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Resumen

Introduccion: Desde la introduccién del CAD-CAM en odontologia en 1971, se habla del
concepto de workflow digital. Hoy dia, gracias a los enormes avances tecnoldgicos, disponemos de
sistemas “in-office”, también conocidos como chairside, que, juntos a materiales ceramicos en
continua transformacion, nos permiten proporcionar restauraciones protésicas de elevada calidad.
Se puede decir que las porcelanas dentales ya han reemplazado a la metal-ceramica, debido al
aumento de demanda de protesis altamente estéticas y biocompatibles. Asimismo se ha
incrementado la produccion chairside de reconstrucciones monoliticas, las cuales, cada vez mas,
presentan propiedades similares a las multicapas. Objetivos: El objetivo del estudio consistio en
la investigacion de las ceramicas dentales CAD-CAM. Metodologia: La presente investigacion se
realiz6 en base a una extensa revision bibliogréfica, utilizando Medline, Pubmed y la biblioteca
online de la Universidad Europea. Ademas se visitd la pagina web de cada casa comercial para
identificar sus materiales ceramicos. Conclusion: Las porcelanas CAD-CAM disponibles hoy dia
para sector anterior son las feldespaticas puras y reforzadas con leucita / circonia, el silicato de litio
reforzado con circonia y el disilicato de litio. Mientras que para sectores posteriores encontramos
especialmente el 6xido de circonio y las nanoceramicas. Las restauraciones monoliticas a menudo
se utilizan mas, sin igualar todavia a igualar la estética de las multicapas. Las investigaciones han
demostrado resultados muy prometedores, pero ain son necesarios mas estudios para que éstas
Ileguen a ser la primera opcién terapéutica. Palabras clave: ceramicas dentales, CAD-CAM,

odontologia protésica, prétesis, restauraciones protésicas, rehabilitacion digital.



Abstract

Introduction: Since the introduction of CAD-CAM in dentistry in 1971, has been introduced the
concept of digital workflow. Today, thanks to enormous technological advances, we have “in-
office” systems, also known as chairside, that, side by side with constantly innovated ceramic
materials, allow us to provide high-quality prosthetic restorations. It can be said that dental
porcelains have already replaced metal-ceramic, due to the increase in demand for highly aesthetic
and biocompatible prostheses. Likewise, the chairside production of monolithic reconstructions
has increased, which, more and more, have properties similar to multilayers ones. Objectives: The
aim of this research was to investigate dental CAD-CAM ceramics. Methodology: The present
research was carried out based on an extensive bibliographical review, using Medline, Pubmed and
the online library of Universidad Europea. In addition, the website of each commercial house was
visited to identify their ceramic materials. Conclusion: The CAD-CAM porcelains available today
for the anterior sector are the pure feldspathic and reinforced with leucite / zirconia, the lithium
silicate reinforced with zirconia and the lithium disilicate. While for posteriors sectors we find
especially zirconium oxide and nanoceramics. Monolithic restorations are used more frequently,
not yet reaching the same level of aesthetics as multilayers. Research has shown very promising
results, but further studies are needed for these to become the first therapeutic option. Keywords:
dental ceramics, CAD-CAM, prosthetic dentistry, prosthodontics, prosthetic restorations, digital

rehabilitation.
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Introduccién

Todos los dentistas conocen la enorme labor que esta detras de cada restauracion protésica.
Empezando por la impresion de un diente tallado, se obtiene un modelo en escayola desde el cual
se podra realizar la restauracion deseada. Debido al importante trabajo manual que conllevan los
métodos de fabricacion tradicionales, se requiere mucho tiempo y pueden introducir errores en el
resultado final. (1, 2)

Siguiendo los avances robéticos y tecnoldgicos, toda rama de la medicina se ha adaptado a utilizar
maquinas y software para tratar de agilizar los tiempos y mejorar los tratamientos. Por eso en 1971
se introdujo en odontologia la tecnologia CAD-CAM (computer-aided design - computer-aided
manufacturing). Se descubri6 que era posible efectuar clasicos procedimientos manuales a través
de ordenadores, eso si con la ayuda de varios ingenieros informaticos y horas de disefio electrénico.
Sucesivamente Heitlinger y Rodder en 1979 y Moérmann y Brandestini en 1980, amplian los
estudios acerca de este campo. (1, 3)

En estas épocas de revolucion tecnolégica también se pudo ver el incremento simultaneo de los
materiales ceramicos disponibles. Segin sus composiciones se diferencian en varias tipologias, con
la finalidad de restaurar todo tipo de situacion clinica: con matriz vitrea para zonas mas estéticas,
policristalinas (que no contienen fase vitrea) como estructura interna por sus mejores propiedades
mecanicas 0 con matriz de resina para solucionar problemas de fragilidad. (2)

Gracias a los afios de investigacion y ensayos acerca del CAD-CAM en odontologia, se ha
demostrado su enorme aporte, tanto para los técnicos como para los clinicos. Los sorprendentes
avances en dicha area no so6lo permiten ahorrar materiales (alginato, silicona, escayola, ceras, etc.)

y tiempo, si no que también se obtienen mejores detalles de las restauraciones protésicas. (2)



Pensar lo mucho que ha evolucionado esta tecnologia puesto que el primer prototipo de protesis
dental CAD-CAM de la historia fue desarrollada por Duret en 1983. En noviembre del ’85, en el
congreso de la Association dentaire francaise (ADF) mostro su sistema creando, en menos de una
hora, una corona posterior para su mujer. (1, 3)

Por medio de escaneres intraorales ya no nos hace falta tomar impresiones tradicionales. En pocos
minutos se obtiene un modelo virtual (3D) en formato STL (Streolitography / Standard triangle
language) en el ordenador, donde se puede planificar la restauracion, elegir el material mas apto y
con un click tenerlo listo en menos de una hora directamente en la consulta (chairside). Este
procedimiento es un flujo totalmente digital (digital workflow) mas cominmente conocido como
“chairside” es decir elaborado “in-office” en la misma clinica dental, en tiempos considerablemente
reducidos, normalmente en una Unica cita. (3, 4)

Obviamente esto no sera posible en cualquier circunstancia, de todos modos el hecho de tener
bibliotecas digitales con todos los materiales que se pueden utilizar ha revolucionado el modo de
trabajar de los odont6logos y de los técnicos. (1, 2)

Las opciones disponibles para la fabricacion CAM son fundamentalmente dos: produccion por
sustraccion o por adiccién. (5) La primera, y mas cominmente utilizada, se lleva a cabo a través el
fresado de un bloque (Figura 1) o disco de cerdmica previsto de un especial mango para su sujecion,
especifico para cada tipo de fresadora (Figura 2). (6)

Mientras que la fabricacion aditiva es el proceso de oposicion de materiales capa por capa,
normalmente a través de una impresora 3D (Figura 3). La Sociedad Estadounidense de Pruebas y
Materiales (American Society for Testing and Materials, ASTM) la ha clasificado en siete

diferentes tecnologias: estereolitografia (SLA), inyeccion de material (MJ), extrusion de material



(ME), inyeccion de aglutinante (BJ), fusién a base de polvo (PBF), estratificacion de hojas (SL) y

deposicion de energia directa (DEP). (10, 11)
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Figura 2. Fresadora CEREC MC X2 Figura 3. Dos tipos de impresoras 3D (de

(Dentsply Sirona, York, Pensilvania, EE.UU.) izquierda a derecha: NewPro 3D, Vancouver,
(8) Canada; Formlabs, Somerville, Massachusetts,
EE.UU.) (9)



Serd muy importante la seleccion del material cerdmico y, puesto que hoy en dia disponemos de
amplias alternativas, hay que conocer atentamente las caracteristicas de cada uno de ellos para
conseguir un resultado clinico cuanto mas predecible.

Ya ha pasado la época de la metal-ceramica, considerada el gold-standard por sus resultados y por
haber sido la mas estudiada e investigada. Ahora hay total confiabilidad en las ceramicas integrales,
debido a que han mejorado desde que vieron su incipit con las porcelanas aluminosas por John
McLean en 1965. (12)

Con la introduccion de la circonia cada vez se habla menos de la alimina. El 6xido de circonio es
un material muy resistente, que a lo mejor deja pasar poca luz, pero apto a cubrir todos los roles
de la restauradora, desde la corona unitaria anterior, hasta la posterior, asimismo puentes extensos
y eventuales pilares implantares. (2, 12) Por otro lado esta el disilicato de litio, un material
extremadamente ductil, excelente desde el punto de vista estético especialmente en el sector
anterior, pero utilizable sobre todo para restauraciones unitarias. (12)

Debido al aumento de demanda por parte de los pacientes de restauraciones sin metal,
biocompatibles, mas resistentes y sobre todo mas miméticas, se vio el incremento de materiales
que respetaban estas caracteristicas. (13, 14) Contemporaneamente al gran nimero de ceramicas
que se sacaron a la venta, salieron articulos de investigacion sobre éstas y a la vez varias
clasificaciones. Segun el articulo de Gracis et al. (12) “A new classification system for all-ceramic
and ceramic-like restorative materials” (2015), tedricamente, se tendria que utilizar un sistema de
taxonomia para decisiones clinicas pertinentes a los siguientes aspectos: sitio de empleo del
material (anterior vs. posterior), tipo de restauracion (parcial vs. total, tramo corto vs. tramo largo),

tipo de cementado (tradicional vs. adhesivo).
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Por ejemplo, una clasificacion ampliamente utilizada es la de Kelly y Benetti (14) que ordena las
ceramicas segun el contenido de vidrio: (1) materiales predominantemente vitreos, (2) vidrios
Ilenos de particulas (y ceramicas vitreas) y (3) ceramicas policristalinas en las que no hay vidrio.

(12) Mientras que la clasificacion de Gracis (12) se estructura de la siguiente forma:

(1) Ceramicas de matriz vitrea: (1.1) feldespaticas (ej. CEREC Blocs C, Dentsply Sirona; de
leucita IPS Empress CAD, Ivoclar Vivadent), (1.2) sintéticas (ej. de disilicato de litio IPS
e.max CAD, Ivoclar Vivadent), (1.3) laminado de vidrio (ej. de alumina In-Ceram Alumina,
VITA Zahnfabrik).

(2) Ceramicas policristalinas: (2.1) alumina (ej. Procera AllCeram, Nobel Biocare), (2.2) circonia
estabilizada (ej. NobelProcera Zirconia, Nobel Biocare), (2.3) alumina endurecida con circonia
(ZTA), (2.3) circonia endurecida con alumina (ATZ).

(3) Ceramicas de matriz de resina: (3.1) resinas nanoceramicas (ej. Lava Ultimate, 3M ESPE),
(3.2) nanoceramicas con resina (ej. VITA ENAMIC, VITA Zahnfabrik), (3.3) ceramicas de

circonia-silice en matriz interpenetrante de resina.

Otras clasificaciones no incluyen a las nanoceramicas, como es el caso de las reportadas por Butt
et al. (15) y Galante et al. (16). De todos modos éstas se reconocen como porcelanas no obstante
una parte de su composicion lleve composite. (12, 14, 17)

Con respecto a los diferentes materiales cerdmicas CAD-CAM encontramos la taxonomia de
Sulaiman (17) de 2020. En ella se describen las porcelanas de la siguiente forma: (1) Ceramicas /
resinas infiltradas (ceramicas hibridas): (1.1) matriz de polimero infiltrada con particulas de relleno
ceramico (ej. Lava Ultimate, 3M ESPE), (1.2) red ceramicas infiltrada con un polimero (ej. VITA
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ENAMIC, VITA Zahnfabrik); (2) Cerdmicas de silicato: (2.1) feldespatica, (2.2) reforzada con
leucita, (2.3) disilicato de litio; (3) Ceramicas de 6xido o policristalinas: (3.1) 6xido de aluminio,
(3.2) 6xido de circonio (3 mol% de policristales de circonia tetragonal con itrio (3Y-TZP), 4 mol%
de circonia parcialmente estabilizado con itrio (4Y-PSZ), 5 mol% de circonia parcialmente
estabilizado con itrio (5Y-PSZ)).

Puesto que la mayoria de clasificaciones incluyen a porcelanas de matriz vitrea, policristalinas y

matriz de resina, el siguiente estudio tratara acerca de todas ellas.

Las ceramicas mas utilizadas en odontologia con tecnologia CAD-CAM

Desde la revision de 7 articulos (2, 12-17) ha sido posible identificar las principales porcelanas
para restauraciones protésicas moldeables tramite tecnologia CAD-CAM.

Las ceramicas de matriz vitrea se dividen segin su composicion. Pueden llevar mayor
concentracion de leucita como por ejemplo Ivoclar Porcelain System (IPS) Empress CAD (lvoclar
Vivadent, Liechtenstein) o contener disilicato de litio como IPS e.max CAD (lvoclar Vivadent).
Otras se componen de silicato de litio reforzado con circonia (ej. VITA SUPRINITY PC, VITA
Zahnfabrik, Alemania; Celtra Duo, Dentsply Sirona, EE.UU.). (2, 12, 14-17)

En contraposicion encontramos las porcelanas policristalinas que actualmente llevan casi todas
oxido de circonio (mas comdnmente conocido como circonia o circona), por ejemplo: InCoris ZI
(Dentsply Sirona), Initial Zirconia Disk (GC Europe, Bélgica), IPS e.max ZirCAD (lvoclar
Vivadent), Katana Zirconia Block (Kuraray Noritake, Japdn), NobelProcera Zirconia (Nobel
Biocare, Suiza), VITA YZ (VITA Zahnfabrik, Alemania), Lava Plus Zirconia (3M ESPE,

EE.UU.). (2,12, 14-17) Las predominantemente aluminosas (ej. Procera AllCeram, Nobel Biocare;
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In-Ceram AL, VITA Zahnfabrik), hoy dia practicamente ya no se utilizan debido al aumento de
popularidad de las circoniosas. (2, 12, 15)

Con respecto a las porcelanas de matriz de resina encontramos tanto nanoceramicas (ej. Katana
Avencia Block, Kuraray Noritake; VITA ENAMIC, VITA Zanhfabrik) como ceramicas hibridas
(ej. SHOFU Block HC, SHOFU Dental GmbH; Lava Ultimate, 3M ESPE). (12, 14-17) Se
diferencian dependiendo de su composicion, no obstante esto para generalizar se pueden Ilamar

tanto de una como de la otra forma. (17)

Después del andlisis de estos 7 articulos (2, 12-17) se han apuntado las principales casas
comerciales que proporcionan ceramicas al mundo de la odontologia digital y junto a ellas los tipos
de porcelanas CAD-CAM que comercializan en la actualidad (Tabla 1). La clasificacion utilizada

es la de Gracis (12).

Tabla 1: principales casas comerciales y las ceramicas CAD-CAM que comercializan.
CASA (1) Matriz vitrea (2) Policristalinas (3) Matriz de resina
COMERCIAL
Dentsply Sirona, | - Feldespatica (CEREC |- Circonia NP
York, Blocs C)* translicido
Biensdlbaimte, Estratificacion precoloreado
EE.UU. (18) policromatica (Cercon, CEREC

(CEREC Blocs C PC)* Zirconia*, CEREC

Vidrio de silicato -Z1rcor.11a meso’,

(CEREC Blocs G Tn)r | nCoris TZIC)

Disilicato de litio | -ATeonia

reforzado con translicido (inCoris

circonia (Celtra Duo)* Tz1y

- Circonia (inCoris
ZI)*

13




Tabla 1: principales casas comerciales y las ceramicas CAD-CAM que comercializan.

CASA (1) Matriz vitrea (2) Policristalinas (3) Matriz de resina
COMERCIAL
GC Europe, Feldespato reforzado Circonia (Initial Nanocerdmica
Leuven, Bélgica |con leucita (Initial LRF | Zirconia Disk) (CERASMART,
(19) Block)* CERASMART?270)*
Ivoclar Vivadent, | - Disilicato de litio (IPS | Circonia (IPS e.max | NP
Schaan, e.max CAD)* ZirCAD)*
Lizebizns e - Feldespato reforzado
(20) con leucita (IPS
Empress CAD)*

Merz dental NP - Circonia (M-ZR NP
GmbH, multilayer HT, M-
Liitjenburg, ZR multilayer HT+,
Alemania (21) M-ZR multicolor

ST, M-ZR color

HT, M-ZR white

HT)
Kuraray NP - Circonia (Katana Nanoceramica (Katana
Noritake, Zirconia Block)* Avencia Block)*
Kol Jejptin - Circonia (Katana
(22) Zirconia)
Nobel Biocare, | NP Circonia tetragonal NP
Zurigo, Suiza estabilizada con itrio
(23) (NobelProcera

Zirconia, Nacera Pearl
Shaded)

SHOFU Dental |NP Circonia de alta - Ceramica hibrida
GmbH, translucidez (SHOFU (SHOFU Block HC)*
Ratinger'l, Disk ZR Lucent) - Cerdmica hibrida
alemanial(22) (SHOFU Disk HC)
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Tabla 1: principales casas comerciales y las ceramicas CAD-CAM que comercializan.

CASA (1) Matriz vitrea (2) Policristalinas (3) Matriz de resina
COMERCIAL
VITA - Feldespatica Circonia (VITA YZ)* | Nanocerdmica (VITA
Zahnfabrik, Bad (VITABLOCS Mark ENAMIC*, VITA
Sackingen, I)* ENAMICS, VITA
Alemania (25) - Estratificacién ENAMIC multiColor)

policromatica

(VITABLOCS

TriLuxe forte,

VITABLOCS

RealLife)*

- Disilicato de litio

reforzado con

circonia (VITA

SUPRINITY PC)
3M ESPE, St. NP - Circonia (Lava Plus | Cerdmica hibrida
Paul, Minesota, HT Zirconia Disc, | (Lava Ultimate)*
EE.UU. (26) Lava Zirconia

Blocks*)
- Circonia

fluorescente (3M
Lava Esthetic
Fluorescent Full-
Contour Zirconia
Disc)

- Circonia (3M
Chairside
Zirconia)*

Abreviatura: NP (no produce)
* Disponible para chairside
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Objetivos
« Objetivo principal:

-~ Investigar las ceramicas que se procesan con tecnologia CAD-CAM disponibles hoy en dia para

restauraciones protésicas: indicaciones, ventajas, desventajas.

