especimenes; estériles y pulidos; fueron puestos en 24 pocillos y
fue inoculado en cada uno de ellos 1,5ml de medio de cultivo con 10’ CFU/ml de S. mutans,
fueron cultivados durante 24 h y entonces trasferidos en otros pocillos con nuevo agar corazon
cerebro (BHI) y incubados durante otras 24 h. Los discos fueron luego analizados por el
recuento de bacterias vivas y muertas con unos kits de viabilidad bacteriana BacLight
(fluorescencia) y evaluados con un microscopio de epifluorescencia invertido (Imagen 8),
evaluados por el recuento de CFU y suplementados con una solucion del 0,2% de sacarosa por
3h, comparando el grado de absorbancia de los especimenes con la curva estandar del acido
lactico.

También en el mismo estudio se evalu6 el grado de desmineralizacion del esmalte dental en
dientes bovinos expuestos a S.mutans durante 7 dias, fabricando unas losetas de esmalte con
cavidades restauradas con los 4 grupos del estudio y poniéndolas en cultivos similares a los de

las primeras pruebas. Se evaluaron luego con un indentador de Vickers y se hizo un analisis
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estadistico de los resultados a través de un andlisis de variancia de una via y de dos vias usando
un software de estadistica, poniendo P < 0,05 como dato significante.

Se obtuvieron las conclusiones que el DMAHDM disminuy¢ efectivamente la produccion de
acido lactico y polisacaridos del biofilm de S. mutans en el compuesto, reduciendo el biofilm
con UFC de 4 veces. Comparando los grupos de control el composite con DMAHDM tenia
dureza de esmalte 1,5 veces mayor y en comparacion con los grupos de control, el compuesto
con contenido de DMAHDM produjo una dureza de esmalte 1,5 veces mayor. Con una mayor
incorporacion de NACP para neutralizar los &cidos biofilicos y aumentar el pH, el compuesto
de 3% DMAHDM + 30% NACP proporciond efectos sinérgicos con capacidades
antibacterianas y de remineralizacion significantes ( P < 0,05) y produjo una dureza de esmalte

2 veces mayor que los dos grupos de control 7).

(A) Commercial control (B) 0% DMAHDM #* 0% NACP

(C) 3% DMAHDM + 0% NACP (D) 3% DMAHDM + 30% NACP

Imagen 6. Zhou et al. Imdagenes representativas de tincion en vivo / muerto de biopeliculas de S. mutans de 2 dias en materiales
compuestos. (A) Control comercial; (B) 0% DMAHDM + 0% NACP; (C) 3% DMAHDM + 0% NACP; (D) 3% DMAHDM +
30% NACP. Las bacterias vivas se tifieron de verde y las bacterias muertas se tifieron de rojo.
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Zhou W, Peng X, Zhou X, Weir MD, Melo MAS, Tay FR, et al. In vitro evaluation of composite containing DMAHDM and
calcium phosphate nanoparticles on recurrent caries inhibition at bovine enamel-restoration margins. Dent Mater [Internet].
2020,36(10).1349.

En su segundo estudio W. Zhou et al. usaron los mismos composites, con las mismas
concentraciones de DMAHDM y NACP y sometiéndolos a pruebas similares, pero con
concentraciones y tiempos de exposicion mas largos. Tuvieron, como esperado, resultados
similares al primer estudio, con una disminucion estadisticamente relevante de caries marginal
y una optima preservacion de la dureza del esmalte, ademds de un gran efecto antibacterico

(imagen 9).

(A) Commercial control (B) ODMAHDM+ONACP control

T

Imagen 7 Zhou et al. Imagenes representativas de bacterias
vivas/muertas después de ser cultivados durante 48h en
composites. (4) control  comercial. (B) control
O0DMAHDM~+0NACP (C) 3DMAHDM+0ONACP.
(D)3DMAHDM~+30NACP. Las bacterias vivas fueron
f g coloreadas en verde y las muertas en rojo. Zhou W, Peng X,
A Zhou X, Bonavente A, Weir MD, Melo MAS, et al. Novel
nanocomposite inhibiting caries at the enamel restoration
margins in an in vitro saliva-derived biofilm secondary
caries model. Int J Mol Sci. 2020;21(17):4

(C) 3DMAHDM+ONACP (D) 3DMAHDM+30NACP

El composite adicionado solo con DMAHDM habia protegido de forma efectiva la formacion,
la viabilidad y el potencial cariogénico del esmalte, resultando en una dureza de esmalte
marginal del 25% mayor que en el composite control. El composite adicionado con
NACP+DMAHDM result6 en una dureza de esmalte del 50% mas alta, esto se reflejo en una
dureza de esmalte expuesto a entorno acido, abajo del biofilm, que coincidia con la del esmalte

sano %),
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En el tercer estudio, fabricaron unos composites adicionados con NACP y DMAHDM con el
objetivo de evaluar la inhibicion de “Streptococcus mutans”, “Lactobacillus acidophilus” y
“Candida Albicans” en un modelo de caries de raiz recurrente “biofilm-based” para proteger
la dureza de la dentina radicular por primera vez. En este estudio también se usaron materiales
y metodos similares al estudio precedentes. Se hicieron 5 grupos: control comercial
(Heliomolar), control de composite experimental (0%NACP, 0% DMAHDM), composite
mineralizador (30% NACP), composite antibacteriano (3%DMAHDM), composite
antibacteriano-remineralizador (30%NACP+3%DMAHDM) que fueron probados con discos
en vitro y en losas de incisivos bovinos. Se analizd el biofilm, la produccion de acido lactico,
el recuento de CFU, las bacterias vivas/muertas, la liberacion de Ca y P. Se concluyé que los
composites que conteniasn NACP + DMAHDM habian inhibido con mucho éxito los biofilm
patdgenos y habian preservado la dureza de la dentina en los margenes de las restauraciones y
habian proporcionado iones Ca 'y P ),

Bhadila et al hicieron 4 estudios sobre composites adicionados con NACP y DMAHDM. El
primer estudio en orden temporal vertia sobre la liberacion a largo plazo de iones Cay Py el
potencial de remineralizacion de un NACP-DMAHDM bioactivo.

Se hicieron tres grupos: (1)Control Heliomolar; (2) Composite+20%NACP+50%vidrio; (3)
Composite+3%DMAHDM+20%NACP+50%vidrio, primero los 3 grupos fueron puestos en
pocillos con agar corazon cerebro suplementados con 1,5 ml de solucién con concentracion de
107 CFU/ml de S.mutans y 1% de sacarosa para medir la capacidad de inibicion bacteriana de
cada grupo. El grupo 2 y el 3 fueron luego sometidos a una solucion de NaCL tamponado a ph4
con acido lactico, se dejaron durante 70 dias, luego se recargaron y se volvieron a dejar en la
solucion por 14 dias, el proceso de recarga y de inmersion de 14 dias se repitié por 12 veces,

por un total de 6 meses de experimentacion.
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Los resultados fueron que los composites seguian con su efecto remineralizante durante largos
tiempos y que podian ser recargados varias veces, previniendo la desmineralizacion, la
produccion de acido lactico y el crecimiento de biofilm al mismo tiempo G%,

En los otros 3 estudios se usaron materiales similares por lo que concierne los porcentajes de
sustancias bioactivas, pero se cambiaron las resinas para que fuesen resinas con bajo porcentaje
de contraccion de polimerizacion.

Los objetivos eran de desarrollar unos composites antibacterianos y reminaralizadores con bajo
porcentaje de contraccion de polimerizacion, evaluar los efectos a largo tiempo de estos
composites sobre la desmineralizaciéon marginal del esmalte y evaluar sus propiedades
mecénicas y citotoxicas.

Se sometieron las muestras a pruebas similares a las del primer articulo, para determinar CFU
de biofilm, produccion de acido lactico, y medicion de liberacion de Ca 'y P; pero se adicionaron
con unas pruebas para medir el porcentaje de contraccion de polimerizacion.

Los resultados fueron que los composites tenian efectos antibacterianos y remineralizadores
notables; disminuyendo un minimo de 4 veces los recuentos de UFC y de produccion de 4cidos
lacticos; seguian teniendo efectos remineralizadores hasta después de 3 meses sumergidos en
una solucion acida, teniendo efectos remineralizadores sobre la dureza del esmalte marginal a
la restauracion, que era 2 veces mas alta que la del composite control.

Los composites redujeron sustancialmente el estrés de de polimerizacidon en comparacion con
los composites tradicionales, teniendo hasta un 36% de reduccion de estrés. Al mismo tiempo
no tuvieron ningun efecto negativo sobre las propiedades mecénicas y sobre el grado de
conversion del composite después de la polimerizacion G (32 G3),

Y. Al Dulaijan et al. hicieron un estudio sobre composites adicionados con NACP con

posibilidad de ser recargado y DMAHDM. Los objetivos eran de observar las capacidades
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antimicrobianas, mecanicas y de liberacion de iones. Se fabricaron 2 composites, uno con
NACP vy el otro con adicion de DMAHDM ademas que NACP. En este caso también se
sometieron los composites a test similares a los estudios anteriores y el composite control fue
el mismo que en los estudios de G. Bhadila et al. (Heliomolar).

Los resultados ensefiaron que el modulo de conversion y la flexion fueron las mismas del
composite control (p <0.1). El composite con NACP-DMAHDM inhibié la actividad
metabolica del biofilm y la produccién de acido lactico y redujo las unidades formadoras de
colonias del biofilm (CFU) de 3-4 veces. Los composites con NACP y NACP-DMAHDM
tenian una liberacion y una posibilidad de recarga de iones Ca y P similares (p <0.1). La adicion
de QAM no interferia con la recarga de iones %,

El estudio de H. Mitwalli tenia como objetivo desarrollar un nuevo nanocomposite que
contuviese DMAHDM, MPC (2-metacriloxyloxyetilfosforilcolina) y nanoparticulas de calcio
— fluor, para tener un composite que fuese antibacteriano (DMAHDM), repelente de proteinas
(MPC) y capaz de liberar fluor (NCaF). Se hicieron unos composites con adicion de
3%MPC+3% DMAHDM+15% NCaF»+55% vidrio, en una resina Bis-GMA y TEGDMA
(BT), y unos composites control: control comercial (Heliomolar); control experimental(BT +
70% vidrio); composite remineralizador (BT + 15% nCaF2 + 55% vidrio) composite
antibacteriano y remineralizador (BT + 15% nCaF» + 3% DMAHDM + 55% vidrio), composite
repelente de proteinas, remineralizador y antibacteriano (BT + 15% nCaF2 + 3% MPC + 55%
vidrio). Se sometieron a unas pruebas para evaluar la liberacion de Ca y F, las propiedades
mecanicas, la evaluacion de la actividad metabolica del biofilm y el recuento de CFU. Los
resultados fueron que el composite BT+3%MPC+3% DMAHDM+15% NCakF,, tenia unas
capacidades antibacterianas superiores a los otros composites, mientras iguales capacidades

remineralizadoras que el composite BT + 15% nCaF; + 3% DMAHDM + 55% vidrio. A nivel
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de caracteristicas mecanicas, se vio que la incorporacion de MPC daba como resultado una
bajada en las propiedades mecanicas, mientras el composite antibacteriano y remineralizador
exhibia excelentes propiedades mecanicas, similares a las del composite comercial de control
(Heliomolar). En conclusion, se vio que el composite con combinacion de nCaF2+DMAHDM,
ademads de tener Optimas calidades mecanicas, tenia una fuerte accion antibacteriana, evitando
la produccion de acido lactico y disminuyendo la CFU del biofilm de 4 veces 2.

Y. Yang et al. incorporaron clorhexidina (CHX) con nanoparticulas de calcio fosfato (NACP)
en unos composites de resina, con el objetivo de mejorar sus propiedades remineralizadoras y
antibacterianas.

Las nanoparticulas de CHX / ACP “core-shell” (nanoparticulas compuestas que contienen un
nucleo interior recubierto con una o mas capas (shells) de diferentes materiales) (36), fueron
sintetizadas y caracterizadas mediante tecnologia de “vesicule templating” (producir
nanocéapsulas poliméricas huecas a partir de productos quimicos de bajo coste)®” y también
fueron evaluadas sus propiedades antibacterianas y de liberacion sostenida. Posteriormente, las
nanoparticulas sintetizadas fueron incorporadas al composite de resina dental al 1%, 5% o 10%
en peso, para obtener diferentes grupos experimentales. Se evaluaron las propiedades fisicas,
incluida la profundidad de curado, la tasa de conversion de polimerizacion y las propiedades
mecénicas del composite de resina modificada. También se evalué la habilidad de
remineralizacion con el sistema SEM (standard error calculator), mientras que la capacidad
antibacteriana de la resina modificada fue calculada con el método del recuento en placa,
después de haber dejado la resina en medio de cultivo (BHI) a 37° por 28 dias.

En el andlisis fisico de las particulas se not6 que las nanoparticulas core-shell se habian
desarrollado de manera correcta, se podia observar una cascara de ACP y el interior relleno de

CHX, teniendo un efecto de liberacion de calcio, fosfato y CHX, sin interferir con las
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propiedades mecanicas de los composites. Las resinas con contenido del 5% por arriba de
nanoparticulas de CHX/ACP inhibian el crecimiento de S. Mutans aunque cultivadas y dejadas
en agua con un efecto de envejecimiento inmediato de las bacterias del 92%. En adicion, las
particulas habian tenido un efecto remineralizante estadisticamente significativo, después de

haber verificado a través de un microscopio SEM (scanning electron microscope) %),

(A) control 0%CHX/ACP  1%CHX/ACP  5%CHX/ACP  10%CHX/ACP  10% ACP

Fresh

Aging
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Antibacterial rate (%)
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Imagen 8. Yang Y. Las fotos del recuento de placas de la prueba antibacteriana de la resina compuesta con diferentes
contenidos de nanoparticulas CHX/ACP (A4), y tasas antibacterianas (B).

Yang Y, Xu Z, Guo Y, Zhang H, Qiu Y, Li J, et al. Novel core—shell CHX/ACP nanoparticles effectively improve the mechanical,

antibacterial and remineralized properties of the dental resin composite. Dent Mater [Internet]. 2021;10. Available from:
https://doi.org/10.1016/j.dental.2021.01.007
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6.2.2 Ag- Zn-PBG (NANOPARTICULAS METALICAS)

L. Natale et al. en 2017 estudiaron la posibilidad de fabricar nanoparticulas metalicas de plata
(Ag®) a partir de fosfato de plata sometido a radiaciones UV-Vis (<530nm), con el objetivo de
formar particulas hibridas de calcio fosfato/fosfato de plata que tuviesen la posibilidad de ser
un relleno antibacteriano y remineralizador por los composites de resina. Se fabricaron entonces
particulas hibridas de fosfatos y se incorporaron en porcentajes del 20—30% en unas resinas
de dimetacrilato para investigar su efecto remineralizador y antibacteriano. Se hicieron tres
grupos segun el tipo de relleno: CaP 20-30%, CaP/Ag 20-30%, Filtek Z250 Unfilled resin. La
formacion de nanoparticulas metalicas de plata en las resinas adicionadas con CaP y Cap/Ag
(después de haber expuesto las resinas a radiaciones visibles a través de una lampara de
polimerizacién con una emision maxima de 470nm), se acredité gracias al andlisis de la
superficie fracturada del composite con un microscopio SEM. La liberacion de calcio y fosfato
de los materiales que contenian las particulas mezcladas fue similar a las que contenian
particulas de CaP puro, mientras que las colonias de Streptococcus mutans se redujeron en tres
6rdenes de magnitud en relacion con el control, lo que puede atribuirse a la liberacion de plata.
A nivel estético, las propiedades Opticas de los materiales que contenian particulas mixtas de
fosfato se vieron comprometidas por la presencia de plata ).

X. Chatzistavrou et al. hicieron un estudio in vitro sobre los efectos de vidrio bio-activo
derivado de sol-gel dopado con Ag, con el objetivo de conseguir un material antimicrobiano y
bioactivo para evitar el desarrollo de bacterias, y que tuviese un enlace estricto con los tejidos
alrededor de el. El vidrio bioactivo fue incorporado dentro de unas resinas de composites con
concentraciones de 5,10 y 15% de peso, de manera que los nuevos composites dopados con Ag
(Ag-BCOMP) pudiesen tener efectos antibacterianos y bioactivos. Se observaron las

propiedades microestructurales con microscopio SEM, y el analisis elemental del Ag-
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BGCOMP desarrollado. La fuerza de union total (TBS) se midié inmediatamente y después de
7y 14 dias de inmersion en el medio usando una prueba de microtension. Se evalud la capacidad
de los Ag-BGCOMP para formar una capa de apatita en su superficie después de la inmersion
en fluido corporal simulado (SBF), asi como la inhibicion del crecimiento de bacterias en un
biofilm formado por Streptococcus mutans. Se observo una distribucion microestructural
homogénea de particulas de Ag-BG en el compuesto de resina para todos los Ag-BGCOMP.
Las mediciones de TBS mostraron una diferencia no estadisticamente significativa entre las
muestras de control (Ag-BG 0% en peso) y las muestras de Ag-BGCOMP. Ademas, la fuerza
de uniodn total entre el tejido dental circundante y el material de restauracion no presentd ningin
cambio estadisticamente significativo para todos los casos, incluso después de 3 meses de
inmersion en el medio. La bio-actividad de los Ag-BGCOMP también se demostré por la
formacion de una capa de fosfato de calcio en la superficie de las muestras después de la
inmersion en SBF. Se vio actividad antibacteriana para todos los Ag-BGCOMP, con diferencias
estadisticamente significativas entre las muestras de control y los Ag-BGCOMP. De acuerdo
con esto, se encontré6 que el nimero de bacterias muertas en la biopelicula aumentaba

significativamente con el aumento de la concentracion de Ag-BG en los Ag-BGCOMP (Imagen

11) ¢0,
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Imagen 9. Chatzistavrou et al. Imdagenes representativas al CLSM de las bacterias vivas y muertas en las biopeliculas formadas
en la superficie de las muestras de Ag-BGCOMP con diferentes concentraciones en Ag-BG (A). Resultados del andlisis
cuantitativo de las imagenes que muestran el porcentaje de bacterias muertas en el biofilm para cada grupo (B). * muestra la
diferencia estadisticamente significativa entre los grupos. Chatzistavrou X, Lefkelidou A, Papadopoulou L, Pavlidou E,
Paraskevopoulos KM, Christopher Fenno J, et al. Bactericidal and bioactive dental composites. Front Physiol. 2018;9(FEB):9

M. Lee et al, hicieron un estudio sobre la actividad antibacteriana frente a Streptococcus mutans
(S. mutans) de una resina fluida dopada con un vidrio a base de fosfato dopado con zinc (Zn-
PBG) para averiguar el efecto preventivo hacia la caries secundaria. Los composites se
prepararon con 0 (control), 1,9, 3,8 y 5,4% en peso de Zn-PBG. Fueron evaluados la resistencia
a la flexion, el modulo elastico, la microdureza, la profundidad de curado, la liberacion de iones,
el tamano de la zona de inhibicion y el nimero de unidades formadoras de colonias y se
analizaron utilizando ANOVA. La resistencia a la flexion del control fue significativamente
mayor que la de las muestras de Zn-PBG (p <0,05), aunque todas las muestras cumplian con la
Norma Internacional ISO 4049. La microdureza no fue significativamente diferente para el
grupo de control y los grupos de 1,9 y 3,8% en peso, pero el grupo de Zn-PBG con 5,4% en

peso tuvo una microdureza significativamente menor (p <0,05 ). Ademads, las resinas
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compuestas liberaron cada vez mas iones P, Ca, Na y Zn con un aumento en el contenido de
Zn-PBG (p <0,05). Despues de haber sometido las resinas a un recuento de unidades
formadoras de colonias, se vio una reduccion significativa en la viabilidad de S. mutans (p

<0,05) con un aumento en el contenido de Zn-PBG “1).
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7 CONCLUSIONES

Se propone una clasificacion de los materiales inteligentes en odontologia restauradora basada
en los objetivos intrinsecos de los materiales, siendo estos divididos en composites
remineralizadores y antibacterianos, y composites universales.

Dentro del grupo de composites universales, los materiales se pueden dividir en dos grupos
segun las propiedades estéticas:

- composites One-Shade

- composites Group-Shade

Dentro del grupo de composites con efecto remineralizador y antibacteriano, se pueden dividir
por la naturaleza de las particulas de relleno, siendo estas divididas en dos grupos:
Particulas remineralizadoras:

NACP-DMAHDM

NACP-CHX

nCaF2-DMAHDM-MPC

Particulas metalicas:

-Ag-BCOMP

-Zn-PBG

Dentro de las limitaciones del estudio, se vio que los composites universales hoy en dia
permiten un utilizo en sectores posteriores como en sectores anteriores, simplificando la
practica diaria, lo que significa emparejar el color del composite con el color del diente de
manera simplificada, obteniendo resultados estéticos con mas facilidad por parte del
profesional. Proporcionan Optimas propiedades mecanicas, con un resultado estético

satisfaciente, que sin perjuicio puede depender del espesor de la restauracion, del tipo de
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preparacion y del substrato dentario. También se revelan eficaces a la hora de tener que hacer
un blanqueamiento dental, pudiendo cambiar su color al mismo tiempo que el diente
blanqueado y hasta aumentando su emparejamiento a medida que se aclara el tono del diente.
Los composites con efecto remineralizador y antibacteriano pueden aumentar la duracioén en
el tiempo de restauraciones directas, ademas de evitar caries secundarias en coronas y raices,
lo que seria muy util en reconstrucciones directas realizadas sobre pacientes susceptibles a
caries o pacientes ancianos.

Se considera imprescindible la realizacion de pruebas in vivo de larga duracién y con muchos
especimenes para poder confirmar los resultados in vitro por todos los materiales.

Los composites universales tienen un efecto mimético que puede armonizarse con tonos de la
guia VITA desde Al a D3, disminuyendo el numero de composites usados dentro de una
misma reconstruccion y facilitando la eleccion del composite a la hora de reconstruir un
diente. Sin embargo, tienen valores de emparejamiento con el color del entorno generalmente
mas bajos que los composites multishape. Segliin algunos autores serian menos recomendables
por sectores anteriores, aunque algunos estudios que hemos analizado en esta revision de la
literatura, presentaban casos clinicos de sectores anteriores con estéticas satisfacientes y
analisis in vitro con resultados igualmente buenos. Sin duda se recomienda hacer mas estudios
clinicos en vivo de sectores anteriores, para tener datos ciertos. Otro aspecto positivo de los
composites universales es el cambio de color que se ha visto en los dos estudios que trataban
de blanqueamientos, dentro de los cuales se nota que no solo cambian color al mismo tiempo
que el diente blanqueado, sino que se emparejan mejor al aclararse del color. Los composites
con efecto remineralizador mejoran de manera impresionante la potencial duracion de las
restauraciones, proporcionando mas dureza de esmalte, evitando la colonizacion de bacterias

cariogénicas y disminuyendo significativamente la caries recurrentes y marginales. En el caso
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de los composites adicionados con nanoparticulas remineralizadas (NACP-DMAHDM) las
propiedades mecénicas de los composites no son alteradas, siendo ademas capaces de tener
una recarga de iones a largo plazo, lo que proporciona efecto de larga duracion. Los
composites adicionados con Zn-PBG, tienen como desventaja el hecho de proporcionar unas
calidades mecanicas menores que las de los composites tradicionales. Los composites
adicionados con Ag-BGCOMP, tienen una dureza similar a la de los composites tradicionales,
aunque ligeramente menor, pero dan como desventaja en algunos estudios la alteracion de

color del composite.