Objetivos secundarios:
- Exponer las indicaciones de las ceramicas CAD-CAM vy explicar sus ventajas y desventajas.
- Comparar el uso de las ceramicas dentales CAD-CAM: monoliticas vs. estratificadas.

= Indicar todas las porcelanas CAD-CAM fabricadas por las distintas casas comerciales, sus

indicaciones y ventajas.
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Metodologia

Este estudio se llevo a cabo a partir de una exhaustiva revision bibliografica de la literatura acerca
de las ceramicas CAD-CAM disponibles para restauraciones protésicas.

Durante el procesamiento de los datos, que principalmente ha sido tramite Medline, PubMed y la
Biblioteca CRAI digital de la Universidad Europea de Madrid, ha sido empleada una unica
ecuacion de busqueda, relacionando los términos utilizados a través de operadores booleanos:
DENTAL CERAMICS AND ((CAD-CAM) OR (prosthetic dentistry) OR (prosthodontics)
OR (prosthetic restoration) OR (digital rehabilitation)).

Durante la seleccion de las referencias bibliograficas, desde luego se prestd atencion a las fechas
de publicacion, de todos modos se decidié que no hubiera limites de antigiedad. De hecho la
bibliografia se divide de la siguiente forma: 10 paginas web, 14 articulos mas antiguos de los
altimos 5 afios (7 de estos de 2015) y 36 articulos con fecha de publicacion entre 2016-2020.

Han sido criterios de inclusion: pertenecer a revistas de alto impacto, presentar resultados clinicos
relevantes, incluir informacion acerca de ceramicas dentales CAD-CAM.

Han sido criterios de exclusion: aportar Unicamente datos sobre materiales de resina y/o

composites, evitar la odontologia digital y el CAD-CAM.

Sucesivamente a una exhaustiva investigacion, las ceramicas incluidas en esta bdsqueda
bibliogréafica han sido seleccionadas de la siguiente forma: se han comprobado los materiales en la
pagina oficial de su propia casa comercial y s6lo se han reportado los que cumplian las

caracteristicas del trabajo.
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Discusion

En este trabajo se ha decidido dividir las porcelanas en dos grupos. Ambos utilizan tecnologia
CAD-CAM, pero los tiempos para finalizar la restauracion son diferentes.

Han sido clasificados segun su preparacion: uno comprende todas las cerdmicas monoliticas (Tabla
2), tanto chairside como no, el otro incluye todas la porcelana utilizadas para formar la estructura
del nucleo interno mecanizado y la capa de recubrimiento.

Para analizar algunos de los principales materiales disponibles se han consultado las paginas
oficiales de las 9 casas comerciales reportadas en la Tabla 1. (18-26) Puesto que cada dia un numero
mas alto de prostodoncistas y protésicos utiliza un workflow digital, los fabricantes se han adaptado
dedicando apartados especificos en sus sitios web a la exposicion de los productos CAD-CAM. A
causa del hecho que la informacién exhibida es voluble, escasa y con tendencias a hacer parecer
su producto como el mejor, ha sido indispensable objetivar este trabajo recurriendo a la literatura.
Puesto que ésta revision bibliografica esta centrada en los materiales cerdmicos, no se habla en
ninguin momento de composites ni de resinas (puesto que ha sido criterio de exclusion), no obstante
estén presentes en el mercado para su fabricacion CAD-CAM. Los unicos materiales englobados
que incluyan partes de resina son las ceramicas hibridas, también conocidas como nanoceramicas.
Es cierto que los métodos sustractivos utilizados en la practica clinica y de laboratorio para
produccidén de restauraciones protésicas han sido considerablemente estudiados. Estos presentan
una variedad generosamente amplia de materiales disponibles. De todos modos exhiben las
siguientes desventajas: desperdicio cuantioso de material, didmetro limitado de las fresas,
fabricacion mas lenta (por ej. respecto a la estereolitografia), necesidad de acabado manual por

culpa de las rugosidades dejadas por el fresado. (27)
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Modernamente también se habla mucho de la metodologia de fabricacién por adiccién. Este
método ha sido introducido directamente en la clinica dental para varias aplicaciones como por
ejemplo confeccionar restauraciones implantosoportadas. (27, 28) Todavia la eleccion de
materiales es muy restringida. Los mas utilizados son los polimeros que s6lo se emplean para
provisionales o para modelos de trabajo. Aun no se utilizan ceramicas dentales para restauraciones
protésicas a través de esta tecnologia. (16) Sin embargo la circonia estéa disponible para procesado
sustractivo y aditivo. (29) De todos modos, los objetos desarrollados por técnica aditiva en campo
dental estan bajo investigacion para poder mejorar la calidad del acabado de superficies, las
propiedades mecanicas y la precision dimensional final. (16, 29)

Es notorio y esta demostrado que los recursos sustractivos y aditivos mejoran la comunicacion
entre el odontologo, el técnico y el paciente, asimismo pueden llevar a aumentar la eficiencia 'y la
previsibilidad de tratamientos cerdmicos monoliticos. (27)

Como se ha dicho anteriormente ha sido necesario reunir el conocimiento de 7 referencias (2, 12-
17) para llegar a definir, y asi analizar, algunas de las principales casas comerciales productoras de
porcelanas odontoldgicas. Esto porque ninguno de los articulos incluidos en la bibliografia trata la
totalidad de materiales incorporados en este trabajo. Por ejemplo en el estudio de Sulaiman (17) se
analizan varios tipos de ceramicas disponibles, hablando de la composicion y de las propiedades
de los distintos materiales. No obstante describa algunos de los mas conocidos no hace ninguna
referencia a las porcelanas fabricadas por Nobel Biocare.

Pyo et al. (28) limitan su revision acerca de dos porcelanas (circonia y dislicato de litio), dejando
atras todas las demas opciones disponibles en el mercado digital. Es verdad que las ceramicas
expuestas son entre las mas populares, pero un odontélogo no tiene que limitar sus alternativas
restauradoras a unos pocos elementos, si no que debe de buscar el material mas apto en cada
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situacion clinica. La revision llevada a cabo por Spitznagel et al. (30) en 2018 expone muy al
detalle las varias opciones restauradoras disponibles para fabricacion CAD-CAM. No obstante se
haga referencia a las principales porcelanas y a varios nombres comerciales conocidos, no se llegan
a mencionar en ningn momento las vitroceramicas reforzadas con circonia (ej. Initial Zr-FS, GC
Europe). De todas formas es cierto que, entre estas 9 casas comerciales, la Unica en fabricar y
distribuir este tipo de porcelana es GC Europe (Leuven, Bélgica).

Otros autores que tampoco consideran apropiado mencionar este tipo de material son Sulaiman
(17) y Pyo et al. (28). Pues entonces se puede deducir que este “sub-grupo” de feldespaticas no es
tan utilizado en la actualidad.

Puesto que en la mayoria de la literatura cientifica las porcelanas mas frecuentemente examinadas
son el disilicato de litio y la circonia, es cierto que también son las mas comiunmente utilizadas en
la préctica clinica.

Otros materiales muy empleados por sus propiedades elasticas y facilidad de reparacion son las

ceramicas hibridas, sobre todo colocadas como revestimiento en restauraciones estratificadas.

Tipos de ceramicas y restauraciones protésicas: caracteristicas principales

e Ceramicas de matriz vitrea

1. Feldespética

Es una cerdmica no metélica inorganica que contiene mucha fase vitrea (feldespato, cuarzo y
caolin) lo que le confiere translucidez (estética). También esta compuesta por una parte cristalina,
pero en un porcentaje mas bajo por lo que presenta una limitada resistencia (c0: 118,65 MPa

verificada por VITABLOCS Mark I1). (27, 31) Puesto que en su composicion comprende 6xido de
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silice (cuarzo) la fuerza de adhesion al sustrato es mayor. Entre las principales porcelanas CAD-
CAM de feldespato puro en el mercado actual encontramos: CEREC Blocs C, CEREC Blocs C PC
y CEREC Blocs C In de Dentsply Sirona; VITABLOCS Mark 11, VITABLOCS TriLuxe forte y
VITABLOCS RealLife de VITA Zahnfabrik. Estos materiales presentan composiciones casi
iguales con distintos patrones de cristalizacién. Por ejemplo VITABLOCS Mark Il (VITA
Zahnfabrik) exhibe dos combinaciones (AlgK;NagO44Siy y AlK ,oNa, ;,05Si5), agregando los
mismos compuestos quimicos. (30, 32)

Debido a sus caracteristicas se utilizan fundamentalmente como revestimiento de un nucleo interno
mecanizado de alta resistencia (principalmente de disilicato de litio o de circonia), pero también
como coronas monoliticas y carillas. (18) Ambas partes de la restauracion se pueden fabricar a
través de fresadoras y sucesivamente, para fortalecer la unién entre ellas, es posible utilizar un
cemento de resina. (27)

La literatura confirma su alta tasa de supervivencia a largo plazo en restauraciones tales como:
inlays, onlays y coronas unitarias. (30, 33, 43) Estudios recientes, como el conducido por Lu et al.
(34), reportan ajustes marginales Optimos logrados por protesis chairside de porcelana

feldespatica.

2. Feldespéatica reforzada con leucita

De ceramicas con esta composicion en el mercado hay dos: Initial LRF Block (GC Europe), IPS
Empress CAD (lvoclar Vivadent). No obstante sea una porcelana de matriz vitrea reforzada, con
el fin de aumentar su firmeza, presenta una resistencia a la flexion biaxial de 185 MPa (segun el

fabricante), poco diferente de la demostrada por la literatura (187,7 MPa). (20, 30, 31)
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3. Feldespatica reforzada con circonia

Entre las 9 casas comerciales introducidas solo una proporciona este tipo de material. GC Europe
produce Initial Zr-FS indicada en todo tipo de restauracion, pero Unicamente finalizada para
recubrimiento de estructuras (especialmente de éxido de circonio). (19)

Debido a la escasa documentacion acerca de este material no ha sido posible aportar informacion

adicional.

4. Silicato de litio reforzado con éxido de circonio

Disponibles hoy en dia encontramos dos porcelanas de este tipo. Introducidas en 2013 para conferir
una fortaleza mas elevada respecto a las antecedentes feldespéticas: Celtra Duo (Dentsply Sirona)
y VITA SUPRINITY PC (VITA Zahnfabrik). (31) Se pueden utilizar para carillas, inlays, onlays,
coronas unitarias. (7, 18, 25)

Segun el fabricante estas porcelanas contienen un 10% en peso de particulas de circonio dispersas
y presentan una resistencia a la flexion de 360 MPa. (18, 25, 30) Un reciente estudio demostrd una
resistencia caracteristica o0 de 565,87 MPa para Celtra Duo y de 537,03 MPa para VITA

SUPRINITY PC. (31)

5. Disilicato de litio

El disilicato de litio es uno de los sistemas de ceramica sin metal mas populares del mundo, pero
entre todas las casas comerciales incorporadas en este trabajo, s6lo una lo comercializa. IPS e.max

CAD (Ivoclar Vivadent) contiene cristales de metasilicato de litio (Li,SiO3) al 40% y ndcleos

cristalinos (Li,Si,Os), asi estructurado para su optimizacion en restauraciones implantosoportadas

22



individuales. (27, 35) Sus indicaciones sobre diente e implante unitario van desde anteriores hasta
posteriores (limitdndose a premolares conforme el fabricante): carillas, inlays, onlays, coronas y
protesis fijas de 3 elementos (con méaximo de 1 pontico). (20, 30, 36, 37) Algunos estudios han
demostrado que no hay ninguna asociacioén entre complicaciones y tipo de diente restaurado
(premolar vs. molar). (37)

Estd comprobado que es una de las principales ceramicas de revestimiento, también se puede
utilizar como nucleo interno mecanizado, sin embargo gracias a sus caracteristicas ha llegado a ser
el material monolitico de eleccion para fabricacion chairside. (27, 30, 31, 37)

Su resistencia a la flexion biaxial segun el fabricante es de 530 MPa. (20) Mientras que un reciente
estudio ha demostrado una resistencia caracteristica c0 de 609,8 MPa. (30, 31) En su contra Aziz

et al. (37) afirman que, después de su completa cristalizacion, la resistencia a la flexion se queda

en 360 MPa. Ademas presenta una tenacidad a la fractura que va de 1,4 a 2,8 MPa-Ym, un médulo

de elasticidad de 95 GPa, una dureza de 5,8 GPa y un coeficiente de expansion térmica de 10,5

1079/K. (27, 38-40)

« Ceramica policristalina

1. Oxido de circonio

Es una ceramica introducida desde principios de los 90 que carece de fase vitrea. Sobre todo esta
compuesta por fase cristalina lo que le imparte mucha mas resistencia, pero menor estética
(translucidez). (41) Ademas se diferencia por tener una homogeneidad monocristalina densa, una

baja conductividad térmica y un bajo potencial de corrosion. (30) Por esto su rango de
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indicaciones es muy amplio (sobre dientes o implantes), siendo desaconsejado en sector anterior
y fundamentalmente utilizado como estructura interna en sector posterior. (18, 20-26, 41)
Algunas de las principales ceramicas CAD-CAM de 6xido de circonio son: CEREC Zirconia
(Dentsply Sirona), Initial Zirconia Disk (GC Europe), IPS e.max ZirCAD (lvoclar Vivadent), M-
ZR multilayer HT (MERZ Dental GmbH), Katana Zirconia Block (Kuraray Noritake),
NobelProcera Zirconia (Nobel Biocare), SHOFU Disk ZR Lucent (SHOFU Dental GmbH),
VITA YZ (VITA Zahnfabrik), Lava Zirconia Blocks (3M ESPE).

Por supuesto muchas de ellas estan disponibles para restauraciones monoliticas, asi como para
produccion chairside, pudiendo reemplazar un namero muy elevado de dientes (con un maximo
de 2 ponticos). (27)

Este material ha registrado un resistencia a la flexion comprendida entre 900-1200 MPa, una
tenacidad a la fractura de 9-10 MPa-Vm y, en un reciente estudio, ensefi6 resultados todavia mas
altos (c0: 1303,21 MPa). (30, 31)

La ceramica policristalina 3Y-TZP presenta las siguientes caracteristicas: resistencia a la flexién
biaxial (1010 MPa), tenacidad a la fractura (6,0 MPa-vm), médulo de elasticidad (220 GPa), dureza

(13,2 GPa) y coeficiente de expansion térmica (10,5 1075/K, igual al de disilicato de litio). (27)

e Ceramica de matriz de resina
1. Nanoceramica / Ceramica hibrida

Este tipo de ceramica fue ideada con el fin de solucionar determinados problemas: disminuir la
fragilidad y aumentar la elasticidad del material, asi como aliviar las repercusiones sobre el

antagonista (desgaste y abrasién) y la pobre durabilidad del color de los composites. (2, 4, 42)
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Algunas de las principales porcelanas hibridas son: CERASMART (GC Europe), Katana Avencia
Block (Kuraray Noritake), SHOFU Block HC (SHOFU Dental GmbH), VITA ENAMIC (VITA
Zahnfabrik), Lava Ultimate (3M ESPE). Varias presentan una red ceramica homogénea y
uniformemente distribuida. (30)

Es cierto que las ceramicas de matriz de resina se clasifican de la siguiente forma: (1) Compuestos
a base de resina polimerizada de alta temperatura (Resin-Based Composites, RBCs) con rellenos
dispersos y una fase predominantemente organica (ej. Lava Ultimate); (2) Materiales de red
ceramica infiltrada con polimero (Polymer-Infiltred Ceramic Network, PICN) de alta temperatura
/ alta presion con una fase predominantemente inorganica (ej. (VITA ENAMIC). (30, 43) Estan
indicadas para carillas, inlays, onlays y coronas unitarias. (19, 22, 24-26, 44)

Una nanoceramica muy conocida es Lava Ultimate, ésta contiene circonia-resina, mas en el detalle
se compone de silice dispersa y éxido de circonio en forma congregada y no congregada (80% en
peso, 65% en volumen) impregnadas en una resina de dimetacrilato. (7, 27, 30) Presenta una
resistencia a la flexion de 200 MPa y un modulo de Young de 12 GPa (similar a la dentina). (30)
Otro notorio material es VITA ENAMIC compuesto por: dimetacrilato de uretano (UDMA),
polimeros reticulados de dimetacrilato de trietilenglicol (TEGDMA) y una sutil red de ceramica
feldespatica (86% en peso, 75% en volumen). (30, 44) Su mddulo de Young esté alrededor de 30
GPay su resistencia a la flexion segun el fabricante es de 160 MPa. (25, 30, 44) Un reciente estudio

demostro un valor de resistencia caracteristica 60 de 193,45 MPa, relativamente mas elevado. (31)
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Ventajas - Desventajas

Como en todo, también en la odontologia digital hay “pros” y “contras”, y no obstante se lleve
empleando desde hace 50 afios, todavia necesita de investigaciones y mejorias para proporcionar
una mayor previsibilidad. (1, 3)

Es verdad que las indicaciones de las ceramicas CAD-CAM cada vez abarcan un nimero mas
amplio de posibilidades, pero problemas como insuficiente espacio protético o bruxismo, aun
imponen algunos limites. Ademas ha sido demostrado que en las restauraciones protésicas se
pueden manifestar con mas frecuencia problemas bioldgicos respecto a complicaciones técnicas.
(37) Otro asunto relacionado con estas porcelanas es si influye el tipo de escaner utilizado para
obtener la impresion digital. En un estudio analizaron los espacios marginales de 24 coronas de
IPS e.max CAD obtenidas a través de dos escaneres: E4D (E4D Technologies LLC, Richardson,
Tejas, EE.UU.) y Trios 3 (3Shape A/S, Copenhague K, Dinamarca). (45)

Finalmente vieron que no hubo diferencia significativa entre los dos aparatos. De todos modos hay
que tener en cuenta las limitaciones de este estudio: las preparaciones fueron llevadas a cabo por
estudiantes de pregrado sobre modelos dentales de pléastico y los escaneados completados por dos
operadores diferentes sin experiencia previa. En otro estudio, con el mismo proposito y
condiciones, pero diferente hipotesis, se observd que los margenes mas precisos se obtuvieron
cuando se utilizé un espacio de cemento de 200 pum. (46)

Dependiendo de la extension del escaneado la impresion final serd mas o menos precisa, cuanto
mas largo peor, comprometiendo a la vez la restauracion.