8 RESPONSABILIDAD

El trabajo cumple con las responsabilidades sociales de sostenibilidad economica y
medioambiental, en cuanto se encuentran unas mejoras objetivas en la estética y en la prestacion
clinica de los materiales restauradores, ademas de una mejora de la calidad de vita de los

pacientes a la hora de utilizarlos.
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By definstion and general agreement, smart maserials are matersals that have properties which may be akered in 2 controlled fashion
bry stimuli, such as stress, tessperature, msoisture, pH, and dectric oe magnetic There are numerous types of sesart materials,
soene of which are already Examples include piexockectric materiads, which produce a voltige when stress & applicd e
vice versa, shape memory alloys o shape memory polymers which are thermarciponsive, and pH sensitive polymers which swdl
ar shrink as a response 10 change in pH. Thus, sevart materials respand to stimuli by akering one or more of thelr propesties. Seart
behaviour occars when a material can sense some stimulus from its environment and react to »t m a wseful, reliable, reproducible,
and usually reversible manner. These properties have a beneficial apphcation in various ficdds incuding dentastry. Shape memory
alloys, nrconta, and smartseal are examples of matersals exhibiting a smart behavior in dentistry. There 3 a strong trend in maserial
science 10 develop and apply these inteligent materials. These materials would potentally allow new wnd growndbeeaking destal
therigics with a significantly enbanced dinical cutcame of treatmsents.

1. Introduction

Materials science is not what it used to be. Traditionally mate-
rials used in dentistry were designed to be passive and mert,
that is, to exhibit little or no interaction with body tissues
and flusds. Materials used in the oral cavity were often judged
on their abelity to survive without interacting with the oral
environment.

The present scenario has changed. Many of the advanced
materials at the forefront of materials science are functional
they are required to perform things and to undergo purpase-
ful change. They play an active part in the way the structure
or device works.

Perhaps the first inclination that an “active” rather than
“passive” material could be attractive in dentistry was the
realisation of the benefit of fluoride release from matenals.
This both reflects and permits a change in material philos-
ophy. The same is true in many other areas of engineering,
such as aerospace, automotive engineering, biomedicine, and
robotics.

Materials used in dentistry can be classified as bioinert
(passive), beoactive, and bioresponsive or smart materials
based on their interactions with the environment.

Seart materials can be defined as designed materials that
have one or more properties that can be significantly changed
in 2 controlled fashion by external stimuli, such as stress,
temperature, motsture, pH, and eectric or magnetic fields [1).
These materials are also referred to as responsive materials.

Smart materials have been around for many years and
they have found a large number of applications. The use of
the terms “smart” and “intelligent” to describe materials and
systems came from the USA and started in the 1980s despite
the fact that some of these so-called smart materials had been
around for decades. Early smart material applications started
with magnetostrictive technologies. This invalved the use of
nickel as 2 sonar source during World War | to find German
U-boats by Allied forces.

Smart behaviour occurs when a material can sense some
sttmulus from its environment and react to 1t in 2 useful,
reliable, reproducible, and usually reversible manner A really
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From vulcanite to vinyl, a history of resins in restorative dentistry

Frederick A. Rueggeberg, DDS, MS*
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This artiche peovades histoeical background on the development of resinbased destal restorative smterial

Witls an usd Szg of the evolution of these

plexary of and similaritics amoog the wide varicty of reiins and poly

erials, cChoucians can better appeecute boch the com-

A vart ese husi

vailable today.

Coesmon peoblems associated witls the use of resin-based matersals are explained, and mare advanced
resia based systems cusresaly under development are beiefly reviewed. () Prasthes Dent 2002.87:364-79.)

Tbe purpose of this article is to provide histarical
background on factors of interest and mmportande in
the development of resin-based dental restorative
materials. With an understanding of their evolution,
the clmician <an better appreciate both the complexty
of and similanities among the wide variety of resins and
polymerization techniques available today. An appreci-
anon for more advanced resin-based systems currently
under development, but yet to become commeraally
available, also may be gained

Dental climicians are always looking for the ideal
restorative material. This materal should be tooth-col-
ored, long-lasting, and strong; it should adhere to
tooth structure; and it should be able to be made
directly within the preparation ste: a direct, esthenc
restorative material. The latter 2 factors may be the
most desirable. Of all types of restorative materials, the
polymeric classification best fulfills these requirements,
as neither metals nor <eramics have successtully been
able to be fabricated or placed in such a manner.

History indicates that use of new types of maternls
for restorative purposcs has often shortly followed the
development and introduction of new technology and
methods to the scientific world. The dental communi-
ty, in its scarch for beter, less expensive,
casser-to-handle materials, s often quack 1o adapt a nis-
ing technology for new and different purpascs,

The use of resin-based restorative materials in den-
tistry has risen exponentially. Hardly a single climcal
procedure is accomplished without use of one or more
of these products, which include scalants, dentin
bonding agents, ¢ ive composites, fiber-rein-
forced resin materials, cementing and lining agents,
denture base materials, denture teeth, denture Eners,
maxllofacial prosthetic products, core buildup materi-
als, orthodontic appliances, splinting  materils,
temporary restorative materials, and vencers,

Prinented @ the £3rd Annual Meeting of the Academy of
Prosthodontics in Santa Fe, N, May 18, 2001,
Frofessor and Directoc Section of Dental Materiaks,
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PRIOR TO 1900

Before synthetic polymer systems were developed,
many items chssificd as “plastic” materils were devel-
oped from natural resans or exudates and tssues from
plants, ansmals, and insects, It was found that heating
these materials would put them in a softened state,
permitting them to be molded and shaped prior to
their cooling. The first examples of such matenals were
harns and hoofs of animals.! With respect to insect
cxadates, the most notable are shellac products, whach
are still in use today.? These materials are derived from
resins produced by tiny mnsects (Coccus Lacea) that
infest fig treex: literally Shell Lacea, from whenee we
derive the woed “shellac.”* Early use of the product
was as a protective coatng and decorative finish for
woods and metals. Later, the product was mixed with
wood fillers to provide 2 moldable substance, and bulk
products {pamarily decorative cases) were produced.
As the photography industry grew, the need for mex-
pensive yet decorative picture frames increased, and
shellac was used to fulfill the need. Later, more durable
products such as carly phonograph dsscs and 78-rpm
records were made by incorporating mineral filler.$
Even though this matenal offered ease of shaping with
increased temperature, there is no recorded use of
shellac for dental purposes.

Gutta-percha

An important and well-known plant exudate used in
dentstry is gutta-percha, also known as Corallite, This
product is quite similar in structure to narural rubber,
differing only by a cis- oc trans-relationship {Fig. 1).5
The difference in configuration between these 2 mol-
ecules is slight and relates to how carbon atoms are
attached to the unsaturated carbon-to-carbon double
bond: aather in-line with (s, natural rubber), or trans
{gutta-percha) to the polymer chain, Thas small differ-
ence results in large differences in physical propertics.
In the bulk state, natural rubber s soft and highly flex-
ible, has a low melting poant, and is tacky. Conversely,
gutta-percha s tough and hard, has a high meltung
point, and exhibats little Sexibdity.®

Dr William Montomerie finst introduced gutta-per-
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Hermann Staudinger and the Origin of Macromolecular
Chemistry
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1 Imtroduction

O Doccmber 10th, 1953 Hermans
Stndinger's proncering rescarck om
macromobecubes was acknomledged by
the award of the Nodel Prize for
(hemistry!! The deadine “High Poly-
smers Deing Hooors™ wem all
arcund the world/! Suodinger had
dscovared the molecular Mueprints of
high molecular weight natural aed man-
made polymeric matechals His revolu:
ticaary concept. inmvolviag linking of a
large sursber of small mosomser mole-
celes by of doet boad §
tioa %o foom masromoleculss, marked
the beginning of the new ora of mokes-
dar dedgn of high molecular welght
stroctural sad fusctional polymeric ma-
teriale Al the beginsing of the 2th
century the trial-smd-error-type polymer
development was amed primanly at
mitating naturad polymenc masenaks
such s slk, navaral rubber, sad ivery
Mot carly imilations cshibited rather

peeparation and processing. Bexibio sep-
ply of feodsiocks, attsactive ecobalisces
and ccoclliciency, cisy processing with
shoet eyde tmes typacal foe the moders
ndmirial maes peoduction, and ther
extraordinary versatility with respect wo
their peopenty profiles, application rang:
ef, and recyding of wastes,
No other clas of 1o is h}

bose om which we balld new strocreral
and fenctioaad polymers i te Helds of
our modermn key technaogies

L il

of matching amiarly diversfied ptop-
erty profiles As 2 function of their
mobecular and supermolecular archnec
Tures # b possible 0 resder polymers
figid llh:aed.so&ot muuy perme-
abke cor @ ar
nsevting, ommlly transparent mopa
Que, dura™e or hodegradable, Typlcal
polymer applications Inchude food pack:
aging, Ight-weight coastruction and ¢n-
gincermg malerials, functional testiles,
corroson-redstant coatings, durable ad-
bosives, agriculteral fims wsed 10 en:

hance food prodection, and blomedical
applications raaging from artificial seeth
m‘ dental filkngs to ad i drug-

Stsdinger s academic ca-
Tear is uupmml epecially with re-
spect to the outstanding saeatific ach-
svements of young Staudinger and his
very rapid academic carcer develop-
senl. [mpoctant stages of his life asd
Bis rocurch were highlyghted by Her-
mann Staudagor Mmeself in hs Amm
erimverangen” (work memoins) ! Sov

eral authors dave publishod Hmu-n
Surndinger's bibliography asd scknoul-
edged Biv socetific costribationm ™ Hes-
maan Staudnger, boen in Woems, Ger
many on March 23, 1851, started to
study bosany with Klebs at the Univer
sity of Halle in 1359, Soca he wis

poor prodoct qualilics with rapect o
those of the corresponding savtural prod-
wots It was Stvadinger's modocular bloe:
peist hat was applied socceslully w
Soign modeen hgh-valoe-in-wse paly-
scry with property profiles llcled
m nature, Polymenc matenals are ox-
ceptional with respect 10 their unque
combination of atractive costpecform:
ance ratio, low<encgy demand dusing
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and bi partible ma-

teriaks hx bone, cartilage, and tisue
replacement. Since the mid 19705 indes-
triad polymer peoduction incrcased ten-
fobd and is now rapadly appeoaching 200
millica mctric toms per year! In natere
the anmead peoduction of blopolymen
such as cardohydrates s moch larger.
exceedng 200 bilkon metr tons por
year, and exploits photosymbess dood
spos cebon dicaade, waler, and solar
energs Todwy high mokecular waight
polvmer prodects are insegral parss of
our Sy Me and seoure Ngh quality of
e, Stindinget's visors remain inpor
tant key swsex in moders macromokee-

d by the ficld of chemastry =
the labarstcey of Volksed and docded
10 shift s academic focus to chemical
research. After studying chomistry In
Dasrestadt asd Munich, ke got ks PRD
degree in 1903 & Halle, caly ﬂm years
alter Bis dmenl al the ure v. Has
FRD thess with Vorlsnder in Hnlum
ooncernod with e addewn of malo:
paes to wnsaturased compomnds™ In
1he same year he accepetod an assistant
postion with 1 Thicle @t the Usiversity
of Strmbourg. During his resaarch n
Thesks s Iabarmory, which was aimed at
explcing ™o converslon reactons of
carbaxylic acids imo the comesponding
aldchydey, Staudmper discovered the
k 3 a new choa of chemical

sl chemitry, 13 and
botechnology, His concepts continue to
peovido e solld and still expanding
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Abstract

The period of 175 years from 1800 to 1975 represents one of significant advancement
in prosthetic and restorative dental service. The transition from the time of ill-fitting
dentures, fashioned from naturally occurring materials, to the application of synthetic
resins for a long list of dental and surgical purposes described in this symposium
represents a typical example of technical and professional advancement that has
taken place throughout the world society during this same period. As noted in the
beginning of this report, the advancement in dentistry has been possible through the
cooperative efforts of contemporary scientists in many related fields. If denistry
retains this good working relationship, as it is expected to do, then the advancements
within the next two generations can significantly change and improve the practice of
dentistry from what is presently known, by the application of additional new and
modified dental resins.
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A SIMPLE METHOD OF INCREASING THE ADHESION OF ACRYLIC
FILLING MATERIALS TO ENAMEL SURFACES

MICHAEL G. BUONOCORE, DAM.D,, M8,
Fostman Dental Dispensary, Kochester, N. Y,

ONB of the major shortcomings of the acrylies and other filling materials
is their lack of adhesion to tooth strueture.* A filling material capable
of forming strong bonds to tooth struetures would offer many advantages over
present ones,  With sueh a material, there would be no need for retention and
resistanee form in cavity preparation, and effective sealing of pits, fissures,
and beginning earious lesions eould be realized,

In our attempts to obtain bonding between filling materials and tooth
structure, severnl possibilities are being explored,  These include (1) the
development of new resin materials which have adhesive properties; (2) modifiea-
tion of present materials to make them adhesive; (3) the use of coatings as
ndhesive interface materinls between filling and tooth; and (4) the alteration
of the tooth surfuce by chemieal treatment to produce a new surface to which
present materials might adhere,

This last approach is the subjeet of this paper, but sinee it concerns itself
only with treatment of intact enamel surfaces, it has only limited npplication
to the broader problems of restorative dentistry,

In industry, phosphorie acid and preparations containing it have been
used to treat metal surfaces to obtain better adhesion of paint and resin econt-
ings.,*  Although the inereased adhesion s believed to be due primarily to the
removal of surface and other eontaminants, the conversion of the oxides or the
surface of the metal itself to phosphates or the adsorption of phosphate groups
on the metal surface may econtribute to the effeet, Sinee the enumel surface
has probably reacted with varfous ions, saliva, and so on, to which it has been
exposed for long periods of time, and its tiny imperfections filled in by a
variety of adventitious materials, the composition of the superficial surface may
be quite different than the underlying enamel.® As a result, any receptivity to
adhesion which the original tooth structure may have had for acrylie materials
may have been Jost, Tt was felt that perhaps an acid treatment of the enamel
surface might render it more receptive to adhesion in the same manner as it
does for metals.

EXPERIMENTAL

Two methods were used for treating the enamel surfaces, The first in-
volved the use of a 50 per eent dilution of a commercial phosphomolybdate

is Investigation supported the Medical Rescarch and Dcnlofmn-
of unnﬂu — R‘umm Mb, the Army, usder Contract No. DA 007-MD- nb

Recelved for publication July 14, 1954
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THE SCIENCE OF BONDING: FROM FIRST 10 SIXTH GENERATION

CEMAND SOUGHER, AL D M A MANGO FERDRASS MO, D06, P D
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sive dentistry date back %o 1955 when Buoaocore,
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that ackds ceudd be wsed as  surface treatmens
bﬁ-mlummd’&-mm‘ﬂ--&h‘w
found that stching | with pheephonic acid
inerensod the duraticn of adbesian under water.
In 1963, Buanooore demoredrated hax insight into
adhesion dentistry when he discossed the dfer
enoe i bonding to esamed and to dentin,’ particu:
larly when be referred to Dr. Bowea's sttempts to
investigate substances that will displace water
fram tooth surfiscee’ with the idea that they could
be used as pretreatment far enamel or dentin.
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Early attempts 1o band te dentin resulted in
poor baod strengths ' This Ilm"um\dngglm
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of dertin can afect dentin bonding !
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State of the art etch-and-rinse adhesives

David H Pashley, DMD, PhD"!, Franklin R Tay, BDSc, PhD?, Lorenzo Breschi, DDS, PhD?,
Leo Tjaderhane, DDS, PhD*, Ricardo M Carvalho, DDS, PhD®, Marcela Carrilho, DDS, PhD5,
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"Department of Prosthetic Dentistry, Institute of Dentistry, University of Turku, Turku, Finland

Abstract

Etch-and-rinse adhesive systems are the oldest of the multi-generation evolution of resin bonding
systems. In the 3-step version, they involve acid-ctching, priming and application of a separate
adhesive. Each step can accomplish multiple goals. This review explores the therapeutic
opportunitics of cach separate step. Acid-ctching, using 32-37% phosphoric acid (pH 0.1-0.4) not
only simultancously etches enamel and dentin, but the low pH kills many residual bacteria. Some
ctchants include anti-microbial compounds such as benzalkonium chloride that also inhibits matrix
metalloproteinases (MMPs) in dentin. Primers are usually water and HEMA-rich solutions that
ensure complete expansion of the collagen fibril meshwork and wet the collagen with hydrophilic
monomers. However, water alone can re-expand dried dentin and can also serve as a vehicle for
protease inhibitors or protein cross-linking agents that may increase the durability of resin-dentin
bonds. In the future, ethanol or other water-free solvents may serve as dehydrating primers that
may also contain antibacterial quaternary ammonium methacrylates to inhibit dentin MMPs and
increase the durability of resin-dentin bonds. The complete evaporation of solvents is nearly
impossible. Manufacturers may need to optimize solvent concentrations. Solvent-free adhesives
can secal resin-dentin interfaces with hydrophobic resins that may also contain fluoride and
antimicrobial compounds. Etch-and-rinse adhesives produce higher resin-dentin bonds that are
more durable than most 1 and 2-step adhesives. Incorporation of protease inhibitors in etchants
and/or cross-linking agents in primers may increase the durability of resin-dentin bonds. The
therapeutic potential of etch-and-rinse adhesives has yet to be fully exploited.
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Abstract: Rationalizing has become a new trend in the world of science and technology.
Nanotechnology has ascended to become one of the most favorable technologies, and one
which will change the application of matenals in different fields. The quality of dental
biomaterials has been improved by the emergence of manotechnology. This technology
manufactures matenals with much better properties or by mmproving the properties of
existing materials. The science of nanotechnology has become the most popular area of
research, currently covering a broad range of applications in dentistry. This review
describes the basic concept of nanomatenals, recent mnovations in nanomaterials and their
applications in restorative dentistry. Advances in nanotechnologies are paving the future of
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Nanocomposites: Past, present,
and future of dentistry

Aarati Panchbhail
Sharad Pawar Dental College & Hospital DMIMSDU, Wardha, Maharashtra, India

The recent advent of nanotechnology has enabled manipulation of the conventional
dental composites at a nanoscale level, resulting in newer and advanced materials
called nanocomposites. Thanks to their light weight, efficient mechanical properties,
and light-conducting properties, nanocomposites can be used in many ways.

Restoration is one of the vital specialties of dentistry. In spite of improvements in
materials used for restorative dentistry, there is no material that is ideal for this dental
application. The conventionally used silver amalgam comes with issues of toxicity and
poor esthetics. The conventional composite restorative materials have better esthetics,
but lack adequate strength; hence, they cannot be used in posterior areas of dentition,
and are highly technique-sensitive. In addition, there are issues of wear resistance, po-
lymerization shrinkage, and microhardness, which are essential in posterior occlusal
restorations. Hence, there is a need for dental materials with properties that are better
suited for restorative dentistry.

Conventional dental composite resins, due to their superior esthetics and
shade-matching properties, have been widely used as the material of choice for restor-
ing anterior teeth. However, their application in the posterior stress-bearing areas has
remained questionable due to the lack of adequate physical and mechanical proper-
ties. In these composites, the resin matrix is reinforced with nanosized filler particles,
resulting in significantly improved mechanical properties. The resultant improvement
in physical properties, coupled with superior esthetics, has made nanocomposites the
material of choice in anterior, as well as posterior, class I and II restorations.

The emergence of nanocomposites has enabled the use of a single restorative mate-
rial, universally, in various areas of the oral cavity, as these composite materials possess
not only favorable esthetic properties, such as high initial polish and polish retention,
but also excellent mechanical properties and improved handling characteristics.

11.1 Development of composites

Conventional dental resin-based composites (RBC) were plagued by the issues of
shrinkage, viscosity, moisture contamination, and changes with aging. The composition
largely included the two polymers triethylene glycol di-methacrylate (TEGDMA) and
2, 2'-bis glycol methacrylate (Bis-GMA). Later, the Bis-GMA was replaced with other
dimethacrylates to overcome the issues associated with conventional compositions.

In the development of the composites, the three main components, which can be
madified, are the inorganic fillers, the organic resin matrix, and the silane coupling
agents. For increasing the mineral content of the tooth, calcium and phosphate
Az plh of N M dx b2 D y. hpe Odalorg/10. MIAEYTE-O- 1 2-XLYM2-A 0110

© 2019 Elevier Inc. AR mghex senerved
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Keymords Abstract

bicrimetic, nenodentsty, renomedicine, Nanotechnology, or nanoscience, refers to the rescarch and development of an
nanaparticle, ranolschnology

applied science at the atomic, molecular, or macromelecular levels (ie. molecu-
lar engineering. mansfacturing). The prefix "nano” & definad a5 a unit of mea-
in which the characteristic dmension is ane billionth of 2 wnit
Although the nasoscale is small is sze, its potestial i vast. As sanotechaology
expands in other fields, cimiclans, scientists, and manufacturers are workisg to
discover the uses and advances in biomedical saences. Apphcations of nano-
techmology in medical and dental fields have only approached the horieon with
opportunities and posdbilities for the futsre that can only be limited by our
imagination. This paper provides as carly ghmpic of nasotechnology applics-
tions in medicine and dentistry to illustrate their potentially far-reaching
impacts on dimécal practice. It also narrates the safety Issoes concerning nano-
techoology applications.
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the emergesce of & new fAdd callad nanoesedicine. This is

Witroduction the schence and technology of diagaosing, treating, and

Nanotechnology & the engineering of molecularly precise
structures, The term “nanotechnology™ was coined by
Profesor Kerie E. Drexler, a Jecturer and researcher of
nanotechnology. The prefix “mano™ means 107" or one
billionth of & unit. The sanaicale is approximately 1000
times smaller than a microscale, which is approxmatdy
1780 000 the diameter of 2 baman hair. These small sci-
emtific scales were first revodationized by Richard Feyn-
man at his famous speech at the Annual Meeting of the
American Physical Seciety in 1959 entitled: "There is
plenty of room at the Bowem™. He proposed that
wachines and tools that make smaller machine wols
could in turn be used to make even smaller machines and
tools, right down to molecular Jevels., He suggested that
such namomachines, manorobots, and nanodevices could
ultimately be used to develop 3 wide range of stomically
precise microscopic imtramentation and masufactaring
tools. In his hiworical Jocture in 1959, he cancluded by
saying, "“This is a devdopment, which | think canaot be
avoided"?