Con ella habrd que tener en cuenta muchos mas factores, responsables de la calidad del

procesamiento, empezando por la experiencia del clinico y del operador que disefiara la
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restauracion (prostodoncista o técnico). Otro elemento a tener en consideracion serd la maquina
que la fabricard: ¢fresadora o impresora 3D?, ;Chairside, de laboratorio o de centro de

produccién?, ;Monolitica o estratificada?

1. Restauraciones monoliticas (mirar Tabla 2)

Feldespatica (ej. CEREC Blocs C), feldespatica reforzada con leucita (ej. Initial LRF Block),
silicato de litio reforzado con circonia (ej. Celtra Duo), disilicato de litio (ej. IPS e.max CAD),
circonia (ej. IPS e.max ZirCAD, M-ZR multilayer HT, Katana Zirconia Block, NobelProcera
Zirconia, SHOFU Disk ZR Lucent, VITA YZ XT, Lava Zirconia Blocks), nanoceramica (ej.

CERASMART, Katana Avencia Block, SHOFU Block HC, VITA ENAMIC).

Tabla 2: las principales cerdmicas monoliticas en comercio.

CASA (1) Matriz vitrea (2) Policristalinas (3) Matriz de resina
COMERCIAL
Dentsply Sirona, - CEREC Blocs C* - Cercon HT NP
E}‘E’%’Uperllzﬂvama’ - CERECBlocsC |- inCoris ZI*
0. (18) PC* - inCoris TZI*
- CEREC Blocs C - inCoris TZI C*
In’ - CEREC Zirconia®
- Celtra Duo - CEREC Zirconia
meso*

GC Europe, Initial LRF Block® NP - CERASMART*
Lisusia, [Beligien - CERASMART 270"
(19)
Ivoclar Vivadent, | - [PS Empress - IPS e.max ZirCAD* | NP
Selwen, CAD* - IPS e.max ZirCAD
e N - IPS e.max CAD* Prime*
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Tabla 2: las principales cerdmicas monoliticas en comercio.

CASA (1) Matriz vitrea (2) Policristalinas (3) Matriz de resina
COMERCIAL
Merz dental NP - M-ZR multilayer | NP
GmbH, Liitjenburg, HT
Alemania (21) - M-ZR multilayer
HT+
- M-ZR multicolor
ST
- M-ZR color HT
- M-ZR white HT
Kuraray Noritake, |NP - Katana Zirconia Katana Avencia Block*
Kurashiki, Japén Block*
(22) - Katana Zirconia
Nobel Biocare, NP - NobelProcera NP
Zurigo, Suiza (23) Zirconia
- Nacera Pearl
Shaded
SHOFU Dental NP SHOFU Disk ZR - SHOFU Block HC*
GmbH, Ratingen, Lucent - SHOFU Disk HC
Alemania (24)
VITA Zahnfabrik, |- VITABLOGCS VITA YZ* VITA ENAMIC*
Bad Séckingen, Mark IT*
Alemania (25) - VITABLOCS
TriLuxe forte*
- VITABLOCS
RealLife*
3M ESPE, St. Paul, | NP - Lava Zirconia Lava Ultimate*

Minesota, EE.UU.
(26)

Blocks*

- 3M Lava Esthetic
Fluorescent Full-
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Tabla 2: las principales cerdmicas monoliticas en comercio.

CASA (1) Matriz vitrea (2) Policristalinas (3) Matriz de resina
COMERCIAL
Contour Zirconia
Disc
- 3M Chairside
Zirconia*

Abreviatura: NP (no produce)
* Disponible para chairside

Los sistemas de planificacion y fabricacion digitales cada vez son mejores, mas rapidos, mas
predecibles y al alcance de un nimero mayor de técnicos y clinicos. Esta demostrado el
significativo ahorro de tiempo que garantizan, en particular las restauraciones a contorno completo.
De hecho, comparado con un método de produccion tradicional, se pueden ahorrar
aproximadamente unas 2-3 horas, fabricando a la vez mdltiples protesis para diferentes pacientes.
(47) Puesto que ya se puede restaurar practicamente cualquier sextante, siendo los sectores
posteriores los mas indicados, el empleo de restauraciones monoliticas ha aumentado
notablemente. (18-26, 35) Debido a su peor estética respecto a las multicapa no es comdn utilizarlas
en sectores anteriores. No obstante esto hay cerdmicas, de matriz vitrea o de resina, pero no
policristalinas, con las que se pueden producir carillas directamente “in-office” (ej. CEREC Blocs
C, CERASMART). (18, 19) Ademas, es cierto que las feldespéaticas han demostrado ser las
porcelanas con mayor durabilidad a la tincion. (48) Hasta se ha comprobado la eficacia de las
restauraciones a contorno completo en pilares de protesis parciales removibles. (49)

En un estudio conducido por Seydler y Schmitter (50) se relacionaron 30 coronas de disilicato de

litio monoliticas fabricadas por flujo digital con otras 30 estratificadas (estructura de circonia
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recubierta de disilicato de litio también elaborado por CAD-CAM). Las restauraciones monoliticas
demostraron producir menos problemas de chipping. En la evaluacion a dos afios de seguimiento,
en ambos grupos se not6 la ausencia de complicaciones como fracturas, desprendimientos del
material (chipping) o grietas, Gnicamente hubo algunos problemas bioldgicos. Es cierto que el
namero de sujetos estudiados junto al total de restauraciones evaluadas es bajo. Ademas todas las
mediciones que llevaron a cabo, por supuesto muy detalladamente, se limitaron a tres citas (a los
14 dias, al afio y a los 2 afios). Posteriormente a éstas consideraciones es complicado confirmar la
hipdtesis inicial del estudio, o sea que el nimero de complicaciones seria menor para las
restauraciones monoliticas. De todas formas la menor magnitud de chipping por parte de las
monoliticas esta demostrada. (28, 30, 35, 37, 41, 50)

En otro estudio, Akin et al. (44) enfrentaron dos grupos de 15 coronas de disilicato de litio: unas
fabricadas por tecnologia CAD-CAM vy las otras por método convencional. Quisieron comparar la
adaptacion y el ajuste marginal e interno de estas restauraciones. No hubo diferencias relevantes
entre las dos técnicas de fabricacion. La media de espacio marginal determinada fue la siguiente:
132,2 um (grupo CAD-CAM) y 130,2 um (grupo convencional). Las limitaciones de este estudio,
como por ejemplo las bajas muestras y un seguimiento de apenas dos afios, no son suficientes para
llegar a unas conclusiones satisfactorias.

De la misma manera se pueden producir protesis a contorno completo a través de nanoceramicas,
las cuales tambien han demostrado ser menos susceptibles a fracturas y desprendimiento de
material. (38) Ademas, es cierto que las ceramicas hibridas se fresen, pulan y reparen con mayor
facilidad respecto a las demas porcelanas. Sin embargo, todavia presentan propiedades mecanicas

reducidas y mala resistencia al desgaste. (51)
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Resumiendo, las principales ventajas que aportan las restauraciones CAD-CAM monoliticas son:
produccién mas rapida, disponible para chairside, menor presencia de chipping, grietas y/o
fracturas respecto a las multicapa, ausencia de delaminacion (“delamination” o “debondign”),
mejor ajuste interno y marginal, alta resistencia por parte de las policristalinas, preparacién dental
mas conservativa. (18-26, 28, 30, 35, 37, 41, 45, 48, 50)

Mientras que las desventajas fundamentales son las siguientes: menor estética y ausencia de efecto
camalednico en un entorno de dientes naturales por parte de las restauraciones sin maquillar,
necesidad de maquillaje, limitacion en la eleccion de materiales, desperdicio de material con
dificultad para recuperar los restos durante el fresado y fuerte desgaste de las herramientas de
fresado, propiedades mecanicas reducidas y mala resistencia al desgaste de las cerdmicas hibridas,
imposibilidad de retocar las restauraciones finales de circonia, menor precision por parte de las
fresadoras chairside (cuantos mas ejes mas detalles) respecto a las de un centro de produccién,
estereolitografia (SLA) todavia limitada (detalles, materiales, precios), elevado coste de inversion,

necesidad de mas investigaciones. (16, 19, 20, 27, 29, 41, 47)

2. Restauraciones estratificadas o multicapa (multilayered)

- Estructura: ceramicas policristalinas (ej. inCoris ZI), de matriz de resina (ej. VITA ENAMIC)

y todas las monoliticas excluyendo las feldespaticas.

- Cargada: ceramicas de matriz vitrea (ej. VITABLOCS TriLuxe forte) y nanoceramicas (ej.

VITA ENAMIC multiColor)
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La literatura habla esencialmente de tres técnicas de recubrimiento digital: CAD-on (lvoclar
Vivadent), Lava DVS (Digital Veneering System, 3M ESPE) y Rapid Layer Technology (VITA
Zahnfabrik). (53, 54) La mayoria de los estudios in vitro apoyan la conclusion por la cual el CAD-
on sea el mejor método, puesto que aumenta la resistencia a la fractura y la fuerza de union entre
estructura de circonia y ceramica de recubrimiento, en restauraciones de coronas. (54-58)

Es cierto que el chipping sea una de las principales complicaciones relacionadas con éste tipo de
prétesis. (27, 28, 30, 36, 41, 52-54, 56, 59) De todos modos también es verdad que las
restauraciones estratificadas fabricadas por workflow digital padecen una resistencia mayor a
eventuales problemas y menores fallos de adhesividad entre estructura y ceramica de recubrimiento
(“delamination” o “debonding’’), comparadas con las fabricadas por técnica convencional. (52, 53,
57) En un estudio clinico con seguimiento a cinco afos, llevado a cabo por Vigolo y Mutinelli
(59), analizaron 60 restauraciones unitarias fijas sobre molares inferiores (derechos e izquierdos).
Estas fueron divididas en tres grupos: 20 de metal porcelana y 40 de porcelana estratificada sin
metal (20 de Nobel Biocare y 20 de 3M ESPE) producidas por dos sistemas CAD-CAM diferentes.
Al final del estudio no hubo diferencias estadisticamente significativas entre metal porcelana y
ceramicas CAD-CAM. De todos modos los datos clinicos demostraron que los grupos de porcelana
de oxido de circonio tendian a tener frecuentemente mas problemas (ej. fracturas extendidas del
recubrimiento ceramico). Es cierto que el gold standard de las restauraciones protésicas son las de
metal ceramica, debido a sus excelentes prestaciones clinicas cientificamente comprobadas. (41,
51) No obstante ésto, cada afio se utilizan menos debido a su menor biocompatibilidad, menor
translucidez y el incremento de demanda para restauraciones altamente estéticas. Asi es como la
ceramica esta arrebatando el sitio del metal como material de eleccion para los ndcleos internos
mecanizados en restauraciones multicapa. (41, 51)
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En un reciente estudio conducido por Benic et al. (60), en el que pusieron en debate prétesis
completamente ceramicas contra otras de metal porcelana, se demostré un ajuste similar o mejor
por parte de las restauraciones CAD-CAM de circonia en la region del hombro. Mientras que
fueron alcanzados resultados mas favorables por parte de las de metal ceramica en la regién
oclusal.

Gracias a los avances tecnoldgicos es posible fabricar tanto la estructura como el recubrimiento a
través de workflow digital y sucesivamente unir las dos partes por un cemento de resina o con una
ceramica de vidrio fundida. (27, 41, 51, 57)

Resumiendo, las principales ventajas que aportan las restauraciones CAD-CAM multicapa son:
mejor estética, envejecimiento mas lento y mayor durabilidad a la tincion de las feldespaticas,
procesamiento CAD-CAM disponible para estructura y cerdmica externa, menor presencia de
delaminacién, chipping, grietas y fracturas respecto a las producidas por método tradicional, mayor
disponibilidad de materiales, presencia de mas estudios clinicos respecto a las monoliticas. (27,
41, 48, 51, 57)

Mientras que las desventajas fundamentales son las siguientes: presencia de delaminacion (se
define como el fallo adhesivo entre estructura y ceramica de recubrimiento), mayor chipping,
grietas y fracturas respecto a las monoliticas, mayor tiempo de fabricacion, baja resistencia por
parte de las feldespaticas, necesidad de mayor remocion de estructura dental por oclusal durante la
preparacion. Ademas, influyen mucho en la resistencia de estas restauraciones los siguientes
factores: disefio del nucleo interno mecanizado, relacion entre los espesores de las capas de
recubrimiento, propiedades mecanicas de la ceramica externa, tensiones térmicas residuales dentro

de la restauracion. (27, 28, 30, 36, 41, 42, 47, 52-54, 56, 57, 59)
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Ceramicas CAD-CAM de las distintas casas comerciales: indicaciones y ventajas

A continuacion se presentan algunas de las principales ceramicas disponibles actualmente en el
mercado para confeccionar restauraciones dentales a través de flujo digital CAD-CAM. Todos los
materiales marcados con un “*” son disponibles para uso chairside.

Al fondo se resume en una tabla (Tabla 3) todas las indicaciones de éstas porcelanas.

1. DENTSPLY SIRONA, York, Pensilvania, EE.UU. (18)

« Ceramicas de matriz vitrea: feldespatica

1. CEREC Blocs C*

Indicaciones: carillas, inlay, onlay, corona monolitica.

Ventajas: estética, propiedades similares al esmalte, alta translucidez, buen pulido final,

fluorescencia blanca, efecto camalednico, biocompatibilidad.

2. CEREC Blocs C PC*
Indicaciones: carillas, inlay, onlay, corona anterior, optimizado para corona posterior.

Ventajas: estética, buena personalizacion debido a sus tres capas, biocompatibilidad.

3. CEREC Blocs C In*
Indicaciones: corona anterior.
Ventajas: estética, nucleo de dentina y capa translicida de esmalte, algoritmo CEREC / inLab,

biocompatibilidad.
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« Ceramicas de matriz vitrea: silicato de litio reforzado con circonia

1. Celtra Duo*

Indicaciones: carillas, inlay, onlay, corona unitaria, se puede utilizar para restauraciones
monoliticas (ej. corona monolitica).

Contraindicaciones: recubrimiento completo de corona de molares, preparaciones subgingivales
muy profundas, pacientes con muy pocos dientes remanentes, bruxistas.

Ventajas: estética, alta opalescencia, fluorescencia, translucidez, resistencia, biocompatibilidad.

« Ceramicas policristalinas: circonia
1. Cercon

Indicaciones: tanto para sector anterior como posterior.
= Cercon XT: corona, puente de 3 unidades.

= Cercon HT: corona, puente de multiples unidades (hasta 6 unidades con un maximo de 2
ponticos), corona telescopica, se puede utilizar como estructura y restauraciones monoliticas.
Contraindicaciones: no se debe de usar en pacientes con hipersensibilidad a la circonia, bruxistas,
insuficiente espacio protético, con poste, como protesis sobre implantes, puente de inlays, puente
de 3 unidades en molares (s6lo para Cercon XT).

Ventajas: estética, ahorro de tiempo, proporciona estabilidad, alta biocompatibilidad.

2. inCoris ZI meso
Indicaciones: mesoestructuras disefiadas individualmente, que se pegan a una base de titanio

adecuada después del fresado y sinterizado.
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Contraindicaciones: higiene bucal insuficiente, espacio protético insuficiente, en caso de
bricomania, restauraciones con angulacion > 20° respecto al eje del implante, en caso de un sélo
diente con elemento voladizo (cantilever), restauraciones cuya longitud en relacién a la longitud
del implante sea superior a 1:1,25.

Ventajas: alta resistencia, resistente a la corrosion, excelente biocompatibilidad.

3.inCoris ZI*

Indicaciones: cofias anteriores y posteriores, estructura de puentes (hasta 2 pdnticos), corona
telescdpica, barra, elementos de sujecion.

Ventajas: alto rendimiento, excelente resistencia, larga vida 0til, excepcional disposicion de

procesamiento, excelente biocompatibilidad.

4.inCoris TZI*

Indicaciones: coronas monoliticas anteriores y posteriores, puentes monoliticos anteriores y
posteriores (con un maximo de 2 ponticos).

Contraindicaciones: higiene bucal insuficiente, resultados de la preparacion no satisfactorios,
esmalte insuficiente, espacio protético insuficiente.

Ventajas: alta translucidez, solidez, resistencia a la corrosion, biocompatibilidad.

5.inCoris TZI C*

Indicaciones: coronas y puentes monoliticos, corona telescdpica, barra, elementos de sujecion.
Ventajas: menor tiempo de preparacion, color exacto, evita la formacion de astillas,
biocompatibilidad.
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6. CEREC Zirconia*

Indicaciones: coronas y puentes monoliticos (hasta 3 unidades con un maximo tramo mesiodistal
clinico de 30 mm) anteriores y posteriores, casos con poco espacio protético, casos con poco
espesor residuo de pared axial, casos donde la union adhesiva no es deseada.

Ventajas: preparacion minimamente invasiva, para casos con poco espacio protético,

restauraciones de contorno completo, precoloreada, biocompatibilidad.

7. CEREC Zirconia meso*
Indicaciones: corona retenida atornillada, corona parcial.
Ventajas: menor tiempo de preparacion, estética, buen ajuste, alta resistencia, alta

biocompatibilidad.

2. GC EURORPE, Leuven, Bélgica (19)

« Ceramicas de matriz vitrea: feldespatica reforzada con leucita

1. Initial LRF Block*

Indicaciones: carillas, inlay, onlay, corona parcial, coronas monoliticas anteriores y posteriores,
endocoronas en molares.

Ventajas: estética, translucidez, fluorescencia, caracter opalescente, facil manejo, alta densidad

(menor riesgo de chipping), efecto camaleonico, biocompatibilidad.
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« Ceramicas de matriz vitrea: feldespética reforzada con circonia

1. Initial Zr-FS

Indicaciones: todo tipo de restauraciones.

Ventajas: muy estética, tiempo de enfriamiento corto, buena humectabilidad, alta estabilidad,

superficies lisas, biocompatibilidad.

« Ceramicas policristalinas: circonia
1. Initial Zirconia Disk

Indicaciones:

= Initial Zirconia Disk ST y HT: coronas anteriores y posteriores, puentes (hasta 3 unidades),

pilares hibridos, estructuras sobre implantes.

- Initial Zirconia Disk UHT: carillas, inlay, onlay, coronas anteriores y posteriores, puentes
(hasta 3 unidades).
Ventajas: elevada estética, elevada translucidez, elevada resistencia, excelente estabilidad, facil

fresado, personalizable con Initial Lustre Pastes NF, biocompatibilidad.

« Ceramicas de matriz de resina: hibrida

1. CERASMART*

Indicaciones: carillas, inlay, onlay, corona posterior, corona sobre implante.

Ventajas: resistencia a la abrasion, superficies lisas y brillantes a largo plazo, bajo desgaste con el
antagonista, alta flexibilidad, amortiza fuerzas masticatorias, fresado rapido, buen ajuste marginal,

personalizable con OPTIGLAZE color, fluorescencia, opalescencia, biocompatibilidad.
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2. CERASMART270*

Indicaciones: carillas, inlay, onlay, corona posterior, corona sobre implante.

Ventajas: estética, fuerte adhesion, resistencia a la abrasion, superficies lisas y brillantes a largo
plazo, bajo desgaste con el antagonista, alta flexibilidad, amortiza fuerzas masticatorias, fresado
rapido, perfecto ajuste marginal, personalizable con OPTIGLAZE color, fluorescencia,

opalescencia, biocompatibilidad.

3. IVOCLAR VIVADENT, Schaan, Liechtenstein (20)

« Ceramicas de matriz vitrea: feldespatica reforzada con leucita

1. IPS Empress CAD*

Indicaciones: carillas, inlay, onlay, coronas parciales, coronas anteriores.

Ventajas: alta estética, propiedades opticas de luz brillante, alta estabilidad, fluorescencia, efecto

camalednico, no necesita caracterizacion adicional, ajuste excelente, biocompatibilidad.

« Ceramicas de matriz vitrea: disilicato de litio

1. IPS e.max CAD*

Indicaciones: carillas (>0,4 mm), carillas oclusales, inlay, onlay, coronas parciales, coronas
minimamente invasivas (>1 mm) anteriores y posteriores, puentes (hasta 3 unidades, hasta segundo
premolar como pilar terminal).

Ventajas: muy buenas propiedades dpticas de luz, estética, confiabilidad clinica demostrada, éxito

clinico a largo plazo, biocompatibilidad.
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« Ceramicas policristalinas: circonia

1. IPS e.max ZirCAD*

Indicaciones: restauraciones de piezas con bajos espesores de paredes, coronas y puentes
anteriores y posteriores monoliticos, estructuras de coronas y puentes, superestructuras
implantosoportadas.

Ventajas: alta estetica, alta resistencia mecénica, alta tenacidad a la fractura, biocompatibilidad.

2. IPS e.max ZirCAD Prime*

Indicaciones: coronas anteriores y posteriores, puentes anteriores y posteriores (hasta 14 piezas),
coronas monoliticas, puentes monoliticos (hasta 3 piezas), puentes monoliticos (>4 piezas con
maximo 2 pdnticos), estructuras de coronas y puentes (>3 piezas con maximo 2 ponticos).

Ventajas: alta estética, alta resistencia mecanica, alta tenacidad a la fractura, biocompatibilidad.

4. MERZ DENTAL GmbH, Litjenburg, Alemania (21)

« Ceramicas policristalinas: circonia

1. M-ZR multilayer HT

Indicaciones: coronas y puentes (hasta 3 unidades de maximo 1 pdntico) anteriores y posteriores,
coronas Yy puentes monoliticos anteriores y posteriores, coronas y puentes anteriores fabricados con
cut-back.

Ventajas: estética natural, alta resistencia, tenacidad a la fractura, buen ajuste, densidad uniforme,

biocompatibilidad.
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2. M-ZR multilayer HT+
Indicaciones: carillas, inlay, onlay, corona parcial, corona anterior y posterior monolitica, corona
con pilar hibrido, puente monolitico (hasta 3 elementos), puente reducido (hasta 3 elementos).

Ventajas: estética, alta resistencia, buen grado de translucidez, biocompatibilidad.

3. M-ZR multicolor ST

Indicaciones: carillas, inlay, onlay, corona parcial, corona anterior y posterior monolitica, corona
con pilar hibrido, puente monolitico (hasta 3 unidades), puente monolitico (> 4 unidades con
maximo 2 elementos adyacentes), puente reducido (> 4 elementos con méaximo 2 elementos
adyacentes).

Ventajas: estética, resistencia, no necesita de caracterizacion, ahorro de tiempo,

biocompatibilidad.

4. M-ZR color HT

Indicaciones: corona parcial, corona anterior y posterior monolitica, corona con pilar hibrido,
puente monolitico (hasta 3 elementos), puente monolitico (>4 elementos con maximo 2 elementos
adyacentes), puente reducido (> 4 elementos con maximo 2 elementos adyacentes), barra.

Ventajas: estética, resistencia, translucidez, biocompatibilidad.

5. M-ZR white HT

Indicaciones: carillas, corona parcial, corona posterior monolitica, corona con pilar hibrido,
puente monolitico (> 4 elementos), puente reducido (> 4 elementos), pilar hibrido, barra.
Ventajas: estética, resistencia, translucidez, biocompatibilidad.
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5. KURARAY NORITAKE, Kurashiki, Japon (22)

« Ceramicas policristalinas: circonia

1. Katana Zirconia Block*

Indicaciones: coronas y puentes (hasta 3 unidades) anteriores y posteriores monoliticos.
Ventajas: estética, alta translucidez, alta resistencia a la flexion, sinterizacion ultrarrapida, ahorro

de tiempo, biocompatibilidad.

2. Katana Zirconia

Indicaciones: carillas, inlay, onlay, coronay puente anterior y posterior (> de 4 elementos), corona
y puente anterior y posterior monoliticos (> de 4 elementos).

Ventajas: estética, 4 niveles de translucidez, se puede combinar con Cerabien ZR FC Paste Stain

0 CerabienTM ZR, alta resistencia, translucidez, biocompatibilidad.

« Ceramicas de matriz de resina: hibrida
1. Katana Avencia Block*
Indicaciones: inlay, onlay, corona anterior y posterior.

Ventajas: estética, rapida, natural, resistente, biocompatibilidad.
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6. NOBEL BIOCARE, Zurigo, Suiza (23)

« Ceramicas policristalinas: circonia

1. NobelProcera Zirconia

Indicaciones: coronas y puentes (hasta 5 unidades), cofias, estructuras de puente (hasta 14
unidades), coronas Yy pilares atornilladas monoliticos, puente implantosoportado monolitico (2-5
unidades).

Ventajas: estética, alta translucidez, ahorra tiempo, bajo riesgo de chipping, biocompatibilidad.

2. Nacera Pearl Shaded
Indicaciones: puentes implantosoportados monoliticos (2-14 unidades) anterior y posterior,
estructuras de puente anteriores y posteriores, disponible con/sin encia.

Ventajas: estética, resistencia, biocompatibilidad.

3. NobelPearl
Indicaciones: material utilizado para producir implantes y pilares.
Ventajas: 100% libre de metal, conexidn interna sin cemento, compatible con el tejido blando y

biotipo fino, alternativa al titanio, poca afinidad con la placa, biocompatibilidad.

4. DOCERAM Nacera Pearl Zirconia

Descripcidn: nuevo material. No se ha encontrado informacion.
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7. SHOFU DENTAL GmbH, Ratingen, Alemania, (24)

« Ceramicas policristalinas: circonia

1. SHOFU Disk ZR Lucent

Indicaciones: carillas, inlay, onlay, coronas y puentes monoliticos anteriores (hasta 6 unidades) y
posteriores (hasta 3 unidades), estructuras reducidas para coronas y puentes anteriores (hasta 6
unidades) y posteriores (hasta 3 unidades).

Ventajas: estética, translucidez natural, alta estabilidad, alta resistencia, fluorescencia natural,

biocompatibilidad.

« Ceramicas de matriz de resina: hibrida

1. SHOFU Block HC*

Indicaciones: carillas, inlay, onlay, coronas monoliticas anteriores y posteriores, coronas
monoliticas anteriores y posteriores sobre implantes.

Ventajas: alta estabilidad a largo plazo, difusion de luz realista, absorbe el estrés, fluorescencia

realista, buenas propiedades de manipulacion y fresado, biocompatibilidad.

2. SHOFU Disk HC

Indicaciones: carillas, inlay, onlay, coronas monoliticas anteriores y posteriores, coronas
monoliticas anteriores y posteriores sobre implantes.

Ventajas: alta estabilidad a largo plazo, difusion de luz realista, absorbe el estrés, fluorescencia

realista, buenas propiedades de manipulacion y fresado, biocompatibilidad.
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8. VITA ZAHNFABRIK, Bad Sackingen, Alemania (25)

« Ceramicas de matriz vitrea: feldespatica
1. VITABLOCS Mark I1*
Indicaciones: inlay, onlay, coronas parciales.

Ventajas: alta estética, rapida confeccion, biocompatibilidad.

2. VITABLOCS TriLuxe forte*
Indicaciones: carillas, coronas en zonas visibles.

Ventajas: alta estetica, rapida confeccion, biocompatibilidad.

3. VITABLOCS RealLife*
Indicaciones: coronas anteriores.

Ventajas: estética, rapida confeccion, biocompatibilidad.

« Ceramicas de matriz vitrea: silicato de litio reforzado con circonia

1. VITA SUPRINITY PC

Indicaciones: carillas, coronas anteriores y posteriores, corona implantosoportada.

Ventajas: alta estética, alta resistencia, gran precision, facil manipulacién, buena estabilidad,

flurescencia, opalescencia, biocompatibilidad.
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« Ceramicas policristalinas: circonia

1. VITAYZ*

Indicaciones: todas disponibles para coronas monoliticas chairside.

VITA YZ XT: carillas, carillas oclusales (table top), inlay, onlay, coronas parciales, corona
anterior y posterior, puentes anteriores y posteriores (hasta 3 elementos), estructura de

puentes anteriores y posteriores (hasta 3 elementos).

VITA YZ ST: carillas, carillas oclusales (table top), inlay, onlay, coronas parciales, puentes
anteriores y posteriores (hasta 14 elementos), cofia de corona, estructura de puentes anteriores
y posteriores (hasta 14 elementos), estructura de corona individual sobre restauracion

atornillada, estructura de puente sobre restauracion atornillada (hasta 14 elementos).

VITA YZ HT: puentes anteriores y posteriores (hasta 14 elementos), cofia de corona,
estructura de puentes anteriores y posteriores (hasta 14 elementos), estructura de corona
individual sobre restauracién atornillada, estructura de puentes sobre restauracion atornillada

(hasta 14 elementos), coronas telescopicas.

VITA YZT: puentes anteriores y posteriores (hasta 14 elementos con un maximo de 2
ponticos contiguos), cofia de corona, estructura de puentes anteriores y posteriores (hasta 14
elementos con un maximo de 2 ponticos contiguos), estructura de corona individual sobre
restauracion atornillada, estructura de puentes sobre restauracion atornillada (hasta 14

elementos con un maximo de 2 pdnticos contiguos), coronas telescopicas.

Ventajas: estética, reproduccion fiable de colores dentales, microestructura homogeénea, buen

ajuste, biocompatibilidad.

46



« Ceramicas de matriz de resina: hibrida

1. VITA ENAMIC*

Indicaciones: reconstrucciones con grosores de pared reducidos, coronas posteriores, inlay,
reconstruccion no invasiva/minimamente invasiva de superficies oclusales (table top), estructuras

monoliticas para puentes.
- VITA ENAMIC T: coronas posteriores, posibilidad de confeccionar cofias.

- VITA ENAMIC HT: carillas, carillas oclusales, corona parcial, coronas anteriores y

posteriores, posibilidad de confeccionar inlay, onlay, corona sobre implante.

- VITA ENAMIC ST: carillas, inlay, onlay, posibilidad de confeccionar carillas oclusales,
corona anterior, corona parcial.
Ventajas: absorcion de fuerza, tratamientos no invasivos, restauraciones delgadas, buen ajuste,

biocompatibilidad.

2. VITA ENAMIC IS

Indicaciones: corona sobre pilar implantosoportada, mesoestructuras.
= VITA ENAMIC IS T: cofias, posibilidad de confeccionar corona sobre implante.

= VITA ENAMIC IS HT: corona sobre implante, posibilidad de confeccionar cofias.

Ventajas: absorcion de fuerzas, alta carga, ahorro de tiempo, biocompatibilidad.

3. VITA ENAMIC multiColor

Indicaciones: carillas, coronas anteriores y posteriores.
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Ventajas: estética, absorcion de fuerzas, alta carga, tallado minimamente invasivo, restauraciones

delgadas, buen ajuste, ahorro de tiempo, biocompatibilidad.

9. 3M ESPE, St. Paul, Minesota, EE.UU. (26)

« Ceramicas policristalinas: circonia

1. Lava Plus HT Zirconia Disc

Indicaciones: inlay, onlay, coronas anteriores y posteriores, corona sobre implante, coronas
ferulizadas (hasta 4 unidades), puentes anteriores y posteriores, puente voladizo (cantilever),
puente maryland, estructuras de pilares, puente sobre implantes (hasta 3 unidades), puente de arco
completo.

Ventajas: no desgasta el antagonista, alta estabilidad, alta resistencia, buen ajuste, facil manejo,

biocompatibilidad.

2. Lava Zirconia Blocks*

Indicaciones: inlay, onlay, coronas anteriores y posteriores, corona monolitica, coronas
ferulizadas, puentes anteriores y posteriores (hasta 6 unidades), puente voladizo (cantilever),
corona telescopica, pilar hibrido.

Ventajas: alta estética, alta estabilidad, alta resistencia, buen ajuste, biocompatibilidad.

3. 3M Lava Esthetic Fluorescent Full-Contour Zirconia Disc
Indicaciones: carillas, inlay, onlay, coronas anteriores y posteriores, corona monolitica, puentes

anteriores y posteriores (hasta 3 unidades con maximo 1 péntico).
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Ventajas: alta estética, alta resistencia, alta estabilidad, buen ajuste, fluorescencia, alta

translucidez, biocompatibilidad.

4. 3M Chairside Zirconia*
Indicaciones: coronas anteriores y posteriores, puente (hasta 3 unidades).

Ventajas: estética, alta resistencia, rapida sinterizacion, biocompatibilidad.

« Ceramicas de matriz de resina: hibrida

1. Lava Ultimate*

Indicaciones: carillas, inlay, onlay.

Ventajas: buena estética, alta estabilidad, no desgasta su antagonista, buen ajuste,

biocompatibilidad.
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Tabla 3: indicaciones de las principales cerdmicas CAD-CAM en comercio.

Indicaciones

Carillas Carillas oclusales Inlay Onlay Corona Corona Corona  Puente de
parcial anterior posterior miltiples
unidades

Matriz vitrea Feldespatica CEREC Blocs C*
CEREC Blocs C PC* X X X X X
CEREC Blocs C In*
VITABLOCS Mark II* X X X
VITABLOCS TriLuxe forte* X

x

VITABLOCS RealLife*
Reforzada con Initial LRF Block* X X X X

IPS Empress CAD* X X X

>x X X x

Reforzada con | i) 70 ps X X X X X

>
>
=

Silicato de litio Reforzado con VITA SUPRINITY PC
circonia
Celtra Duo*
Disilicato de litio IPS e.max CAD* X X X X X

x X X X

Policristali Ci i Cercon

inCoris ZI*
inCoris TZI* X
inCoris TZI C*
CEREC Zirconia*
CEREC Zirconia meso* X

Initial Zirconia Disk X X X X X X
IPS e.max ZirCAD*
IPS e.max ZirCAD Prime* X X
M-ZR multilayer HT X X
M-ZR multilayer HT+
M-ZR muilticolor ST
M-ZR color HT
M-ZR white HT X
Katana Zirconia Block*
Katana Zirconia X X X X X
NobelProcera Zirconia X X
Nacera Pearl Shaded
SHOFU Disk ZR Lucent
VITA YZ* X X X X X X X X
Lava Plus HT Zirconia
Disc

x X X x

Lava Zirconia Blocks* X X X X X

3M Lava Esthetic
Fluorescent Full-Contour X X X X X X
Zirconia Disc

3M Chairside Zirconia* X
Matriz de resina Nanoceramica/Hibrida CERASMART*
CERASMART270*
Katana Avencia Block*
SHOFU Block HC*
SHOFU Disk HC
VITA ENAMIC* X X
VITA ENAMIC IS
VITA ENAMIC multiColor X X X
Lava Ultimate* X X X

x X X X

X OoX X X X X
X X X X x X
>

* Disponible para chairside

50




Tabla 3: indicaciones de las principales ceramicas CAD-CAM en comercio.

Indicaciones

Matriz vitrea

Silicato de litio

Disilicato de litio

Policristalina Circonia

Feldespatica

Reforzada con
leucita

Reforzada con
circonia

Reforzado con
circonia

Matriz de resina Nanoceramica/Hibrida

CEREC Blocs C*

CEREC Blocs C PC*
CEREC Blocs C In*
VITABLOCS Mark II*
VITABLOCS TriLuxe forte*
VITABLOCS RealLife*
Initial LRF Block*

IPS Empress CAD*

Initial Zr-FS

VITA SUPRINITY PC
Celtra Duo*

IPS e.max CAD*
Cercon

inCoris ZI*

inCoris TZI*

inCoris TZI C*

CEREC Zirconia*
CEREC Zirconia meso*
Initial Zirconia Disk
IPS e.max ZirCAD*

IPS e.max ZirCAD Prime*
M-ZR multilayer HT
M-ZR multilayer HT+
M-ZR muiticolor ST
M-ZR color HT

M-ZR white HT

Katana Zirconia Block*
Katana Zirconia
NobelProcera Zirconia
Nacera Pearl Shaded
SHOFU Disk ZR Lucent
VITA YZ*

Lava Plus HT Zirconia
Disc

Lava Zirconia Blocks*

3M Lava Esthetic
Fluorescent Full-Contour
Zirconia Disc

3M Chairside Zirconia*
CERASMART*
CERASMART270*
Katana Avencia Block*
SHOFU Block HC*
SHOFU Disk HC

VITA ENAMIC*

VITA ENAMIC IS

VITA ENAMIC multiColor
Lava Ultimate*

X X X X X X X X X X

>

>

x X X X X

x X X X

* Disponible para chairside
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Tabla 3: indicaciones de las principales cerdmicas CAD-CAM en comercio.