Nanotechnology in  medicine has been  recently
reviewed (2002-present] from various perspectives relative
to the buman molecsle-tiaue interface,” ™ and has led to

© 2501 Bacowed Abisharg Asa Pry L1e

preventing disease and traumatic injury in order to reieve
pain and preserve and improve human health through
the we of panoscale-structured materials, biotechnology,
and genetic engineing, and lly, comp) |

lar machise systess and nanorobots® Once one considers
other potential applications of nanotechnolegy to medi-
cine, it Is mot difficult to imagine the impact o nasmo-
dentistry, The development of namodentistry will make
possible the maintenance of near-perfect oral health
thromgh the uae of panomat S

'L"ndl' N |"

incloding tiswe engineering "’ and bodics

Nanotechnology in medicine

The potential applications of manotechoology im medi-
cine are vt These include imaging and diagnoatics, tar-
geted drog delivery, nano.csabled therapics, and tasue
engineering.

Diagnostics

In manodiagnastics, the ultimate goal is to identify da-
cases at the carlient stage poasible, ideally at the bevel of 2

64




Review article

ISSN 22347656 (print) / ISSN 2234- 2666 {onfinm]
bt /e doi ong /105305 /xde 2016.41 3,159

RUE ®

Restorative Dentistry & Endedontics

Criteria for clinical translucency evaluation of direct
esthetic restorative materials

Yong-Keun Lee*

for Chimical Perf e of
Bormaterals (ICPB) and ETN Dertal
Chic, Seaud, Kores

Recetved Febreary 23, 2016;
Accepted May 15, 2016

Lee YK

* Correspondence to

Yorg-Keun Lee, DDS, PhD.
Director, Lrstitute for Ctinscal
Performance of Biomaterals (1(P8)
and ETN Dental Clinic, 105-8101,
27 Heukseokhangang-ro, Donglak-
g4, Seoul, Kerea 06581

TEL, +82.2-B16-1616; FAX, + 82.2-
816.0605; E.mall, yieedn@gmail.
com

This is an Open Accuss antice detrbuted under the tere of the Creative G

by-nc/8.0) which permits

The purpose of this review was to suggest practical oriteria for the clinical translucency
evaluation of direct esthetic restorative materials, and to review the translucency
with these oiteria. For the evaluation of reported translucency values, measuring
instrument and method, specimen thickmess, background color, and illumination
should be scrutinized. Translucency parameter (TP) of 15 to 19 could be regarded
2s the translucency of 1 mm thick human enamel. Visual perceptibility threshold for
translucency difference in contrast ratio (ACR) of 0.07 could be transformed into ATP
value of 2. Translucency differences between direct and indirect resin composites
were perceivable (ATP = 2). Universal and corresponding flowable resin composites
did not show perceivable translucency differences in most products. Translucency
differed significantly by the product within each shade group, and by the shade group
within each product. Translucency of human enamel and perceptibility threshold
for translucency difference may be used as criteria for the dinical evaluation of
translucency of esthetic restorative materials. (Restor Dent Endod 2016;41(3):159-166)

Key words: Esthetics; Evaluation; Restorative material; Trarshucency

Astad san

Introduction

Transhuxcency in esthetic restorative materials induces the depth of color n restorations,
and also influences the color harmonization with sumounding or adjacent teeth/
restorations.” Optical performance of restorations may be compromised by poor shade
blending of opaque restorative materials at the tooth interface.” For the measurements
of optical properties, the Commission Internationale de I'Eclairage (CIE) color
coordinates and the CIE standard illuminants are generally used.” For the determination
of translucency, two indices such as translucency parameter (TP) and contrast ratio
(CR) have been widely used.*” TP is obtaimed by calculating the color difference of
a specimen over two backgrounds: TP = [(Ly* - L") + (3," - 3,")™+ (b* - b))%,
where subscript W refers to the color coordinates over an ideal white background and
subscript 8 refers to those over an ideal black background.” (R is caloulated from the
spectral reflectance (Y) of the specimens owver black {Y,) and white (¥,) backgrounds to
give Y./Y,." Mean (R % calosated as the averaged CR values at each wavelength (10
nm intervals) in the range of 400 to 700 nm.** Since it has been confirmed that TP
and CR values are highly correlated,"” they might be used interchangeably.

Care must be taken when comparing the translucency values based on different
studies because technical details for measurements must be matched, or adjustments

Antribeticn Mool
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One-shaded resin-based composne using Kubelka-Munk’s equations, and a reflaction spectrophotometer was used 1o mea-
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Fesin-based composites are widely used in restorative den-
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Abstract

Objective: To evakuate color matching of universal composite restorations performed
in anterior teeth using two evaluation methocds.

Materials and Methods: Sty dass |l preparations were made on denture central
inc=ors with different shodes (A1-AY) and restored with mwitishade (Tetric
Evoceram, Fikek Universal and TPH Spectra Universall and  single-shade
|Omnichroma) universal compasites [n « 5). For photographic analyds, a digital pho-
tograph of each specimen was taken under standardired set-up. Color messurements
were taken in the center of the restoration, and in the tooth surface 1.0 mm adiacent
from the tooth/restoration margn, OELab coordinates were recorded and color dif-
ference analysis (AF] was made wsing the CIEDE 2000 formula. For visual analyss,
cfibrated observers performed visual scoring of color matching and differences were
paded i Oeexcellent match; 1:very good match; Znot 50 good match; 3:obwvious mis-
matchc 4:huge mismatch, Al data were statistically analyzed wsing 3 Inear mined
model analyss with a confidence interval of 95%,

Results: For phatograghic analysis, Omnichroma showed the highest AE comgared to
the other composites for ol shodes [P < 05 without difference among experimental
Fougs regarding tooth shade. For visual analysis. Omnichroma showed the highest
scores (P < Q5) for all teeth shades, without dfferences between the other groups,
Furthermare, there were no differences between visual scores for different shades of
2 same resin composte proup.

Conclusions: Multishade universal composites presented higher color matching than
the single shade universal composite, There were no differences of color matching
for different tooth shades for all composites.

Qinical significance: Universal composites with increased color matching may be
helpful to simplify anterior restorations, minimizing chnical errors.

KEYWORDS
blending. color. color matching. optical properties, resin compasite
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Abstract

Objective: To evaluate color, lightrness, chroma, hue, and translucency adjustment
patential of resin composites using CIEDE2000 color difference formula

Methods: Three resin composites (Fitek Universal Harmonize, and Omeichroma)
were tested. Two types of specimens were prepared: an outer base shade with an
irner hole fled with test shades and single-composite specimens of all shades,
Spectroradiometric reflectances measurements and subseguent CIELAB color coor-
dinates and trarshuxcency parameter [TP) were performed, Color (CAP). lightness,
chroma, hue, and translucency (TAPo) adustment potential using CIEDE2000 color
difference were computed. Color and transparency differences among composite
materials and shades were statistically tested [P < 0,05)

Results: Positive CAPy, and TAPy, values were found for majority of tested mate-
riss. CAPg values ranged from 014 to 0.89, with the highest values Tound for
Omnichroma {>0.75 in all cases). TAPg values ranged from ~0.06 to 086 with signif-
icant trarshicency differences among dual and single specimens. Omnichroma
exhibited the highest adjustment patential for all color dmensions studied.
Condusions: Lightness, hue, dhroma, and transhxcency adjustment potential have
been introduced using CIEDE2000 color difference formula, and have shown their
usefidress to evaluate blending effect in dentistry, Color coordinates and transh-
cency adjustment potential were dependent on dental material. Omnichroma
exhibited the mast pranounced blending effect,

Clinical significance: Resin composites with increased color and translucency adjust-
ment may simplfy shade selection, making this process easier and less time consum-
irg. Furthermore, these matedals might fadlitate challenging and complex color
matching situations.

KEYWORDS
blending. CIEDE2000. color adjustment potential, resin composite, transiucency adjustment
potentiyl
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Olyectver. To assess visaally cokor manching snd Neading efect (BE) of 2 universal shade dulk fl resin compasite placed in resin-
conmpasite medels with diferent shadies and caviy szes and in nmdmm |emmduuwlbe-u'm‘1 Mitenisls and Methonds,

Reun-corpoate-discs (10mm x Lmrm) were pespared of | shade coerp " P of dhadex: AL A2, AY,
ASS, and A4 Spectzoph sc-codar was performed to calcula :Mumﬂbmuhmnd
xhlllud"'-—- & and d thetr i P (TF). Vil sascxumaent wa pesfoersed

Dymummdcclwmnno&umwdﬂmummem- hirg b e un | shade and each shade. under
Thursineat D65, Color manching visual scocing (VE) valoes were eapressed numerically (1551 1 mismsatch™otally unacceptable,
2 Poce-Maschihardly acceptable, % Good-Masch/acceptable, & Clone-Masch/arzall-dfference, :nd & Exact-Maschino<olor-
duf Occhuml of &fferert atoes were peepanad in teeth-ble reut -models with shader Al A2, AS, ASS,
and AL The casities were filled by the universal shade compasite. The same scale was usad % scoee codor- manching between the
Alings and compeske models. BE was caloulated as difference (n mean visaal scores in madeds and that of Sscs. Extracted teeth
with two difierent cass [-cavity maex 23 well 23 %m patierts” bower panterios malars wah *‘-‘anum, pared, flled by

| shade coanp and d smilarly. Rouls In modds, the | shade hawed doue hag in
naummmumuuunmumu % VS < 5)(HE « 06 29|nomlcmm¢0$ nlnnmcmuax In
extracied teeth, lhmwun-l -chose color matching (VS « A? 4.4 0 sooall canithes, BE = 25-32) (VS = 3-35, BE « 1823 In

d good-maschizg (VS » £33, BE » -0.9-21). Concanionu.

hr'tartul] lap lary, the al thade
Coloe- vo‘ | shade comp
L. Introduction

Blending-effect (BE) of & restorstive dentad material refers
10 its ability to acquire 4 coloe resembling that of the
adjacent strecture [1]. Some manufacturers describe their
dental produocts with this blending potential by having a
chameleon effect [2).

A main previous research by Paravina et al. [3) tnvesti-
paned the blendiag-effect of shaded resin-compesites related
to restoration size. The authors wsed two main ns'
designs; one was composite ring {shade C2) with a central
hode (2, 4, o 6 mm) filled with resin-composte (shades A2
and B2 of two dfferent brands). This combined specimens

wearsatisfactoey rather thas perfoct in patiests’ tecth

desiga rescmbled teeth cavity walls flled by restocations.
'lhto&ﬂdaagn was single composite discs from the same

s were performed using 4 scale
fmmlto&.\dmv score “1° was total mismanch while score
"S" was Exact-Match. Visual scorisg (VS) was performoed
twice; the first assessment was performed for the degree of
color-matching between two single ress-compoite separate
discs: the surrounding shade composite discs (shade C2)
versus the restoration shade dscs (etther shade A2 or K2)
Meanwhile, the other ascisment was perfoemed for the
combined specimens, where V'S was performed for the filling
(sades A2 wnd B2) within the comgosite ring (shade C2) with
the duferent cavity swes. BE was cakculated as the difference
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1 | INTRODUCTION

Establishing durable adhesion to dentin with resn monomer solutions.
has been an arcuous task since the ploneering work of several ressarch

Abstract

Objectives: To address contemporary concepts in adhesive dental materials with
emphasis on the evidence behind their clinical use,

Overview: Adhesive dentistry has undergone major trarsformations within the last
20 years. New dental adhesives and composite resins have been launched with spe-
cial focus on their user-friendiness by reducing the number of components and/or
cinical steps. The latest eamples are universal adhesives and universal composite
resins. While clinidans prefer multipurpose materials with shorter application times,
the simpification of clinical procedures does not always result in the best dinical out-
comes. This review summarizes the curent evidence on adhesive restorative mate-
rials with focus on universal adhesives and universal compasite resins,

Conclusions: {a) Although the dinical behanvior of universal adhesives has exceeded
expectations, dentists still need to etch enamel to achieve durable restorations:
[b) there & no clinical evidence to back some of the popular adjunct techniques used
with dental acdhesives, including glutaraldehyde-based desensitizers and matrix
metalloproteinase inhibitors; and [c) the color adaptation potential of new universal
compasite resins has simplified their clinical application by combining multiple shades
without using different translucencies of the same shade.

Clinical Significance: New adhesive restorative materials are easier to use than their
predecessors, while providing excellent clinical outcomes without compromising the
esthetic quality of the restorations,

KEYWORDS
dental adhesion, dental bonding, dental materials, universal adhesives, universal composite
resine

teame in the 19505 using the phosghate manomer glycerdl phasphoric
acid dimethacrylate (GPDM). This monomer, patented by Osar Hagger
in 1951 was induded in the compoeition of Sevitron Cavity Seal
Amalgamated Dertal Trade Distribution. Ltel. London, UKL
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Abstract

Objective: To evaluate the shade matching ability of a novel supra-rano filled
esthetic resin composite employing structural color technology using simplified simu-
lated chnical cavities. Filler morphology and light trarsmittance characteristics were
also evalusted,

Materials and Methods: One-hundred and twenty frames of resin composite were
buik in Al A2, A3, and A4 shades to simwdate Class | cavities (diameter = 4 mm,
height = 2 mm). For each shaded frame, cavities were filled with three different types
of filler containing resin compoasites [n = 10} supra-nano filled (SN filed) resin com-
posite, microhybrid filed (MH filled) resin composite, and chustered-nano filked
(CN filled) resin composite. Color parameters were caloulated using CIELAB (AEL)
and CIEDE2000 {AEqq) Data were aralyzed using one-way analysis of varhance
(ANONVA), followed by Duncan's test {a = .05). Filler morphology and light transmit-
tance characterstics were measured to explore the role of structural color on shade
matching.

Results: AE,, and AEqq of SN filled resin compasite werne significantly lower in A2,
A3, and A4 shades (P < .05),

Condusions: The SN filed resin composite showed better shade matching with A2,
A3, and A4 shades of resin compaosite frames compared to MH fillked resin composite,
and CN filled resin composite.

Clinical Significance: Universal-shade resin composites, which were expected to
match nearly al shades, simplify the restorative procedure. Resin composite, which
comaned sphercal supra-rano filler partides, could contribute most to its shade
matching by stimulating structural color. Structural color technology may pravide
additional benefits for shade matching of resin composites.

KEYWORDS
esthetic resin restoration. filer morphology, resin composte, shade matching. structural color
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1 | INTRODUCTION

Abstract

Objective: To evaluate the shade match of three composite resin restorative mate-
rials to bi-liyered scrylic teeth instrumentally sod visualy,

Materials and methods: Three composite mater@ls—Omnichroma [OM], Tetric
EvoCeram [TEL and TPH Spectra ST [TS] were placed Into occlusal preparations
{5 mm diameter, 2 mm depth) on 15 bi-layered scryfic teeth per each shade A2, B1,
B2, C2, and D3. The composites were placed in & single increment and cured using
Bluephase G2 light. The L*, a°, and b* readings were cbtained using VITA Easyshade
V for the teeth and restorstions: mean Afy; values were calculated and assessed
using two-way analysis of variance with a test of simple effects with multiple com-
parisons for signficance (P < .05). Three teeth were restored to anatomical form with
each of the compasites for the five shades and were subjectively graded by 30 evalu-
#tors a8 1-best match, 2—ntermediate, and 3—poorest match,

Results: In the instrumental evaluation, OM and TS showed lower AExg values for
Iighter shades, whereas TE showed lower and similar AEy, values for all shades. In
the visusd evalustion, TE exhibited the best shade match for darker shades C2 and
D3. OM and TS matched better with lighter shades.

Concluslon: Shade matching & compesite and shade-dependent. Overall, TE matched
the multiphe shades better than the other two materials.

Chirical significance: Single and group shade composites displayed shade matching
ablity Inferior to a mudtl-shade composite materal, which may limit their use in highly
esthetic cinical situations.

KLYWORDS
blendng. color, composhe resin, esthetics, shode match

mudtiple eromel and dentin shades of difering transucencies and
opociies ™ 35 measured according to the VITA Classical shade guide

In the replacerment of missing Looth structure, it is a poimary objoctive This complicates e shade matching proceduse, roquines more inven:
to restore proper tooth form, function, and esthetics. To ersure an tory. and results In an increase 0 cost and charside sme, “Bending
esthetic outcome, an imperceptible match of the color of the restor- effect” |BE) or “chameleon effect” descrbes the ablity of 3 material to
ative meterial o that of the tooth is of utmost impertance. The goly: acquire a color simiar to that of its surrounding tooth structure™™
chromatic roture of natural teeth makes shode sefection more This has emabled the introduction of composite materials with mod -
chalenging.! Composhe resies have been developed commerdally in fied optical properties and thus. 3 reduced number of shades
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Abstract

The aim of the present stady was 10 charactanize manohybeid @ manofilled composites in terms of degroe of conversson
(DC), e of cure (RC), microbardness (Vickers hardmess sumber; VHN), depth of cure, and contraction stress (CS). Ceraam,
X* universal- A3, duo emamel EZ, and duo destin D3 composites were compared 10 Tetric EvoCeram®™ and
FiliekTMSupreme XTE composstes of equivalent dentin snd esamel shades under a 405 photopolymerization protocol.
DC was measured by infrared spectroscopy, caloalating RC from the kimetsc curve. Top and bottom VHN were determined
using a Vickers indenter, and bostombtop surface ratio (Vickers hardness ratio; VHR) calcalmed. CS vs. time was assessed by
2 umaversal testing machane and normalized for the specimen boading area. All matenals showed DC < 60%, Ceram. X*
compasites reachimg higher values thim the other compasites of coeresponding shades. RC #t 5 3 of photopolymenzation wis
always higher than that a1 10s. Al the Ceram X*® composites and the lighter-shaded Tetne EvoCeram® and
Filiex TMSupreme XTE composates reached the RC platcau after 25 3, the remaming malerals showald a slower Kinetic
trend. Tetre EvoCeram® and FilleKTM Sugreme XTE composites displayed the soflest and the hasdest surfaces, respectively,
Differently from darker-shaded matenals, the universal and the three enamel-shaded composites resulted optimally cared
(VHR > 80%). The tested composites differed n CS both dunmg and after hght cure, Tetric EvoCeram® and
FiliekTMSupreme XTE composstes displaying the highest and the Jowest CS, respectively. Only the Ceram.X*
universal-A3 reached 2 CS plateau value. The tested camposites exhibited matenal-dependent chemo.mechanical properties.
Imcreasing the curing time andéor reducing the composate layer thickness for dentin-shadad composites sppears advisable

Graphical Abstract
— - —_— —
e
e B
-3 S
t— —
1 Introduction

Composite restorative matenials represent one of the many
>4 Darsele Angerame successes of modern biomaterials research since they replace
damperame@finc urit it biological lissue i both appearance and function. Al Jest
| University Clinical Department of Medicol, Surgical, and Health  hall of posterior direct restoration placements sow rely on
Scwnces. University of Trieswo, Trieste, Ialy composite malerials [1] Composstes consist of three distingt
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Effects of quaternary ammonium chain length on the
antibacterial and remineralizing effects of a calcium
phosphate nanocomposite

Ke Zhang'”, Lei Cheng™’, Michael D Weir®, Yu-Xing Bai' and Hockin HK Xu™**

Composites containing nanoparticles of amarphous calcium phosphate (NACP) reminecalize tooth lesions and inhibit caries, A recent
study synthesized quatemary ameonium mathacrylabes (QAMs) with chain lengths (CLs) of 3-18 and duturmined their effects on &
bonding agent, This study aimed to incerpoeste these QAMs inte NACP nanocomponites fer the fiest time to simultansously endow the
material with antibacterial and remineralizing capabilities and to investigate the afects of the CL on the mechanicsl and biofilm
properties, Free QAMS were synthesized: DMAPM (CL3), DMAHM (CLE), DMADDM (CL12), DMAHDM (CL16), and DMAODM (CL18),
Each QAM was incorpoested into & composite containing 20% NACP and 50°% glass ers, A dental plaque microcosm biofilm
moded was used to evaluate the antibacterial actwvity. The flexural strength and elastic modulus of nanocomposites with QAMs matched
those of a commercial control composite (n = &; £ = 0.1). Increasing the CL from 3 to 16 greatly enhanced the antibacterial
activity of the NACP nanocompasite (P < 0.05); further increasing the CL to 18 decreased the antibacterial potency. The NACP
nanocomposite with a CL of 16 exhibited biofilm metabolic activity and acld production that were 10-fold lesser than those of the
control compasite. The NACP nanccomposite with a CL of 16 produced 2.Jog decreases In the colony-forméng units (CFU) of total
microorganisms, total streptococcl, and mutans streptecocci. In conclusion, QAMs with CLs of 3-18 were synthesized and
Incorporated into an NACP nanocomposite for the first time to simultancously endow the material with antacteral and
remineralization capabiities. Increasing the CL reduced the metabolic activity and acid preduction of biofilms and caused a 2-log
decrease in CFU without compromising the mechanical peoperties. Nanocomposites exhibiting strong anti-biofilm activity,
reminaralization eMects, and mechanical properties ace promising maserials for footh restorations that inhibit caries.