Indicaciones

Protesis implantosoportada

Superestructura
implantosoportada

Corona
atornillada

Puente
atornillado

Coronacon  Pilar
pilar hibrido  hibrido

Corona
telescopica

Silicato de litio

Disilicato de litio

Matriz de resina Nanoceramica/Hibrida

CEREC Blocs C*

CEREC Blocs C PC*
CEREC Blocs C In*
VITABLOCS Mark II*
VITABLOCS TriLuxe forte*
VITABLOCS Reallife*
Initial LRF Block*

IPS Empress CAD*

Initial Zr-FS

VITA SUPRINITY PC
Celtra Duo*

IPS e.max CAD*
Cercon

inCoris ZI*

inCoris TZI*

inCoris TZI C*

CEREC Zirconia*
CEREC Zirconia meso*
Initial Zirconia Disk
IPS e.max ZirCAD*

IPS e.max ZirCAD Prime*
M-ZR multilayer HT
M-ZR multilayer HT+
M-ZR multicolor ST
M-ZR color HT

M-ZR white HT

Katana Zirconia Block*
Katana Zirconia
NobelProcera Zirconia
Nacera Pearl Shaded
SHOFU Disk ZR Lucent
VITA YZ*

Lava Plus HT Zirconia
Disc

Lava Zirconia Blocks*

3M Lava Esthetic
Fluorescent Full-Contour
Zirconia Disc

3M Chairside Zirconia*
CERASMART*
CERASMART270*
Katana Avencia Block*
SHOFU Block HC*
SHOFU Disk HC

VITA ENAMIC*

VITA ENAMIC IS

VITA ENAMIC multiColor
Lava Ultimate*

>

x X X X

x X X X

* Disponible para chairside
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Conclusiones
Las conclusiones son las siguientes:

« Como hemos visto dependiendo de la situacion clinica se optara por un tipo de ceramica u otra.
Las feldespaticas son indudablemente las mas estéticas y presentan una elevada tasa de
supervivencia en restauraciones como inlays, onlays y coronas unitarias. De todos modos su baja
resistencia centra sus indicaciones en el recubrimiento de estructuras, sin descartar alternativas
monoliticas. Otras cerdmicas de matriz vitrea, pero con mayor resistencia, son las de silicato de
litio reforzado con circonia y disilicato de litio. Este ltimo en particular es el perfecto
compromiso entre estética y resistencia, que le permite alcanzar reconstrucciones mas extensas
(puentes de maximo 1 pdntico). Gracias a sus caracteristicas es uno de los materiales cerdmicos
mas utilizados tanto en restauraciones multicapas como monoliticas. Otra porcelana
ampliamente usada es la circonia que, careciendo de fase vitrea, se distingue por ser la mas
resistente, llegando a soportar hasta 2 pdnticos. Su composicion le otorga un aspecto mas opaco,
por lo que especialmente constituye el nucleo interno de protesis multicapas. No obstante ha
demostrado resultados monoliticos prometedores, aunque necesite un maquillado final. Los
ultimos materiales disponibles en el mercado CAD-CAM son las nanocerdmicas las cuales han
evidenciado una mayor facilidad de manejo (fresado, pulido, reparaciones). Sus indicaciones
abarcan carillas, inlays, onlays y coronas unitarias (sobre todo como capa externa en las

estratificadas, aunque algunas permiten restauraciones monoliticas).

« Cada vez mas clinicos se estan convenciendo en seguir los avances tecnoldgicos implementando
sistemas CAD-CAM en sus consultas. De hecho en los tltimos afios ha crecido notablemente el

namero de restauraciones monoliticas producidas “in-office” a través de sistemas chairside. Esto
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se debe a los resultados proporcionados por este tipo de protesis; menos problemas de fracturas,
grietas, chipping y ausencia de delamination. No obstante todo, el nimero de materiales
disponibles todavia es escaso. Ademas necesitan de un maquillado final con lo cual tampoco
igualan la estética aportada por las restauraciones multicapa. Con respecto a éstas ultimas, es
cierto que presenten mayores inconvenientes de chipping, debonding y fracturas y que los
tiempos de produccion sean mas lentos. A la vez han demostrado mejores éxitos respecto a las
estratificadas tradicionales y disponen de un rango de materiales considerablemente elevado. Se
necesitan mas estudios clinicos de modo que las protesis a contorno completo puedan reemplazar

a las multilayered.

Analizando 9 de las distintas casas comerciales que proporcionan materiales CAD-CAM al
mundo de la odontologia se denota que: 4 de ellas producen ceramicas de matriz de vidrio, s6lo
Ivoclar Vivadent comercializa disilicato de litio, todas fabrican circonia (Merz Dental GmbH y
Nobel Biocare Unicamente proporcionan 6xido de circonio) y 5 confeccionan nanoceramicas.
Ademas, todas procuran que por lo menos uno de sus materiales permita restauraciones

monoliticas.
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Responsabilidad

Este trabajo trata acerca de los tltimos materiales ceramicos utilizados en odontologia, limitandose
a las porcelanas optimizadas para un empleo completamente digital (CAD-CAM). Esto significa
que gracias a ellas, ya no es necesario tomar impresiones convencionales en alginato/siliconas, las
cuales sucesivamente necesitarian un vaciado en escayola para poder trabajar sobre un modelo
material. A través de un flujo de trabajo completamente informatizado ya es posible generar una
cantidad mucho menor de residuos no reciclables. Desafortunadamente todavia es dificil reutilizar
los desechos generados por las fresadoras. Esto significa que una mayor investigacion sobre como
recuperar los desperdicios generados por las maquinas quizas prosperaria la ecosostenibilidad. Por

lo tanto, el presente trabajo trata un tema que podria beneficiar a la sostenibilidad medioambiental.
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gn and computer-aided manufacturing

(CAD-CAM) in dentistry has become clinically applicable. This article is exclusively
aimed at the clinical practice of dentistry. Setting aside scientific considerations, the

practitioner will learn, through this paper, how the system is used.

CAD-CAM in dentistry

Francois Duret, DCD, DSO, MS, PhD
Jean-Louis Blouin
Bernard Duret, CD

series of closely linked steps are
Arequirrd to make a fixed dental
prosthesis. After any preparation,
the dentist must take an impression of
the prepared tooth, together with adjacent
and opposing teeth, using elastic impres-
sion material. This impression is used
to obtain a hard stone model, and a wax
pattern of the crown or inlay is carved.
The actual cast restoration is obtained
by using the “lost wax method.”

Regardless of the advanced state of
this 300-year-old technique, information
must still be transferred by hand from
the impression to the finished crown
via a series of materials, each of which
may induce error in the final castings.
This system of casting does not allow
us to take advantage of tremendous
advances in computers and robotics. For
these reasons, we introduced CAD-CAM
technologies to the dental profession
in 1971.

Early studies have been more exper-
imental and theoretical than clinical."”
* Although these outstanding works have
been consulted, we have stressed the
clinical aspects of application rather
than the fundamental.™®

In 1979, Heitlinger and Rodder,’
followed by Moermann and Brandestini®
in 1980, began to share this approach.
The former researchers milled the equiv-
alent of the stone model used by a dental
technician to make the crown, inlay,
or pontic, while the latter team took
a single picture and milled only the
internal surfaces of the inlay. During

the next 5 years, little was heard. The
first dental CAD-CAM prototype was
presented at the Garanciere conference
(France) in 1983,” and the first crown
was publicly milled and installed in a
mouth without any laboratory involve-
ment in 1985."° Though 1985 was a
decisive year for computer-aided dentist-
ry, there was still a long way to go. Several
engineers took 2 hours’ 1o operate the
first usable system in a dental office.
Nevertheless, this demonstration at the
French Congress'' ™" vindicated principles
established 14 years earlier.

Two new names appeared at this time,
the Aoki team in Japan'‘ and Diane
Rekow at the University of Minnesota.”*"*
Dr. Rekow chose a photogrammetric
method to acquire the third dimension

and used the principle of the theoretical
tooth, which we had established earlier,’
for her second and third steps. It should
also be mentioned that Reggie Caudill,
at the University of Alabama,"” started
a project aimed in the same direction.

In this paper, a system that is already
functional in dental offices in France—
the Duret system, developed by Hennson
International (Los Angeles) under our
direct supervision—is described.

Equipment needed in dental office

Instead of using a physical model (die)
to acquire and transmit information,
the CAD-CAM system uses a three-
dimensional probe system, surface model-
ing, and screen display, and an automatic

Fig | m Presentation
of a dental CAD-CAM
(Duret) system in a
private dental office.
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Abstract

During the past decade, zirconia-based ceramics have been successfully introduced into the clinic to fabricate fixed dental prostheses (FDPs),
along with a dental computer-aided/computer-aided manufacturing (CAD/CAM) system. In this article (1) development of dental ceramics, (2) the
current status of dental CAD/CAM systems, (3) CAD/CAM and zirconia restoration, (4) bond between zirconia and veneering ceramics, (5) bond
of zirconia with resin-based luting agents, (6) surface finish of zirconia restoration and antagonist enamel wear, and (7) clinical evaluation of
zirconia restoration are reviewed.

Yttria partially stabilized tetragonal zirconia polycrystalline (Y-TZP) showed better mechanical properties and superior resistance to fracture
than other conventional dental ceramics. Furthermore, ceria-stabilized tetragonal zirconia polycrystalline and alumina nanocomposites (Ce-TZP/
A) had the highest fracture toughness and had resistance to low-temperature aging degradation. Both zirconia-based ceramics have been clinically
available as an alternative to the metal framework for fixed dental prostheses (FDPs). Marginal adaptation of zirconia-based FDPs is acceptable for
clinical application. The most frequent clinical complication with zirconia-based FDPs was chipping of the veneering porcelain that was affected
by many factors. The mechanism for the bonding between zirconia and veneering ceramics remains unknown. There was no clear evidence of
chemical bonding and the bond strength between zirconia and porcelain was lower than that between metal and porcelain.

There were two alternatives proposed that might avoid chipping of veneering porcelains. One was hybrid-structured FDPs comprising CAD/
CAM-fabricated porcelain parts adhering to a CAD/CAM fabricated zirconia framework. Another option was full-contour zirconia FDPs using
high translucent zirconia. Combined application of silica coating and/or silane coupler, and 10-methacryloyloxydecyl dihydrogen phosphate is
currently one of the most reliable bonding systems for zirconia. Adhesive treatments could be applied to luting the restorations and fabricating
hybrid-structured FDPs. Full-contour zirconia FDPs caused concern about the wear of antagonist enamel, because the hardness of Y-TZP was over
double that of porcelain. However, this review demonstrates that highly polished zirconia yielded lower antagonist wear compared with porcelains.
Polishing of zirconia is possible, but glazing is not recommended for the surface finish of zirconia.

Clinical data since 2010 are included in this review. The zirconia frameworks rarely got damaged in many cases and complications often
occurred in the veneering ceramic materials. Further clinical studies with larger sample sizes and longer follow-up periods are required to
investigate the possible influencing factors of technical failures.
© 2013 Japan Prosthodontic Society. Published by Elsevier Ireland. All rights reserved.
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The Use of CAD/CAM
in Dentistry
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Computer-aided design (CAD) and computer-aided manufacturing (CAM) have
become an increasingly popular part of dentistry over the past 25 years." The
technology, which is used in both the dental laboratory and the dental office,
can be applied to inlays, onlays, veneers, crowns, fixed partial dentures, implant
abutments, and even full-mouth reconstruction. CAD/CAM is also being used in
orthodontics.

CAD/CAM technology was developed to solve 3 challenges. The first challenge was
to ensure adequate strength of the restoration, especially for posterior teeth. The
second challenge was to create restorations with a natural appearance. The third chal-
lenge was to make tooth restoration easier, faster, and more accurate. In some cases,
CAD/CAM technology provides patients with same-day restorations.

Dentists and laboratories have a wide variety of ways in which they can work with
the new technology. For example, dentists can take a digital impression and send it
to a laboratory for fabrication of the restorations or they can do their own computer-
aided design and milling in-house.

When laboratories receive a digital impression, they can create a stone model from
the data and either continue with traditional fabrication or rescan the model for milling.
Alternatively, the laboratory can do all of the design work directly on the computer
based on the images received.

This article discusses the history of CAD/CAM in dentistry and gives an overview of
how it works. It also provides information on the advantages and disadvantages,
describes the main products available, discusses how to incorporate the new tech-
nology into your practice, and addresses future applications.
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Review
Advancements in CAD/CAM technology: Options
for practical implementation

Tariq F. Alghazzawi BDS, MS, MSMtE, PhD%%"

# Department of Prosthetic Dental Sciences, College of Dentistry, Taibah University, Medina, Kingdom of Saudi Arabia
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ARTICLE INFO ABSTRACT
Article history: Purpose: The purpose of this review is to present a comprehensive review of the current
Received 26 October 2015 published literature investigating the various methods and techniques for scanning, de-
Received in revised form signing, and fabrication of CAD/CAM generated restorations along with detailing the new
10 December 2015 classifications of CAD/CAM technology.
Accepted 16 January 2016 Study selection: I performed a review of a PubMed using the following search terms “CAD/
Available online xxx CAM, 3D printing, scanner, digital impression, and zirconia”. The articles were screened for
further relevant investigations. The search was limited to articles written in English,
Keywords: published from 2001 to 2015. In addition, a manual search was also conducted through
CAD/CAM articles and reference lists retrieved from the electronic search and peer-reviewed journals.
Milling Results: CAD/CAM technology has advantages including digital impressions and models,
3D printing and use of virtual articulators. However, the implementation of this technology is still
Scanner considered expensive and requires highly trained personnel. Currently, the design software
Digital impression has more applications including complete dentures and removable partial denture frame-
Virtual articulator works. The accuracy of restoration fabrication can be best attained with 5 axes milling units.

The 3D printing technology has been incorporated into dentistry, but does not include
ceramics and is limited to polymers. In the future, optical impressions will be replaced with
ultrasound impressions using ultrasonic waves, which have the capability to penetrate the
gingiva non-invasively without retraction cords and not be affected by fluids.
Conclusion: The coming trend for most practitioners will be the use of an acquisition camera
attached to a computer with the appropriate software and the capability of forwarding the
image to the laboratory.

(© 2016 Japan Prosthodontic Society. Published by Elsevier Ltd. All rights reserved.
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The potential of additive manufacturing technologies and their
processing parameters for the fabrication of all-ceramic
crowns: A review

Mohammad Mujtaba Methani BDS, MS* © | Marta Revilla-Le6n DDS, MSD%34 © |
Amirali Zandinejad DDS, MSc?

!Department of Biomedical Sciences, Texas
A&M University, College of Dentistry, Dallas, Abstract

Texas Objective: This article aims to provide a review of the additive manufacturing tech-
2AEGD residency, Texas A&M University,
College of Dentistry, Dallas, Texas

3Affiliate Faculty Graduate Prosthodontics, tion of all ceramic crowns.
School of Dentistry, University of Washington, Overview: Additive manufacturing has crept its way into the field of dentistry for the fab-

Seattle, Washi
cattle, Washington rication of resin and metal prosthesis. To evaluate the current status of additive
manufacturing for the fabrication of all ceramic crowns, literature review was targeted to

nologies and the processing parameters that have been investigated for the fabrica-

“Revilla Research Center, Madrid, Spain

;“T’”":';‘fmb el 55 include publications pertaining to the fabrication of dental ceramics and all ceramic
jlohammat ) a Methani, aston

Avenue, Room 449, Dallas, TX 75246. crowns. With respect to the additive manufacturing of dental ceramics, five technologies
Emall; mujtaba. methani@hotmall.com have been investigated to date: stereolithography, material extrusion, powder based

fusion, direct inkjet printing, and binder jetting. The processing parameters and experimen-
tal outcomes were collated and described for each of the aforementioned technologies.
Conclusion: Additive manufacturing has demonstrated promising experimental out-
comes and corroborated to the fabrication all ceramic crowns. However, the technol-
ogy is yet to witness a commercial breakthrough within this domain.

Clinical Significance: Additive manufacturing mitigates raw material wastage and
tooling stresses that are associated with milling of ceramics. Continued research and
development can lead to its approbation as an alternate technology for manufactur-
ing all ceramic restorations.