Internationsl Journal of Oral Science (2016) 8, 45-53; doe 101038102 2015.33; published online 27 November 2015

Keyweoeds: antibacterial nanccompesite; calcium phosphate nancparticlhes; carms wdubition; human salive microcosm bioldm; que-
tarnary ammorsum chain length

INTRODUCTION

Many recent stwdies have indicated the worldwide prevalence of dental
caries, which is a biofilm-dependent oral disease.'* Duoe to their acs-
thetics and direct-filing capabdity, resin comgosites along with bon-
ding agents are the principal sateriali for woth cavity reitoeations.™
However, ¢ ites tend 10 A late more biofilm than other
resorative mnluuh and secomdary caries al the restoralion marging
premsoted by acd preduction from biolilms is & ssajoe cause of com-
paukrnlnnlmnhi)-r'“"T‘ fore, the devdop of comp
sites that can Gght biofilis ln beome imcreasingly necessary.'’ To
this end, g ¥ hacrylates (QAMs) Bave been
Jc\dupnl and sscorporated isto dental resin that exhidar anti-
biofilm activities. "'

Quanernary ammonium masersals can cause bacteria lysis by bin-
ding %o the bacterial membeanes ™ A previous study revealed that
hydrophobic, positively charped long polymeric chains can effectrvely
kill bacteria * Parthermore, the alkyl chain lengeh (CL) directly cor-
related with the hydrophobecry and conseguently the ability to pen-
etrate the hydrophobic bacterial membeane. ™ Specifically, these long
cationic polymers can penctrate bacterial el smndar 10 the way 2
moodle can barst a balloon ™ Therefore, the CL of QAMs is impor-
mnl. A recent stedy synthoized & sersc of new QAM: with CLs ran-
ging from 3 10 13, incorporaled thes into a bonding agent, and
achacved strong antbacterial officacy.™ However, the effects of the
CL oa the astidbacierial efficacy of dental compasites have not yet been
systematically stodved
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ARTICLE INFO ARSTRACT
Artide Rissry. Otyective Recurrent carles 35 2 primary reason for restoration fallure caased by bis@illm acids
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Abstract Secondary caries often occurs at the tooth-composite margins. This study developed a novel
bioactive composite containing DMAHDM (dimethylaminohexadecyl methacrylate) and NACP
(nanoparticles of amorphous calcium phosphate), inhibiting caries at the enamed restoration margins
m an in vitro saliva-derived biofilm secondary caries model for the first time. Four composites were
tested: (1) Heliomolar nanocomposite, (2) 0% DMAHDM + 0% NACE, (3) 3% DMAHDM + 0% NACP,
(D) 3% DMAHDM + 30% NACP Saliva-derived biofilms were tested for antibacterial effects of
the compuasites, Bovine enamel restorations were cultured with biofilms, Ca and P ion release of
nanocomposite and enamel hardness at the enamel restoration margins was measured. Incorporation
of DMAHDM and NACP into compoesite did not affect the mechanical properties (p > 0.05).
The biofilms” CFU (colony-forming units) were reduced by 2 logs via DMAHDM (p < 0.05). Ca and
P ion release of the nanocompasite was increased at cariogenic low pH. Enamel hardness at the
margins for DMAHDM group was 25% higher than control (p < 0.05). With DMAHDM + NACP,
the enamel hardness was the greatest and about 50% higher than control (p < 0.05). Therefore,
the novel composite containing DMAHDM and NACP was strongly antibacterial and inhibited
enamel demineralization, resulting in enamel hardness at the margins under biofilms that approached
the hardness of healthy enamel.

Keywords: secondary canes; remineralization; antibacterial; nanocomposite; saliva-derived biofilms;
enamel hardness
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Short-term studies on cald hospliste (Cal) sen-rochargeabl posites werw reparted. The long-term rechargeability & s portant
but unknwn. The nhj«mm e{ thln atudy were to investigate nanocomposite with strong antibscterial and lon-recharge capnblbnm
yi methacrylate (DMAHDM) and nanoparticle of amorphous caldum pheaphate (NACP), and
evaluate boag-term lon-recharge by testing for 12 eyeles (taking 6 months to complote) for the first thme. Threo groups were tested: (1)
Hellomolar control; (2) Resan+ 205 NACP+60%glass; (3) Resln+3%DMAH DM+ 205 NACP+60%glass. Blofilm acd and colony-forming
units (CPU) were measured. loa-rocharge was tested for 12 cycles. NACP-DMAHDM cempesite reduced biofilss acid, and reduced
CFU by 4 Joga. High levels of lon relesscs were malntained threughout 12 eyeles of rocharge, maintaining mndy m nknm
without reduction s 6 months (p>0.1), representing long-tarm remineralization petantial. Boactive
long-tares los-rochargeability for the first time, showed remineralization and potest anti-blofilm fusctions, with pramise for tooth
restarations to combat carles

Keywords: Dental posite, Calcium phosph particles, lon recharge and re-release, Dimethylaminododecy]l methacrylate,
Dental caries
INTRODUCTION fracture™'”. The replacement of failed dental restorations

constitutes approximately 50 to 70% of performed
Resin composites are the most frequently used direct operative dental procedures® ', which involves removal
restorative material due to their conservative removal of additional tooth structure, resulting in o weaker tooth
of tooth structure, improved esthetics, and direct- that ks more susceptible to fracture'®.
filling capabilitiea*=, However, compesites still present Therefore, there = a strong need to develop a
some serious drawbacks, including recurrent carbes, new generation of bloactive dental composites with
restoration fracture, and marginal leakage”. Marginal antibacterial  and  remineralization  abilites™'".
leakage allowz for bacterial entry, proliferation, and Quaternary ammonium methacrylates (QAMs) were
preduction of acids, subsequently resulting in recurrent synthesized and incorporated into resins to produce
caries. Moreover, posites favor the ilation of antibacterial effects'***. QAMs are a class of cationic
biofilms/plaque*™ when compared to other restorative compounds with a broad.spectrum antimicrobial
materials®. Previous studies have shown that plague effect’ ™™, The alkyl chain length (CL) of quaternary
iated with posite restorations tends to favor ammonium compounds has been correlated with
the adherence of the more cariogenic bacteria, including their  antibacterial  effectiveness™ .  Recently,
mutans streptococel and Jactobactli®. Composites can dimethylaminohexadecyl methacryvlate (DMAHDM) with
accumulate more biofilm Jeading to tooth structure a CL of 16 was synthesized and shown o have stronger
demineralization and recurrent caries at the tooth- antibacterial properties than QAMs with shorter CL&™.
restoration interface, which i2 3.6 times more common DMAHDM has been incorporated into composites and
with composites than with amalgam”™. Recurrent cares adheaives that showed potent antibactersal properties
1= considered one of the two main reasons to replace against a wide range of aral pathogens ™12,
an existing restoration™, followed by restoration Ancther way to combat dental caries is through the
application of remineralizing materials that can release
calcium (Ca) and phosphate (P) ions, which constitute

Color figures can be viewed in the enline sewe, which is avail-
able at J-STAGE
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Low-shrinkage-stress nanocomposite: An insight into
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1 | INTRODUCTION

Dental resin composies are populr for restoring carous lesions,” how-
ever, polymerization shrinkage and secondary cares remain a3 mgjor
unresolved sues for resin composites, limiting the largevity of the resto-
rations ** Replacement of a falled restoration resuts In more tooth struc-
ture removal and hence 3 higher susceptitifity for the tooth 1o fracture,

Abstract

The alms are: (a) To develop the fiest low-shrinkage-stress nanocomposite with
antibacterial and remineralization capabilities through the incorporation of
dimethylaminododecyl methacrylate (DMAMDM| and nanoparticles of amorphous
caldum phosphate (NACP); (b) to Investigate the effects of the new compasite on
biofilm inhibition, mechanical properties, shrinkage stress, and caldum (Ca) and phos-
phate (P] lon releases, The low-shrinkage-stress resin consisted of urethane
dimethacrylate and triethylens glycol divinylbenzyl ether. Composite was formulated
with 3% DMAHDM and 20% NACP, Mechanical properties, shrinkage stress, and
degree of conversion were evaluated. Strepdococcus mutans biofilm growth on com-
posites was assessed. Ca and P lon releases were measured, The shrinkage stress of
the low-shrinkage-stress composite containing 3% DMAMDM and 20% NACP was
36% lower than that of traditional composite control (p < Q.05), with similar degrees
of conversion of 73.9%. The new composite decreased the biofilm colony-forming
unit by 4 log orders and substantlaly reduced blofim lactic acld production compared
to control composite (p < 0.05). Incorporating DMAHDM to the low -shrinkage-stress
composite did not adverssly affect the Ca and P ion release. A novel bicactive
nanocomposite was developed with low sheinkage stress, strong antiblofiim activity,
and high levels of ion release for remineralization, without undermining the mechani-
cal properties and degree of conversion.

KEYWORDS
antibiofiim, caldum phasphate nanoparticles, ion release, low shrinkage stress, nanocompasite

Palymerization shrinkage stresses of composites at the tooth-
restoration interface play a0 important role in secondary caries forma-
tion® These stresses can cause tion debonding, Interfacial
microcracks. and gaps  Therefore, the selection of composite mono-
mers and the prindipd polymerization mechanisms highly influence
the polymerization stress and, cor ntly, the longevity of the
restoration.”

J Blormed Mater Res. 2020111,

wieyurinelbrary com/jourrad fjbms © 2071 Wiky Periedicats LC | 1
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Novel low-shrinkage-stress nanocomposite with remineralization and
antibacterial abilities to protect marginal enamel under biofilm
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Novel rechargeable calcium phosphate
nanocomposite with antibacterial activity to
suppress biofilm acids and dental caries

Short title: Rechargeable calcium phosphate nanocomposite with antibacterial activity
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Abstract: (1) Background: The objective of this study was to develop a novel dental nanocomposite
containing  dimethylaminohexadecyl methacrylate  (DMAHDM), 2-methacryloyloxyethyl
phosphorylcholine (MPC), and nanoparticles of calcdum fluoride (nCaF;) for preventing
recurrent caries via antibacterial, protein repellent and fluoride releasing capabilities. (2) Methods:
Composites were made by adding 3% MPC, 3% DMAHDM and 15% nCaF? into bisphenol A
glycidyl dimethacrylate (Bis-GMA) and triethylene glycol dimethacrylate (TEGDMA) (denoted
BT). Calcium and fluoride ion releases were evaluated. Biofilms of human saliva were assessed.
(3) Results: nCaF;+DMAHDM+MPC compasite had the lowest biofilm colony forming units (CFU)
and the greatest ion release; however, its mechanical properties were lower than commercial control
composite (p < 0.05). nCaF,+DMAHDM composite had similarly potent biofilm reduction, with
mechanical properties matching commercial control composite (p > 0.05). Fluoride and calcium ion
releases from nCaF;+DMAHDM were much more than commercial composite. Biofilm CFU on
composite was reduced by 4 logs (r =9, p < 0.05). Biofilm metabolic activity and lactic acid were also
substantially reduced by nCaF2+DMAHDM, compared to commercial control composite (p < 0.05).
{4) Conclusions: The novel nanocomposite nCaF;+DMAHDM achieved strong antibacterial
and ion release capabilities, without compromising the mechanical properties. This bioactive
nanocomposite is promising to reduce biofilm acid production, inhibit recurrent caries, and increase
restoration longevity.