KEYWORDS
3D printing, alumina, dental ceramics, dental porcelain, zirconia

1 | INTRODUCTION TO DIGITAL automizing the stages involved in production.” In the context of den-
WORKFLOW tistry, it simply refers to the elimination of physical handling of speci-
mens and subjecting them to computerized processing.>® This
The exponential advancement in computer technology in the past few approach has been termed as “digital workflow,” a collective term that
decades has led to a digital revolution in many industries by encompasses the three fundamental elements of digital dentistry,
namely data acquisition, data processing, and data manufacturing.®*

ABBREVIATIONS: AM, additive manufacturing; ASTM, American Society of Testing and Acquisition of volumetric digital data is the first step in the digital

Materials; BJ, binder jetting; CAD, computer aided design; DEP, direct energy deposition;

DICOM, digital imaging and communications in medicine; DIP, direct inkjet printing; DLP, workflow. This is simply a virtual impression of the oral and maxillofa-
direct Rght purocessng: ME, iatertal éxtriision; M, misterlal jetiing: OB, object; PBF, povder cial region. It requires the application of one of a variety of digitizers
based fusion; SL, sheet SLA, SM, subtractive manufacturing;

STL, standard transformation language. available that can generate a 3-dimensional (3D) scan/image.>®
J Esthet Restor Dent. 2019;1-11. wileyonlinelibrary.com/journal/jerd © 2019 Wiley Periodicals, Inc. I 1
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ARTICLE INFO

ABSTRACT

Article history: Objectives. Major changes are taking place in dental laboratories as a result of new digital
Received 24 October 2011 technologies. Our aim is to provide an overview of these changes. In this article the reader
Accepted 24 October 2011 will be introduced to the range of layered fabrication technologies and suggestions are made
how these might be used in dentistry.
Methods. Key publications in English from the past two decades are surveyed.
Keywords: Results. The first digital revolution took place many years ago now with the production of
Dental devices dental restorations such as veneers, inlays, crowns and bridges using dental CAD-CAM sys-
CAD-CAM tems and new improved systems appear on the market with great rapidity. The reducing
Intra-oral scanners cost of processing power will ensure that these developments will continue as exemplified
Subtractive machining by the recent introduction of a new range of digital intra-oral scanners. With regard to the
Additive processing manufacture of prostheses this is currently dominated by subtractive machining technology
FDM but it is inevitable that the additive processing routes of layered fabrication, such as FDM,
SLA SLA, SLM and inkjet printing, will start to have an impact. In principle there is no reason
SLM why the technology cannot be extended to all aspects of production of dental prostheses
Inkjet printing and include customized implants, full denture construction and orthodontic appliances. In
fact anything that you might expect a dental laboratory to produce can be done digitally and
potentially more consistently, quicker and at a reduced cost.
Significance. Dental device manufacturing will experience a second revolution when lay-
ered fabrication techniques reach the point of being able to produce high quality dental
prostheses. The challenge for the dental materials research community is to marry the
technology with materials that are suitable for use in dentistry. This can potentially take
dental materials research in a totally different direction.
© 2011 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.
Contents
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microstructural characterization
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Erlangen-Nuremberg, Martenstrasse 5, Erlangen, Germany
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ARTICLE INFO ABSTRACT

Article history: Objective. A deeper understanding of the mechanical behavior of dental restorative mate-
Received 24 October 2016 rials requires an insight into the materials elastic constants and microstructure. Here we
Accepted 26 October 2016 aim to use complementary methodologies to thoroughly characterize chairside CAD/CAM

materials and discuss the benefits and limitations of different analytical strategies.
Methods. Eight commercial CAM/CAM materials, ranging from polycrystalline zirconia

Keywords: (e.max ZirCAD, Ivoclar-Vivadent), reinforced glasses (Vitablocs Mark II, VITA; Empress CAD,
Ceramic Ivoclar-Vivadent) and glass-ceramics (e.max CAD, Ivoclar-Vivadent; Suprinity, VITA; Cel-
Resin composite tra Duo, Dentsply) to hybrid materials (Enamic, VITA; Lava Ultimate, 3M ESPE) have been
CAD/CAM selected. Elastic constants were evaluated using three methods: Resonant Ultrasound
Chairside Spectroscopy (RUS), Resonant Beam Technique (RBT) and Ultrasonic Pulse-Echo (PE). The
Elastic modulus microstructures were characterized using Scanning Electron Microscopy (SEM), Energy Dis-
Poisson'’s ratio persive X-ray Spectroscopy (EDX), Raman Spectroscopy and X-ray Diffraction (XRD).

Microstructure Results. Young’s modulus (E), Shear modulus (G), Bulk modulus (B) and Poisson’s ratio (v)

were obtained for each material. E and v reached values ranging from 10.9 (Lava Ultimate)
to 201.4 (e.max ZirCAD) and 0.173 (Empress CAD) to 0.47 (Lava Ultimate), respectively. RUS
showed to be the most complex and reliable method, while the PE method the easiest to
perform but most unreliable. All dynamic methods have shown limitations in measuring
the elastic constants of materials showing high damping behavior (hybrid materials). SEM
images, Raman spectra and XRD patterns were made available for each material, showing
to be complementary tools in the characterization of their crystal phases.

q

* Corresponding author at: R h Laboratory for Dental Biomaterials, Dental Clinic 1 — Operative Dentistry and Periodontology, Glueck-
strasse 11, D-91054 Erlangen, Germany. Fax: +49 9131 853 3603.
E-mail address: ulrich lohbauer@fau.de (U. Lohbauer).
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0109-5641/© 2016 The Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.
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KEY POINTS

¢ Chairside computer-aided design (CAD) computer-aided manufacturing (CAM) technolo-
gies have emerged into user-friendly and patient-friendly, versatile, and accurate clinical
assets.

o Current intraoral scanning technologies are as accurate as, or even more accurate than,
conventional impression techniques, at least for single-span and short-span multiunit
restorations.

o Design software has been simplified with excellent features to produce natural esthetics
and function.

¢ Milling machines have become smaller, more accurate, and more versatile for a large va-
riety of materials.

e Most modern materials fabricated in the laboratory can also be fabricated chairside in a
single visit: composite resins and various types of ceramics, even zirconia.

INTRODUCTION

Computer-aided design (CAD) computer-aided manufacturing (CAM) systems were
initially developed in 1950 by the defense arm of the United States Air Force for
use in aircraft and automotive manufacturing. It took 3 decades until such technolo-
gies were applied in dentistry, when Francois Duret developed a dental CAD/CAM
device that included an optical impression of the abutment tooth and a humerically
controlled milling machine.” The first restoration was milled in 1983 and the system
demonstrated at the French Dental Association’s International congress in November
1985. Werner Mormann is known as the developer of the first commercial CAD/CAM

Disclosure: The authors have nothing to disclose.

Department of Preventive and Restorative Sciences, University of Pennsylvania School of Dental
Medicine, 240 South 40th Street, Philadelphia, PA 19104, USA
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Dent Clin N Am 63 (2019) 175-197
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0011-8532/19/© 2018 Elsevier Inc. All rights reserved.
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KEY POINTS

¢ Three-dimensional (3D) volume rendering can be useful in volumetric assessment of bone
defects; however, this still needs to be visualized on a computer monitor.

« 3D printing, additive manufacturing, and rapid prototyping techniques are being used in
surgical planning with satisfactory accuracy.

o Categories of additive manufacturing techniques are discussed based on manufacturing
process.
¢ 3D printing applications in dentistry and maxillofacial prosthetics are discussed.

e Limitations include time and cost; accuracy depends on type of 3D printer, material, and
build thickness.

THREE-DIMENSIONAL VOLUME RENDERING

Volume rendering is a set of techniques used to display a 2-dimensional (D) projection
of a 3D discretely sampled data set. These volume-rendered images can be sectioned
in any plane and rotated in space, allowing 3D insight into the anatomy of craniofacial
bones. 3D-rendered images provide additional information for surgical planning and
teaching. Both multislice computed tomography and cone beam computed tomogra-
phy (CBCT) have been shown as reliable techniques in the volumetric assessment of
bone defects in alveolar and palatal regions." With these techniques, accurate assess-
ment of the size and extent of bone defects caused by oral clefts, for example, is
possible. This is important not only in the treatment planning but also to establish

Disclosure Statement: The authors have nothing to disclose.

2 Department of Comprehensive Dentistry, University of Texas Health San Antonio, School of
Dentistry, 7703 Floyd Curl Drive, San Antonio, TX 78229-3900, USA; b Department of Compre-
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Floyd Curl Drive, San Antonio, TX 78229-3900, USA; ¢ Oral Health and Rehabilitation, University
of Louisville School of Dentistry, 501 South Preston Street, Room 311, Louisville, KY 40202, USA
* Corresponding author.
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ABSTRACT

Objectives. The aim of this study was to compare the physical and mechanical properties of
stereolithography (SLA)- manufactured alumina ceramics of different composition to those
of subtractive- manufactured ceramics and to produce suitable dental crown frameworks.
Methods. The physical and mechanical properties of a control and six experimental SLA
ceramics prepared from slurries with small (S) and large (L) particles (0.46+0.03 and
1.56+0.04 um, respectively) and three dry matter contents (70%, 75%, 80%) were evaluated
by dynamic rheometry, hydrostatic weighing, three3-point flexural strength measurements,
and Weibull analyses, and by the micrometrics measurement of shrinkage ratio before and
after the heat treatments.

Results. S75 was the only small particle slurry with a significantly higher viscosity than L70.
The viscosity of the S80 slurry made it impossible to take rheological measurements. The
viscosities of the 575 and 580 slurries caused deformations in the printed layers during SLA
manufacturing and were excluded from further consideration. SLA samples with low dry
matter content had significantly lower and densityflexural strengths. Only SLA samples with
a large particle size and high dry matter content (L75 and L80) were similar in density and
flexural strength to the subtractive- manufactured samples. The 95% confidence intervals of
the Weibull modulus of the L80 ceramic were higher (no overlap fraction) than those of the
L75 ceramic and were similar to the control (overlap fraction). The Weibull characteristics
of L80 ceramic were higher than those of L75 ceramic and the control. SLA can be used to
process suitable crown frameworks but shows results in anisotropic shrinkage.

Significance. The hH High particle size and dry matter content of the L80 slurry allowed made
it possible to produce a reliable ceramic by SLA manufacturing with an anisotropic shrink-
age, and a density, and flexural strength similar to those of a subtractive-manufactured
ceramic. SLA allowed made it possible to build up a dense 3D alumina crown framework

E-mail address: pascal.behin@univ-lille2.fr (P. Béhin).
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0109-5641/® 2017 The Academy of Dental Materials. Published by Elsevier Ltd, All rights reserved.
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A New Classification System for All-Ceramic and
Ceramic-like Restorative Materials
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Ceramics have been the mainstay of esthetic den-
tistry for more than 100 years. Originally in the
naturally occurring feldspathic form, ceramics were
used primarily for anterior teeth as high fusing por-
celain jacket crowns, denture teeth, and partial cov-
erage. Beginning with John McLean’s introduction
of aluminous porcelain in the mid-1960s,' there have
been continuous improvements in strength, esthet-
ics, and methods of fabrication, resulting in dozens of
products for clinicians to choose from.
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©2015 by Quintessence Publishing Co Inc.

Classification systems for all-ceramic materials are useful for communication and
educational purposes and warrant continuous revisions and updates to incorporate new
materials. This article proposes a classification system for ceramic and ceramic-like
restorative materials in an attempt to systematize and include a new class of materials.
This new classification system categorizes ceramic restorative materials into three
families: (1) glass-matrix ceramics, (2) polycrystalline ceramics, and (3) resin-matrix
ceramics. Subfamilies are described in each group along with their composition,
allowing for newly developed materials to be placed into the already existing main
families. The criteria used to differentiate ceramic materials are based on the phase

or phases present in their chemical composition. Thus, an all-ceramic material is
classified according to whether a glass-matrix phase is present (glass-matrix ceramics)
or absent (polycrystalline ceramics) or whether the material contains an organic matrix
highly filled with ceramic particles (resin-matrix ceramics). Also presented are the
manufacturers' clinical indications for the different materials and an overview of the
different fabrication methods and whether they are used as framework materials or
monolithic solutions. Current developments in ceramic materials not yet available to the
dental market are discussed. Int J Prosthodont 2015;28:227-235. doi: 10.11607/ijp.4244

Due to the high number of products available and
the speed at which new products are being intro-
duced, today's clinician faces a complex decision pro-
cess when choosing a ceramic restorative material for
a particular indication. The selection is seldom made
on the basis of a thorough understanding of the mate-
rials’ characteristics. More often, it is based on criteria
such as strength measured in vitro, degree of trans-
lucency, manufacturing techniques, the preference of
the dental laboratory technician, and even advertising
claims.

A classification system of the ceramic materials
used in dentistry is useful for a variety of purposes,
including communication and education. Ideally, a
classification system should be helpful in provid-
ing clinically relevant information about where to
use the material (anterior versus posterior), for what
type of restoration (partial versus full, short versus
long-span), and how to lute it (adhesively versus tra-
ditionally). Different classification systems have been
proposed that focus on clinical indications, composi-
tion, ability to be etched, processing methods, firing
temperatures, microstructure, translucency, fracture
resistance, and antagonist wear.2-% These classifica-
tions, however, tend to be either vague or imprecise,
and they do not easily allow for the inclusion of new
restorative materials.

Volume 28, Number 3, 2015 227
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ARTICLE INFO ABSTRACT

Article history: Objectives: To evaluate colour differences between (1) CAD-CAM ceramic systems consid-
Received 7 October 2014 eringshades A1, A2 and A3 and the corresponding nominal shade of VC (Vita Classical shade
Received in revised form guide) and (2) shades A1-A2, A2-A3 and A1, A2 and A3 within the same ceramic system.

21 January 2015 Methods: Samples of shades A1, A2 and A3 were fabricated (n = 5) from CAD-CAM ceramic
Accepted 26 February 2015 blocks (IPS e.max™ CAD LT and HT, IPS Empress™ CAD LT and HT, Paradigm™ C, and

VITABLOCS™ Mark II) and polished to 1.0 + 0.01 mm in thickness. Spectral reflectance and
colour coordinates were measured using a spectroradiometer inside a viewing booth using

Keywords: the CIE D65 illuminant and the d/0° geometry. Spectral reflectance curves were compared
Colour using VAF coefficient and were statistically analyzed using Kruskal-Wallis and the Mann-
Dental ceramics Whitney U test («=0.05). Colour coordinates were statistically analyzed using one-way
Reflectance ANOVA, Tukey’s test with Bonferroni correction (« = 0.001). All colour differences (AE;, and

AE() were analyzed through comparisons with the PT - perceptibility and AT - acceptability
thresholds for dental ceramics.
Results: AE between ceramic systems and its corresponding shade ranged from 6.32 to 13.42
(AE;;) and 4.48 to 9.30 (AEoo). AE between shades A1-A2, A2-A3 and A1, A2 and A3 ranged,
respectively, 1.93-4.82, 1.22-5.59 and 3.63-8.84 (AE}); 1.54-3.87, 1.03-3.90 and 2.95-6.51
(AEoo).
Conclusions: Considering the corresponding nominal shade from VC, none of the ceramic
systems showed colour differences below the AT. In addition, some ceramic systems
showed colour differences below AT (shades A1-A2 and A2-A3) and below PT (shades
A2-A3).
Clinical significance: Careful adjustments should be made to the final shade of CAD-CAM
ceramic restorations to reach a clinically acceptable shade match.

© 2015 Elsevier Ltd. All rights reserved.
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Ceramic materials in dentistry: historical evolution and
current practice
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ABSTRACT

Dental ceramics are presented within a simplifying framework allowing for facile understanding of their development,
composition and indications. Engineering assessments of clinical function are dealt with and literature is reviewed on the
clinical behaviour of all-ceramic systems. Practical aspects are presented regarding the choice and use of dental ceramics to
maximize aesthetics and durability, emphasizing what we know and how we know it.

Keywords: Ceramics, particle-filled glasses, polyerystalline ceramics, CAD/CAM, all-ceramic restorations.

Abbreviation: LTD = low temperature degradation.

‘craft art’ as the likely source of ceramics introduced

CERAMICS IN DENTISTRY — WHERE DID THIS STUFF . .
into dentistry at any stage of development.

COME FROM? In the early 1700s many European rulers were
It is quite useful reviewing how and why ceramics came spending enormous sums importing porcelain from
to be used in dentistry. This account serves three China and Japan. Figure 1, from Schloss Charlotten-
purposes: (1) to alert practitioners to the fact that the burg in Berlin, is representative of just small portions of
use of ceramics, since the very beginning, always one of these collections. The collection of Augustus III
represented the adoption of ‘high technology’ versus of Saxony was perhaps the largest and is now on
‘craft art’; (2) to reinforce the concept that ceramics and display at the Zwinger Museum in Dresden, his former
improved ceramics were introduced in order to solve palace. Such activity led China to be characterized as
specific problems or to increase restorative versatility; being ‘the bleeding bowl of Europe’. Between 1604 and
and (3) to provide a gentle background into the nature 1657 alone, over three million pieces of Chinese
and science of ceramics. Astute readers are also porcelain reached Europe.' In 1700, ‘East Indiamen’
provided with clues as to where to watch for the ships unloaded 146 748 pieces in a European port in
emergence of new ceramic technologies. just one day as the market for porcelain grew insatia-
Since a distinction was drawn between ‘high tech- ble.!
nology’ and ‘craft art’ it is useful to provide some basic One response to this situation involved state spon-
defining characteristics of each. Many would agree that sored research into ‘porcelain discovery’. Notable
‘high technology’ should include: (1) dentistry borrow- European leaders including Augustus (III) the Strong,
ing materials/processes shortly after their being devel- King of Poland and Elector of Saxony along with the
oped by an unrelated industry; (2) incorporation of new Medici family of Florence, Italy were independently
learning from recent scientific literature outside of sponsoring research into the development of a Euro-
dental medicine; and (3) the spread of outright new pean porcelain to match the hard, translucent and
inventions within dentistry. ‘Craft art’, on the other sonorous material developed in eastern Asia nearly
hand, brings to mind materials and techniques bor- 1100 years earlier. Europeans strived at ‘porcelain
rowed from those involved in jewellery making, the arts discovery’ without much success for about 200 years
and the manufacture of everyday goods. All audiences and this activity is credited with being largely respon-
the senior author has spoken to before have chosen sible for the growth of modern analytical chemistry
84 © 2011 Australian Dental Association
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DEMYSTIFYING MODERN

DENTAL CERAMICS

ABSTRACT

With increasing patient expectation for aesthetic dental restorations, there has
been a drive towards developing ceramic materials to meet this expectation.
Multiple ceramic systems have been introduced over the past four decades with
considerable advances in material properties. Survival rates of all-ceramic crowns
differ by type of ceramic used, fabrication method and clinical indication.
Zirconia and lithium disilicate are the most commonly used contemporary ceramic
materials in dentistry. Survival data for these types of restorations appears to be
promising; however, there is a lack of high-quality long-term clinical data on the
success of these restorations. In the absence of robust longitudinal clinical
research, laboratory studies have provided some useful information on the
performance of ceramic restorations. Further high quality long-term clinical studies
are needed fo inform us of modes of failure of these restorations and the range

of clinical circumstances in which each type of ceramic restoration may be used.

Introduction

Materials for indirect dental restorations
can be broadly divided into three main
categories: metal alloys (all-metal and
metal-ceramic), all ceramic and resin-
based composites. Of these restorative
materials, it is widely accepted that
cast gold alloy restorations provide
extremely predictable long-term clinical
service, with reported survival rates

of 94.1% at 40 years.! Metal-ceramic
restorations offer the advantage of
combining good clinical longevity

with reasonable aesthetic outcomes.2?
Overtime however, there has been

an increasing patient expectation for
higher aesthetic outcomes and metal-
free restorations. This has led to a drive
towards engineering and developing

76

ceramic materials to meet this demand.
Multiple ceramic systems have been
introduced over the past four decades*
with considerable advances in material
properties. Survival rates of allceramic
crowns differ by the type of ceramic
used, fabrication method and clinical
indication.5¢

Each type of ceramic material has

its own advantages and limitations,
and it is the clinician’s responsibility
to guide the patient as to which
material will meet their functional and
aesthetic needs. The aim of this paper
is to provide an overview of the most
common contemporary ceramics used
in dentistry and outline their benefits
and limitations.
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Objective. The main goal of this review is to provide a detailed and comprehensive description
of the published work from the past decade regarding AM of ceramic materials with possible
applications in dentistry. The main printable materials and most common technologies are
also addressed, underlining their advantages and main drawbacks.
Methods. Online databases (Web of knowledge, Science Direct, PubMed) were consulted on
this topic. Published work from 2008 to 2018 was collected, analyzed and the relevant papers
were selected for inclusion on this review.
Results. Ceramic materials are broadly used in dentistry to restore/replace damaged or miss-
ing teeth, due to their biocompatibility, chemical stability and mechanical and aesthetic
properties. However, there are several unmet challenges regarding their processing and per-
formance. Due to their brittleness nature, a very tight control of the manufacturing process is
needed to obtain dental pieces with adequate mechanical properties. Additive manufactur-
ing (AM) is an emerging technology that constitutes an interesting and viable manufacturing
alternative to the conventional subtractive methods. AM enables the production of cus-
tomized complex 3D parts in a more sustainable and less expensive way. AM of ceramics
can be achieved with an extensive variety of methods.
Significance. There is no perfect technology for all materials/applications, capable alone of
fulfilling all the specificities and necessities of every patient. Although very promising, AM
of ceramic dental materials remains understudied and further work is required to make it
a widespread technology in dentistry.

© 2019 The Academy of Dental Materials. Published by Elsevier Inc. All rights reserved.
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Materials in digital dentistry—A review
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Abstract
Obijective: To review materials available in computer-aided design/computer-aided
manufacturing (CAD/CAM), their various properties and accuracy are compared to

Correspondence

Taiseer A. Sulaiman, Division Director of
Operative Dentistry and Biomaterials,
Department of Restorative Sciences, UNC
Adams School of Dentistry, 4604 Koury Oral
Health Sciences Building, CB 7450, Chapel
Hill, NC 27599.

Email: sulaiman@unc.edu

conventional materials/methods when available.

Overview: CAD/CAM in dentistry is constantly growing and becoming a user- and
patient-friendly technology and service using intraoral scanners and laboratory/
chairside milling units to manufacture dental restorations and appliances from multi-
ple materials including wax, metals, composite resins, and ceramics. Properties of
these materials may vary when compared to restorations prepared from conventional
and additive manufacturing methods. Understanding the differences in these proper-
ties is important for material and fabrication method selection. Additive manufactur-
ing is becoming an alternative to subtractive manufacturing in many applications.
However, chemical composition, mechanical and physical properties of these mate-
rials are still lacking. 3D printed materials require a considerable amount of research
and time to prove their clinical efficacy.

Conclusion: The current developments in, and possibilities of, CAD/CAM technology
is exciting and is transforming restorative dentistry. With all this excitement, it is cru-
cially important to ensure that proper testing and evaluation of the various materials
are warranted before making definite claims and decisions to replace conventionally
prepared materials.

Clinical Significance: CAD/CAM materials are versatile and emerging as the material
of choice for many restorations and appliances. For recently introduced CAD/CAM
materials, it is important to ensure that proper clinical- and research-based evidence
confirming the success and durability of these materials are available before rec-
ommending them in patient care.

KEYWORDS
additive manufacturing, CAD/CAM dentistry, dental materials, digital dentistry, subtractive
manufacturing

1 | INTRODUCTION

data, and a fabrication system that transforms the data into an actual
restoration, denture, or appliance. This “digital workflow” records both

Computer-aided design/computer-aided manufacturing (CAD/CAM)
has been used for decades in industry and has increased in popularity
over the past years in dentistry from making impressions, casts, and
provisional fabrication to the final restorations.”® Dental CAD/CAM

systems consist of a scanner, software that processes the scanned

dentitions allowing the clinician to review and evaluate the tooth
preparation and design a restoration that fulfills the intended treat-
ment plan. A digital file can be uploaded to a cloud server for quick
communication with the technician allowing any adjustment to be

made before continuing to the next step. The process is usually time

J Esthet Restor Dent. 2020;1-11.

wileyonlinelibrary.com/journal/jerd
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RESTORATIVE DENTISTRY

The 3D-printed prototype: a new protocol for the
evaluation and potential adaptation of monolithic
all-ceramic restorations before finalization

Juan Legaz, DDS/Duygu Karasan, PhD, DDS/Vincent Fehmer, MDT/Irena Sailer, Prof Dr med dent

The prototyping protocol to evaluate and make the potential
adjustments prior to finalization of the monolithic restorations
was described by two clinical situations. In the first case report,
following the digital impressions using an intraoral scanner
(3Shape Trios, 3Shape) for an implant-supported four-unit fixed
dental prosthesis, a digital design (3Shape Dental System,
3Shape) was performed and a prototype using subtractive CAM
(milling) (PMMA, Telio CAD, Ivoclar Vivadent) was fabricated.
The second case highlights the 3D-printed prototyping (addi-
tive CAM) (Sheraprint Model Plus UV, Shera) following digital

impressions using an intraoral scanner and digital design in a
patient requiring two opposing open-end three-unit fixed den-
tal prostheses. By means of prototyping, the esthetic, fitting,
and functional properties could be tested and the adjustments
were completed on the prototypes. It is suggested that proto-
typing is an efficient tool that minimizes the clinical adjustment
need for the final restoration while improving the communica-
tion between the dental practitioner and the technician.
(Quintessence Int 2020;51:538-544; doi: 10.3290/].qi.a44635)

Key words: CAD/CAM, ceramics, diagnostic procedure, digital workflow, prosthodontics

To achieve long-term success in restorative dentistry, compre-
hensive diagnostics and treatment planning followed by effi-
cient communication among the dental practitioner, dental
technician, and patient are crucial."* The evolution of dentistry
in recent years has provided tools and materials to enhance the
predictability and precision of the restorations by digital
design,* allowing a wider range of manufacturing methods of
the selected reconstructions and the associated materials.>®

Based on systematic reviews, the estimated 5-year survival
rates of multiple-unit fixed dental prostheses (FDPs) are
reported as 94.4% for metal-ceramic and 90.4% for all-ceramic
densely sintered zirconia when tooth-supported,’ and as 98.7%
for metal-ceramic and 93.0% for zirconia ceramic/monolithic
zirconia when implant-supported.® Of the 5-year cumulative
complication rates of zirconia ceramic, the most common tech-
nical complication was reported as fracture or chipping of the
veneering material, with a rate of 50% (95% confidence interval
[C1] 29.1% to 72.1%).}

538

QUINTESSENCE INTERNATIONAL

There is a fundamental difference between the veneered
and monolithic restorations when it comes to their adjustabil-
ity.” Monolithic high-strength ceramic restorations demon-
strate difficulty in clinical adjustment, which can lead to a
potential loss in initial strength following the adjustments.'® It
was reported that micro-roughness, as a result of grinding on
the surface of monolithic restorative materials, leads to crack
propagation originating from those areas.'"'? Thereby, this can
jeopardize the mechanical superiority of those materials rec-
ommended for use in high stress-bearing areas.'"'? Therefore, it
is important to minimize the need for chairside adjustments of
monolithic zirconia restorations. By means of the technologic
developments and increased variety of material alternatives,
fabricating prototypes by either additive or subtractive meth-
ods became viable. The esthetics, fit, and functional properties
can be tested by these prototypes, prior to the fabrication of
the definitive prostheses. Accordingly, the necessity of clinical
adjustment may be minimized.

volume 51 « number 7 - July /August 2020

79



.materials ﬁn\ogy

Revaew
Ceramic Materials and Technologies Applied to Digital
Works in Implant-Supported Restorative Dentistry

Se-Wook Pyo ', Dae-Joon Kim ?, Jung-Suk Han * and In-Sung Luke Yeo '+ 0
! Department of Dentsstry, Awu University Schoal of Medicine, Suwan 16499, Gyeonggrdo, Korea
?  Acucera Inc, Pocheon 11192, Gyeonggi<d o, Kotea
7 Department of Prosthadantics, School of Destastry and Dental Research Institute, Seoul National University,
Seoul 03080, K arca
*  Correspondence: prosSiisnuac kr; Tel - +822 2072-2661 Fax: +82-2- 217238600

A ack
Recerved 27 March 200, Acaopted: 20 Apnl 20X, Published 22 Aprl 2020 © epdates

Abstract: Computer-aided design and manufactuning technology has been closely associated with
implantsupported restoration. The digital system emp loyed for prosthodontic restorations comprises
data acquisition, processing, and manufacturing wing subtractive or additive methods. As digital
implntology has developed, optical scanning, computer-based digital algorithms, fabricating
techniques, and numerical control skills have all rapidly improved in terms of their accuracy, which
has resulted in the development of new ceramic materials with advanced esthetics and durability for
clinical application. This study reviews the application of digital technology in implant-supported
dental restoration and explores two globally utilized ceramic rstorative matenak: Yitriastabilized
tetragonal zrconda polyerystalline and lithmm disabcate glass conmics

Keywonds: computer-aided design; analog-digital convemsion; y ttna-stabilized tet mgonal zirconia
lithaum disilicate; implant-supported dental prosthesis

1 Introduction

A close mssociation between computeraided design (CAD)compute raxded manufacturing (CAM)
technology and implant dentistry has been developed since 1973, when Duret first perdormed dental
restorative treatment using digital skills [1] The CAD phase consists of data acquisition, design for
provisional or defindtive restoration, and implant installation planning based on the restorative design
in a virtual space or using software. A subtractive milling machine cuts a block of restorative material
to make the CAD product during the CAM phase, using cutting tools and the cakulated paths of these
toals. Recently, additive manufacturing technolog y has been introduced i vanous clinical dental
fields and used to produce mplantsupported restoration in digital works [ 2]

Some dental CAD/CAM systems are wsed to make prosthodontic restorations in clindcians” offices
(in-office type), which are delivered to patients’ mouths on the day of treatment [3]. Many dental
CADCAM systems produce ther products in dental laboratories (in-lab type) The m-office type of
LAD((.AMW has a namow range of applications limited to inlays, porcelain lammnate veneers,
and sing ke crowns b of the conditions in the clinic [45]. However, as the in-office type isan
all-m-one sy stem containing dats acquisition, processing , and manufacturing, many restorations have
been made with this inoffice CAD/CAM and used chimcally [5,6]. The inclab type produces not only
single restorative modalities, but also long -span fived dental prostheses replicing four, five, or even
more missing feeth. Such a CAD/CAM system requires transfer of the oml data of a patient to the
dental libomtory. A stone model i scanned using aneximoral scanner, while the digital impression
technigue with an intraoral scanner is employed for conventional imp ression-taking step in the clinic.

Mudrads 2000, 13, 1954, o 103390 mal 308 964 woww ke com o s Ve b
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Abstract

Objective: This articke alms to provide a review of the additive manufac turing tech-
nologies and the procesing paramaters that have been investigated for the fabrica-
tion of all ceramic crowns.

Overview: Additive manufacturng has aept its way into the fidd of dentistry for the fab-
rication of redn and metil prosthesis To evahuate the amrent status of addithe
manufacturing for e fabaication of Al commic crowns, Ileature review wins targeted to
Inchude pubiications pertaining to the fabrication of dental coramics and ol ceramic
crowns. With respect to the additive manufactudng of dental ceramics, five technologies
have boen investigated to date storeolithograghy. materd extrusion, powder based
fusion, drect inkjet printng, and bindor jetting. The processing po e miters and expoerknen-
1ol outcomes were callated and described for each of the afarementioned technologes.
Conclusion: Additive manuf acturing has demonstrated promising experimental out-
comes and comoborated to the fabri cation all ceramic Crowns. However. the technod-
ORy 1 yet 1o witness 2 commercial Break through within this domain,

Clinkcal Significance: Additive manad acturing mitigates v materll wastage and
tooling stresses that are asoc lated with milling of ceramics. Continued nesearch and
development can kead 1o its approbation as an alternate technology for manufactur-
Ing all ceramic restorations.

KEYWORDS
D prieting. alurmina, demal covamica, dental poree ben, tirconia
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tatry. it senply refers 1o the elemination of ghysical handing of spech-
mens and subjecting them to computerised procmsng’”’ This
agproach has boen termed @ “digal workfow.” a callectve femn that
orcompasses the thvoe findamentsl efements of dgtal dentisty,
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Actunition of valumetrc dgtal data bs the fiest siep in the dightal

Moteriad e B by iher o g CALD, corrgnt o o dhond dhoniy COE I ol wnt srmrgy dhop ol ey

DL N = I I T R R TR L R R TR
et Mgl ME i d o S nsee ML e ssrng G g PEF e
A Wik

bt Ambere S sl

werkfiow. Thisis senply & vetus imngrem on of the oral aned maxiliofs-
ol regon. it requires the apgiication of one of a varety of dgitizen

U e T

avalbble tht cn gererste a Jdimensonal (JD) scan/image "

Jlamet Restor Dt 2019111

ey ol Ity vy com o i e d € 2019 Wiy Pariodicis, e l 1

81



M) Check for updates

Critical Reviews in Oral Biology & Medicine

Journal of Dental Research

CAD/CAM Ceramic Restorative Y- ——

for Dental Research 2018

Materials for Natural Teeth Reprins and permissions:

sagepub.com/journalsPermissions.nav
DOI: 10.1177/00220345 18779759
journals.sagepub.com/home/jdr

F.A. Spitznagel' ", J. Boldt', and P.C. Gierthmuehlen'

Abstract

Advances in computer-aided design (CAD) / computer-aided manufacturing (CAM) technologies and their ease of application enabled
the development of novel treatment concepts for modern prosthodontics. This recent paradigm shift in fixed prosthodontics from
traditional to minimally invasive treatment approaches is evidenced by the clinical long-term success of bonded CAD/CAM glass-ceramic
restorations. Today, defect-oriented restorations, such as inlays, onlays, and posterior crowns, are predominately fabricated from glass-
ceramics in monolithic application. The variety of CAD/CAM ceramic restorative systems is constantly evolving to meet the increased
demands for highly aesthetic, biocompatible, and long-lasting restorations. Recently introduced polymer-infiltrated ceramic network
CAD/CAM blocks add innovative treatment options in CAD/CAM chairside |-visit restorations. The material-specific high-edge stability
enables the CAD/CAM machinability of thin restoration margins. Full-contour zirconia restorations are constantly gaining market
share at the expense of bilayered systems. Advancements in material science and bonding protocols foster the development of novel
material combinations or fabrication techniques of proven high-strength zirconia ceramics. CAD/CAM applications offer a standardized
manufacturing process resulting in a reliable, predictable, and economic workflow for individual and complex teeth-supported
restorations. More evidence from long-term clinical studies is needed to verify the clinical performance of monolithic polymer-infiltrated
ceramic network and zirconia teeth-supported minimally invasive and extensive restorations.

Keywords: computer-aided design, clinical outcomes, ceramics, prosthetic dentistry/prosthodontics, minimally invasive dentistry,
aesthetics dental

Introduction orthodontics, and complex treatment-planning strategies.
Hence, the decision to choose the right material for each indi-
cation has become challenging.

Consequently, the aim of this work is to review the evolution
of CAD/CAD ceramic materials, to survey their respective prop-
erties, and to critically discuss the recent clinical evidence.

Computer-aided design (CAD) / computer-aided manufactur-
ing (CAM) technology is one of the fastest-evolving aspects in
modern restorative dentistry. The track record of CAD/CAM
technology and chairside dentistry started in 1985, when
Mormann and Brandestini introduced the Cerec system.

An increasing number of chairside systems are now avail-
able (Zaruba and Mehl 2017). Intraoral scanners have become ~ Evolution and State of the Art of CAD/
significantly better, faster, and smaller, with more intuitive CAM Ceramic Restorative Materials
design software surfaces. This virtual environment with on-screen
designing and computer-assisted production with rapid proto- Glass-Ceramics
typing, such as milling or the growing option of 3-dimensional
printing possibilities, allows for the fabrication of various resto-
rations without any physical models. Major advantages for the
digital workflow over the conventional impression technique
are patient’s preferences as well as excellent marginal and inter-
nal fit of fixed prosthodontics (Chochlidakis et al. 2016;
Gallardo et al. 2018). Due to the application of homogeneous
industrial blanks and blocks, fewer material failures are likely
to occur during fabrication and clinical application (Belli et al. 'Department of Prosthodontics, School of Dentistry, Heinrich-Heine-
2017). In comparison with hand-built materials, CAD/CAM University, Diisseldorf, Germany
blocks reveal a decreased presence of flaws and pores, resulting
i Giiens Corresponding Author:
in increased reliability (Zhang _and K,e"y 2017). . F.A. Spitznagel, Department of Prosthodontics, School of Dentistry,

A large range of materials (Fig. 1) is currently available forthe  pejnrich-Heine-University, MoorenstraBe 5, 40225 Diisseldor,
digital manufacturing process, increasing the range of indica- Germany.
tions in the field of restorative dentistry, dental implantology, Email: frank.spitznagel@med.uni-duesseldorf.de

Silica. The first CAD/CAM fine-structure feldspar ceramics
(VITA Mark II; VITA-Zahnfabrik) evolved from traditional
feldspathic ceramics and are still in clinical application (Table).
The microstructural characterization of this feldspathic CAD/
CAM ceramic reveals 2 crystallization patterns, with a sodium
potassium aluminum silicate peak (AlK;Na,0,4Si,) and a
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Objective. Strength is one of the preferred parameters used in dentistry for determining
clinical indication of dental restoratives. However, small dimensions of CAD/CAM blocks
limit reliable measurements with standardized uniaxial bending tests. The objective of this
study was to introduce the ball-on-three-ball (B3B) biaxial strength test for dental for small
CAD/CAM block in the context of the size effect on strength predicted by the Weibull theory.
Methods. Eight representative chairside CAD/CAM materials ranging from polycrystalline zir-
conia (e.max ZirCAD, Ivoclar-Vivadent), reinforced glasses (Vitablocs Mark II, VITA; Empress
CAD, Ivoclar-Vivadent) and glass-ceramics (e.max CAD, Ivoclar-Vivadent; Suprinity, VITA;
Celtra Duo, Dentsply) to hybrid materials (Enamic, VITA; Lava Ultimate, 3M ESPE) have
been selected. Specimens were prepared with highly polished surfaces in rectangular plate
(12 x 12 x 1.2mm?) or round disc (@ =12mm, thickness=1.2mm) geometries. Specimens
were tested using the B3B assembly and the biaxial strength was determined using cal-
culations derived from finite element analyses of the respective stress fields. Size effects on
strength were determined based on results from 4-point-bending specimens.
Results. A good agreement was found between the biaxial strength results for the differ-
ent geometries (plates vs. discs) using the B3B test. Strength values ranged from 110.9MPa
(Vitablocs Mark II) to 1303.21 MPa (e.max ZirCAD). The strength dependency on specimen
size was demonstrated through the calculated effective volume/surface.
Significance. The B3B test has shown to be a reliable and simple method for determining the
biaxial strength restorative materials supplied as small CAD/CAM blocks. A flexible solution
was made available for the B3B test in the rectangular plate geometry.