Keywords: dental nanocomposite; calcium fluoride nanoparticles; remineralization; antibacterial;
protein repellent; oral biofilm
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Design, synthesis and applications of core-shell,
hollow core, and nanorattle multifunctional
nanostructures

Ahmed Mohamed El-Toni, **® Mohamed A Habila © Joselito Puzon Labis,*¢
Zeid A ALOthman = Mansour Alvoshan,” Ahmed A. Elzatahry’ and Fan Zhang®

With the evolution of nanoscience and nanctechnclogy. studies have been focused on manpuising
nanopartcle properties through the control of their size, composition. and morphology. As naromatenal
research has progressed, te foremast focus has gradually shifted from synthess, mophology control
ardd character of properties to the Fwestigation of function and the utilty of integrting these
materials and chemical sciences with the physcal. biclogical and medical helds, which therefore necessi-
tates the development of novel matenals that are capable of performing multiple tasks and functions, The
construction of multifunctional nanomatenals that integrate two or mare functions into a Single gecmetry
has been achiewed through the surface-Ccouting technique. which created a rew class of substances
desgnared as core-shel nanopartches. Core-shell materials have growing and expanding applcaticns
due to the mukfurctionality that is achieved twough the dormation of mudtiple shels as well 33 the
manpulstion of core/thel materials. Moreover, core removal from core-shel-based structures offers
excellert opportunities to consruct mutifunctional hollow core Architectiunes that possess huge Storage
capacites, low dendties, and tunable optical properties. Furthermare, the fatwication of nanomaterials
that have the combined properties of a core-shell structure with that of a hollow cre has resulted in the
creation of & new and importart class of substances, known as the mattle core—shell nancparticles, or
nanoratties. The design straregies of these new multifunctional nanastructures jcore-shel, hollow core,
and ranonntie] are discussed in the Nirst part of this review. In the second part, diferent synthess and fab-
nication approaches for mudtifunctional core-shell hollow core-shell and rattie core—shell architectures
ae highlighted Firaly. in the last part of the article. the versatiie and diverse appications of thess
Nanoarchirectres in catalysis, energy storage, sensing, and bi dCine e pe d

1. Introduction

Recently, nanoparticles have increasingly gained attention
because of their remarkable properties that result from their
nano-dimensions. Continwous development in nanoparticle
research has been motivated by the search for new
applications, performance improvement, and combined nano-
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material functions (e, developing multifunctional nano-
materials), One method to accomplish these objectives is
through the coating of nanoparticles with one or mare layers
of other materials that have interesting properties. The sur-
rounding lager is called the shell, and the original nanoparticle
s named as the core, It has been discovered that the con-
structed liyer, or shell, can change the function and properties
of the original core. In other words, the core can exhibit new
chemical or catalytic reactivity with shell formation. In
addition, thermal stability or dispersibility can be improved by
growing such shells. In fact, nowel optical, magnetic and
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Abstract

Vesicle templated polymerization has developed into a mature research area over the last 35 years.
The main purpose of this approach was to produce hollow polymeric nanocapsules from low-cost
chemicals, utilizing a simple emulsion polymerization like process. Over the years understanding of
the different varieties of the approach has grown. In retrospect, the characterization methods
utilized to determine the morphologies are essential to draw the right conclusions. In this review,
first, an overview of the earlier attempts to produce nanocapsules with uniformous wall thickness
will be given, looking at the results with the current understandings, greatly enhanced by
quantification of the different morphologies through cryo-TEM images. The latest approach,
reactive oligomer assisted transcriptive synthesis, seems to be able to fulfill the initial purpose and
almost 100% of nanocapsule morphologies can be formed under the right conditions.

Introduction

Vesicle templated polymerization has been studied for over 35 years now, starting with the work of
Murtagh and Thomas! (starting in 1986) and the group of German? (starting in 1993). The purpose
of these studies in terms of applications would be to prepare nanocapsules that could be used in
controlled release of drugs and fragrances for example. Utilizing readily available synthetic
chemicals like vesicle forming surfactants (e.g. dioctadecyldimethyl ammonium bromide or
chloride, DODAB, DODAC) and simple monomers (e.g. styrene, acrylics etc.), deploying an emulsion
polymerization like process would open an avenue to large scale and low costs production of
polymeric nanocapsules. In this review we focus on this particular route. With the recent insights
in factors influencing the outcome of these polymerizations and systematic studies of the resulting
particle morphologies, in retrospect, a lot of the results can now be better understood. Utilizing the
vesicle templates as reaction media, polymerizing inside the hydrophobic domain, is called
morphosynthesis. Morphosynthesis has been studied through free radical polymerization® and
silica formation inside the bilayer®.

Besides utilizing vesicles as a template, also solids particles and other structures can be utilized®.
The main reason why vesicle templated polymerization are attractive is that the template itself does
not need to be removed after polymerizations.

Utilizing the interface between the vesicle template and the solution as a specific site for the growth
of material from solution is called transcriptive synthesis. Besides organic polymerizations®, also
inorganic polymerizations, in the form of deposition of silica during hydrolysis and condensation
from silicon alkoxides has been performed onto vesicles’. Furthermore, transcriptive synthesis has
been performed through the RAFT oligomer approach®. We coined these latter two approaches
reactive oligomer assisted transcriptive synthesis (ROATS).

Over the years it has become more and more evident that the characterization of the resulting
morphologies is often challenging, both from the very first papers? and the more recent papers®.
Furthermore, the preparation of the vesicle template? itself and intermediates in the case of
transcriptive synthesis via the RAFT-oligomer approach!” and its relation to the final particle
morphology only now seem to be better understood® 1.
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Article history: Objective. The core-shell chlorhexidine: phous calcdum phosphate (CHX/ACP) nanopar-
Received 15 August 2020 ticles were synthesized and used to modify the dental resin P iming to imp
Received in revised form its remineralized and antibacterial properties.
10 January 2021 Methods. The core-shell CHX/ACP nanoparticles were synthesized by vesicle-templating
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Remineralized properties antbacterial experiment of the modified resin compasite with fresh preparation or aging in
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Chlorhexidine Results. The physical and chemical ch tions showed that the synthesized nanopar-
ticles presented a core-shell structure, and their diameter was about 985 nm. The shell was
composed of ACP with the core full of CHX. These particles had a rel effect on

calcium, phesphate jons, and CHX. The nanoparticles could effectively inhibit the growth
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sson, the water absorption, the solubility, the flexural strength, the flexural modulus, and
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Siver phosphate & a seml Tor to UV-Vis radiation (<530 nm). Exp o rads

electrons from the oxygen valence shell, which are scavenged by silver cations [Ag* ), formung mesallic sitver
(Ag") namoparticles. The possibility of siver nanopartiche tnmanon insiubya pbmmdumon process was
the basis for the application of mixed calcium phosphate/sitver p sches as remi & and anti-
bacterial fillers in resin-bassd dental materials, Mixed phosphate partiches m synthesiced, (Mrodmad and

mww added 1o a damethacrylate resin in 2000 or 30% mass fractions to investigate their efficacy as ion-releasing fillers
Sitver phiphate for dental remineralization and antibactenial activity. The formation of metallic sitver nanopartiches after expo-
X-cay dillracticn sure to visible radiation from a dental curmg unit (peak emission: 470 nm) was demonstrated by particle X-
lea release ray diffraction and scanning edectron microscopy analysis of the composite fi d surface. Calcium and phos-
Artibacterial phate releass from materials contaiming the mixed particles were similar to those contaimmg pure CaP particles,
whereas Streploceccus matans colonies were reduced by three orders of magnitode in relation to the control,
which can be attributed to silver refease. As expected, the optical properties of the materials contaming mived
hosphate particles were ised by Uhe presence of sitver, Nevertheless, materials containing mixed phos-

ph* particles presented higher fracture strength and elastic modalus than those with pure CaP partiches
© 2017 Blsevier BV, All rights reserved.
1. Introduction Dimethacrylate-based composites have become the material of

Dental caries is a multi-factorial infectious disease that leads to irre-
versible Joss of the mineralized tooth structure. Its treatment indudes
the removal of affected tooth structure and subsequent restoration of
cavitated lestons to arrest their progression and re-estabiish both the
original tooth anatony and its masticatory function. In some cases, it
is also important that the restorative material mimics the optical behav-
ior of the surrounding tooth structure for aesthetic reasons. Recent epé-
demiological data shows that untreated caries leslons in permanent
teeth represent the most prevalent health condition worldwide, affect-
Ing 2.4 billlon people |1}
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choice for cavity restorations due to their handling characteristics, me-
chanical properties and optical behavior. However, these materials
have a higher tendency to accumulate biofilm in comparison to natural
enamel, ceramics and silver amalgam [2,3]. which Increases the risk of
new carles leslons at the tooth restoration interface and, consequently,
restoration failure [4-6). In order to reduce the incidence of secondary
caries around composite restorations and extend their service life, sev-
eral research groups have investigated ways to introduce reminerakzing
and/or antibacterial capabilities into resin-based compasites [7-13)
Calcum orthophosphate particles used as bloactive fillers in resin-
based composites were shown to remineralize non-cavitated enamed
lesians [8,14,15] and demineralized dentin [ 16-18], and postpone the
development of caries lesions in the presence of biofilm [19)]. Unfortu-
nately, the incorporation of calcium orthophasphate particles in resin
matrices has drawbacks First, the resulting materials have poor
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properties of new dental bicactive and antibacterial composites are presented n this
work. The new composites have been microstructurally characterized and both long and
short term properties have bean studied.

Methods: The Ag-doped sol-gsl derived bioactive glass (Ag-BG) was incorporated
nto resin compaosite in concentrations 5, 10, and 15 wt.%, to fabricate new Ag-doped
bioactive and antibacterid dental composites (Ag-BGCOMP). The microstructural
properties and elemental analysis of the developed Ag-BGCOMP was observed. The
total bond strength (TBS) was measured mmediately and after long term of immersion
n medium usng microtensie testing. The capakbility of Ag-BGCOMPs to form apatite
layer on their surface after mmersion in Smulated Body Fuid (SBF) as well as the
bacteria growth inhibition in a biofilm formed by Streptococcus mutans (S. mutans) were
evaluated.

Results: Homogenecus dstribution of Ag-BG particles nto the resin composite
was observed microstructurally for al Ag-BGCOMPs. The TBS measurements
showed non-statistically significant difference betwesn control samples (Ag-BG 0
wt.%) and Ag-BGCOMP specimens. Moreover, the total bond strength between
the surounding tooth tissue and the materal of restoration does not present
any statisticaly significant change for all the cases even after 3 months of
mmersion in the medium. The bioactivity of the Ag-BGCOMPs was also shown
by the formation of a calcium-phosphate layer on the surface of the specimens
after immersion in SBF. Antbacteral activity was observed for all Ag-BGCOMPs,
statistically significant differences wers observed between control samples and
Ag-BGCOMPs. Accordingly, the number of dead bactera in the biofilm found to
increase significantly with the increass of Ag-BG concentration in the Ag-BGCOMPs.
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Abstract: Flowable resins used for dental restoration are subject to biofilm formation. Zinc has
antibacterial properties. Thus, we prepared a zinc-doped phosphate-based glass (Zn-PBG) to dope a
flowable resin and evaluated the antibacterial activity of the compaosite against Streptococcus mutans
(S. mutans) to extrapolate the preventative effect toward secondary caries. The composites were
prepared having 0 (control), 1.9, 3.8, and 54 wt.% Zn-PBG. The flexural strength, elastic modulus,
microhardness, depth of cure, ion release, inhibition zone size, and number of colony-forming units
were evaluated and analyzed using ANOVA. The flexural strength of the control was significantly
higher than those of Zn-PBG samples (p < 0.05). However, all samples meet the International Standard,
150 4049. The microhardness was not significantly different for the control group and 1.9 and 3.8 wt.%
groups, but the 5.4 wt.% Zn-PBG group had a significantly lower microhardness (p < 0.05). Further,
the composite resins increasingly released I, Ca, Na, and Zn ions with an increase in Zn-PBG content
(p < 0.05). The colony-forming unit count revealed a significant reduction in S. mutans viability
(p < 0.05) with increase in Zn-PBG content. Therefore, the addition of Zn-PBG to flowable compaosite
resins enhances antibacterial activity and could aid the prevention of secondary caries.

Keywords: dental restoration; flowable resin composite; antibacterial; plaque prevention; biofilm;
zinc; bioglass; bioactive material; tooth remineralization

1. Introduction

Flowable resin composites have been clinically proven to be an effective dental treatment over
the last 60 years are a popular restorative material in dentistry because of the good flowability and
color, which is similar to that of natural tooth enamel [1,2]. Howable resin compaosites have a diverse
variety of applications, including preventive resin restoration, pit and fissure sealing, restoration
repair, and cavity lining [3]. Although flowable composite resins have shown long-term clinical
success, they tend to accumulate more bacteria and dental plaque than enamel and other restorative

Nasoesaterials 2020, 20, 2311; dol:10.3330nan010112311 www. mdpl.com/josrnalnanomaterials
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