© 2016 The Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

* Corresponding author at: Research Laboratory for Dental Biomaterials, Dental Clinic 1—Operative Dentistry and Periodontology, Glueck-
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Effect of selective enamel etching on clinical
performance of CAD/CAM partial ceramic
crowns luted with a self-adhesive resin cement

Marianne Federlin - Karl-Anton Hiller -
Gottfried Schmalz
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Abstract

Objectives This study was conducted to evaluate a self-
adhesive resin luting cement [RelyX Unicem 3MESPE-
RXU] for luting partial ceramic crowns (PCCs) with and
without selective enamel etching in a prospective, randomized
clinical trial.

Materials and methods Thirty-four patients had received the
intended treatment. Two PCCs (Vita Mark II; Cerec 3D;
Sirona) had been placed in a split-mouth design: one with
RXU without enamel etching (RXU), the other with RXU
with selective enamel etching (RXU+E). Restorations were
evaluated at baseline (BL) and after 12, 24, and 36 months
(USPHS criteria). For statistical analysis, the Chi-square test
was applied (=0.05). Clinical survival of all restorations
(n=68) after 3 years was determined using Kaplan—Meier
analysis.

Results Twenty three patients (12 male/11 female) were avail-
able for clinical evaluation after 3 years. 19 RXU-PCCs were
placed in molars, four in premolars, 18 RXU+E-PCCs in
molars, five in premolars. Concerning clinical changes, no
significant differences were found between luting strategies
RXU/RXU+E at all recalls. Statistically significant changes
over time were observed for marginal adaptation and mar-
ginal discoloration between BL and 36 m for RXU and
RXU+E. For RXU+E, postoperative hypersensitivities de-
creased significantly from BL (n=6) to 36 m (n=0). Of the
68 restorations originally included, eight RXU and four
RXU+E restorations failed. At 3 years, Kaplan-Meier surviv-
al of RXU was 72.9 %, that of RXU+E 87.6 %. Survival rates
were not statistically significant different.

M. Federlin (34) - K.-. Hiller - G. Schmalz

Department of Operative Dentistry and Periodontology, Dental
School, University of Regensburg, Franz Josef Strauss Alle 11,
93053 Regensburg, Germany

e-mail: marianne.federlin@klinik.uni-regensburg.de

Published online: 10 January 2014

Conclusions Although clinical survival of RXU+E is slightly
better at 3 years, restorations of both groups perform similar
with respect to clinical changes over time as evaluated by
modified USPHS criteria.

Clinical relevance The self-adhesive resin cement RXU can
be used in conjunction with selective enamel etching, because
survival rates of PCCs in the RXU+E group were not lower
but, as a trend, even better than without enamel etching.

Keywords Controlled - Prospective clinical study - Partial
ceramic crowns - Clinical evaluation - Self-adhesive cement -
Selective enamel etching

Introduction

One major development in order to make the process of adhe-
sive luting less technique-sensitive and time-consuming has
been the introduction of self-adhesive universal luting materials
in the beginning of the 21st century [12, 19, 29, 37]. As lined
out by Stamatacos and Simon [37], self-adhesive universal
luting materials can bond to an unconditioned tooth surface,
respectively, the smear layer, without pretreatment with an acid
or adhesive. Thus, incorporation of the restoration is accom-
plished in one single step. Self-adhesive resin cements contain
phosphoric acid and/or carboxylic acid methacrylate mono-
mers. After mixing, the phosphoric acid groups react with the
hard tooth tissue, on the one hand, and with basic fillers
incorporated in the luting material, on the other hand
(cement reaction), thus forming a bond. Parallel to the cement
reaction, polymerization of the methacrylate monomers is ini-
tiated (radical polymerization). While the material sets, the acid
groups are neutralized, and it tums from hydrophilic to hydro-
phobic [17, 43]. The pretreatment of the ceramic restoration
usually follows the ceramic manufacturer's recommendations

@ Springer
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A 3-year clinical evaluation of endodontically treated posterior
teeth restored with two different materials using the

CEREC AC chair-side system

Ting Lu, MS, PhD,? Ling Peng, MS,® Fu Xiong, PhD, Xiao-Yu Lin, BS, Ping Zhang, BS,® Zhi-Ting Lin, BS," and

Chairside immediate ceramic res-
torations make use of computer-
aided design and computer-aided
manufacturing (CAD-CAM) to
complete the restoration fabrica-
tion process in a single visit. This
technique has become popular
and led prosthetic dentistry into a
digital era.” CEREC AC (Dentsply
Sirona) was first introduced in
2009. The CEREC AC Bluecam
uses blue wavelength light and
allows dentists to produce virtual
models of a higher resolution
than with those of the earlier
CEREC Acquisition unit system.”

The fracture rate of endodon-
tically treated teeth is higher than
that of vital teeth.® An onlay is an
indirect restoration retained by
intracoronal boxes (vital teeth) or
extended into the pulp chamber
(nonvital teeth) that covers the
occlusal surface.” Onlay restora-
tions not only restore the tooth
structure, but can provide optimal

Bu-Ling Wu, DDS, PhD?

ABSTRACT

Statement of problem. The intreduction of polymer-infiltrated ceramic network (PICN) materials
may provide more options for dentists in restoring short clinical crowns and extensively damaged
posterior teeth, but clinical data for their performance are lacking.

Purpose. The purpose of this clinical study was to compare the 3-year performance and survival
rates of PICN material with those of conservative ceramic onlay restorations for endodontically
treated posterior teeth using the CEREC AC chair-side system.

Material and methods. A total of 101 onlay restorations of endodontically treated posterior teeth
using the CEREC AC chair-side system were provided in 93 participants. The 101 teeth were
divided into 2 groups: Vita Enamic group and Vitablocs Mark Il group. Using the modified US
Public Health Service quality evaluation system, 2 calibrated evaluators examined the
performance of the onlay restorations over 3 years. The Kaplan-Meier method was adopted to
analyze the survival rate of restorations (#=.05). The log rank test was used to compare the
survival rates of the 2 groups. The Fisher exact test was performed to detect differences in
the success rates for extensively damaged teeth and short clinical crown restorations between
the 2 groups. The Silness and Loe gingival index was also recorded.

Results. The restoration survival rates in the 2 groups were 97.0% (Vita Enamic) and 90.7%
(Vitablocs Mark 1l) (P>.05). Five failures were recorded (4.95%). These failures were caused by
restoration debonding (60%), ceramic fractures (20%), and tooth fractures (20%). There were no
significant differences between the success rates of restoring extensively damaged teeth and short
clinical crowns between the 2 groups (P>.05). The periodontal condition of 25% of participants
was improved 3 years after the onlay restorations.

Conclusions. Onlay restorations of endodontically treated posterior teeth with Vita Enamic using
the CEREC AC chair-side system are clinically promising prosthodontic alternatives, with a survival
rate of 97.0% after 3 years. More research is needed to verify the results of this study. (J Prosthet
Dent 2017;m:m-m)
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Monolithic CAD-CAM lithium disilicate versus monolithic
CAD-CAM zirconia for single implant-supported posterior
crowns using a digital workflow: A 3-year cross-sectional

retrospective study

Paolo De Angelis, DDS,” Pier Carmine Passarelli, DDS,” Giulio Gasparini, MD,” Roberto Boniello, DDS,”
Giuseppe D'’Amato, DDS,° and Silvio De Angelis, DDS'

Among the new digital tech-
nologies introduced to prostho-
dontics and restorative dentistry
is computer-aided design and
computer-aided manufacturing
(CAD-CAM).' ® The introduc-
tion of monolithic materials with
CAD-CAM technology has
ensured high biocompatibility,
better esthetics, and improved
biomechanical properties over
traditional materials.”® Never-
theless, the traditional approach,
which uses conventional im-
pressions and stone casts to
fabricate metal-ceramic restora-
tions by the lost-wax technique,
has well-established long-term
outcomes and reliability.
Recently, lithium disilicate
and monolithic zirconia have
become popular materials for

the fabrication of implant-supported crowns, with
lithium disilicate providing higher translucency and lower
mechanical strength than zirconia.”” Complications with
implant restorations can be divided into technical (loss of

ABSTRACT

Statement of problem. Dentistry has evolved significantly with the introduction of digital
technologies and materials; however, clinical evidence for the performance of the complete digital
workflow for single implant-supported posterior crowns is lacking.

Purpose. The purpose of this cross-sectional retrospective clinical study was to compare the clinical
outcomes of 2 types of implant-supported crown used to replace a single missing posterior tooth in
a completely digital workflow: transocclusal screw-retained monolithic lithium disilicate crowns
versus transocclusal screw-retained monolithic zirconia crowns.

Material and methods. A total of 38 participants who had been provided with dental implants and
transocclusal screw-retained monolithic lithium disilicate or zirconia single crowns were evaluated
in the study. Clinical and esthetic outcomes were recorded after a 3-year follow-up.

Results. Both groups had comparable clinical outcomes with a survival rate of 100%. In the lithium
disilicate group, 89% of the participants were free of technical complications, and 95%, in the
zirconia group. Only 1 patient experienced minor chipping affecting a lithium disilicate crown. All
complications were considered minor and were easily resolved, and none of the participants
required replacement of a crown. No biological complications were recorded in either group.

Conclusions. Within the limitations of this cross-sectional retrospective clinical study, monolithic
lithium disilicate and zirconia screw-retained single crowns fabricated using computer-aided
design and computer-aided manufacturing (CAD-CAM) and a fully digital workflow were found
to be reliable and suitable clinical options for restoring a posterior missing tooth on a dental
implant. (J Prosthet Dent 2019;m:m-m)

retention, fracture of porcelain, framework or secondary
parts, and screw loosening) and biological (peri-implant
radiolucencies, signs of peri-implantitis). To validate the
use of these monolithic materials for screw-retained
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According to the American College of Prosthodontists, 178 million people in the United
States, which represents 55% of the US population, are missing at least 1 tooth and
this number is expected to grow over the next 2 decades because of an aging popu-
lation. Teeth play a critically important role in human life because loss of function re-
duces pecple's abilty to eat a balanced diet, with negative consequences for
systemic heailth. Loss of esthetics can also negatively affect social function. Both
function and esthetics can be restored with dental crowns and fixed dental prostheses
(FDPs). Coramics have become increasingly popular as restorative materials because
of thekr esthetics, inertness, and biocompatibility, Of the crowns and fixed prostheses
cumrently produced in the United States, 80.2% are all-ceramic restorations, 16.9%
are porcelain fused to metal (PFM), 2.2% are full-cast, and 0.7 % are resin-based com-
posite (RBC).' Dermnands for more esthetic and metal-free restorations, as well as soar-
ing metal prices, are likely to increase further the number of all-ceramic prostheses.”
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Clinical outcomes of lithium disilicate glass-ceramic crowns fabricated
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Mechanical properties and internal fit of 4 CAD-CAM
block materials

Alexis Goujat, MSD,” Hazem Abouelleil, MSD," Pierre Colon, PhD, Christophe Jeannin, PhD,’
Nelly Pradelle, PhD,” Dominique Seux, PhD,” and Brigitte Grosgogeat, PhD"

ABSTRACT

Statement of problem. R 1 poly based computeranated design and computeransted muwhﬂ\lng CADCAM) materials have
boen combd for nhy restoratons, & poymerefiloted coramcnetwod PION) and compowte men nanoamncs. Lithe
ndependent evdence regarding thew mechanical propertes eusts intemal adaptaton s an imgortam factor for the chmcal wiccen and
longewty of a restoraton, and data concemng this pamarneter for nlays made with these blodas am 1cace

Purpose. The purpose of Tiis i wWiro study was 10 evaluste and compare Bie mechancal propenties fewesl g flesumimoduius Vickers
hardness, kacture oughnesn) and the imternal adagtation of fiese recent palyrmer-based blocks weth & Mhiom dadate glass-comma block
Materi sl and methods. The matesals tested m thas study were a PICN matenal (Vits Enammic),. 2 composte rewn nanocemmvcs (Lava Uitamate,
WM ESPE and Covavmart GDentl Productal and a Mhum dislicate glasy coramie 9S e max CAD). Mecharscal pripertion weve eviakated
sccordng to K0 norm OIS 66722013 Barshaped specmeny (1 mm) were prepased and submetted 10 4 3 pant Bend test usng &
unversal testing machine ot & cromhead speed of 05 mendnen b addition, identcal cnties weve papared i 60 human mandbule
extacted molan 1ml$)uﬁomw 0 mcowve menoocchisodintal inlays mvlled with e 4 matesals tested n & COREC Ifabs milng
machne The rephca techaque and a st po (x20) wem used to measuse e ntemal it of the mbys st 9 preselected locations AJ
M\«nmummdm Tavay ANOVA andd the post hoc Tuley mutighe comparnon or Games Howell test {1« 05)

fosults. The mean flexural stength of the tested blocks ranged kom 1407 495 MPa (\Wa Enamec) 10 2165 4263 MPa iCorasmant) The mean
Nexwral madulis ranged fom 233 464 Gfa (Via Enamec) 10 520 0105 GPa IS e max CAD) The mean Vickers hardnes ranged fom 066
1002GPa Comsmant) 1o 588 1069 GPa (PS5 e.max CAD) The mean bacture Biughness ranged kom 12 4017 MPam '™ (Cerasmart) 10 148
1029 MPam'” §PS e max CAD) The values for nternal dacmpancy ranged from 119 455 jim 10 234 451 im. The mean ntemal discrepancy
wan sgnificanty hgher for Lava Ultnate (A< 05) than S emax CAD and Comamart but not for Vita Enamvc. The factor “material” wan
1ttically wgndficant i relatson B the mechamcal propertm evaluaied n s {Pe @S) The Peanon comelation was negative between
the flexuml syengh msults and the mtemal dacspancy of the matesals wsted (R*«0 941, P 05)

Conchusions, The mechancal properses of the CAD-CAM blodk materialy tested were wiihn the acceptabile range for fabrcason of sngle
restaratans accarding © the B0 standard for covamecs 50 687220000 WS emax CAD and Coravmart wem observed 1o have supersor
Nlexwal strength and better itermal ft ) Prosthet Dent 0178 on)
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Fracture Toughness, Flexural Strength, and Flexural Modulus
of New CAD/CAM Resin Composite Blocks
Iben J.R. Lucsanszky, DDS, MSc, FRCD' & N. Dorin Ruse, MSc, PhD, Dr. h.c., MCIC, FADM 0

' Canacban Arned F orces, Valcarver, GC Canach

fDdson of Bomanrials, OBMS, Faculty of Dertistry, The Urnwer sty of Betish Colunisa, Varcouver, Canacls

Keywords
frachre mechancs CADICAM. rean
compaste. htvum dadcaw fnacogmpty

Corepondente

Or N Darn e, FaaultyotDertery The
Urwersdy ot liritsh Coumisa 2199
Waestvook Mall Varouer, § C V0T 12
Carada Emal donrdidertntrg vk ca

D manJ R Luesansy comp letod the work
prasented in e sfudy 0 partel f\men fof
the requummant for the Dyoloire in
Prosthodontics and Master of Scenoe n e
Faculty of Duntitsy and Facuty of G e
A Posido et o) Stiches (Caniotecd
Scwncal L imey of Brngh Cabyrrtus
Vanm i Canags

Ol open by U cadme ey earmipdy
241 oxYea s

e papes was presante o 232 postar dunng
the 207§ AADH smastng

Mo acthars aany any con fers of inm sess an
Fopanuts 1o Me ouoens siudy

Accepted Nowermber 4 2019

G 10 1Mo 1N

With the expansion ol computer-aded design/ocom puter-axled

Abstract

Parpose: To determine and compare the frac e toughness, Bexural stength sl
Mexwal modulus of four new, commercially available CAD/CAM resin composite
Bocks and one new CAIVCAM lihium dimhicate glos-ceramic block, tested under
il aged conditions.

rhals and Methods: Three dispersed- ks resin composine Blocks, CERAS-
MART. KZR-CAD HR 2 and CAMoullage NOW, one polymer-intl krated ceramic
network resin composiie block, Enamic, along with Obwidian, a Hthmm duilicste
P ceramn block, were characterized. Fracture toughness was determined irou gh
e noschless triangular prism specimen s, while fexural strength and fexw al mod-
wlus were detormined by e point bend testing. Blocks were cut and ground w
obtam (6 x 6 x 6 x 12) mm prisns and 1001 spandodhicknes et bas (0 =
28/group); hall of he fesin camposie specimmns were aged in 57°C dutilled water
for 30 days before sesting. Fractureel surlaces were characterized using & scanning
clcron mucroscope. Results were analyzed using Weibull statitns and two- way
ANOVA, followesd by Schetlé multple means comparisomn (o = (.08).
Remalts: With regands to lractune toughness, KZR stood ot among resin composites
with a dry value of 137 MPam'™; this was signiticantly affecsed by ageing, while
e frac e toughmess of the other dispersed -ilers resin compos e blocks was not.
Oty bt thie B gt fr scture toughness ot 147 M m ' With regardsto flevual
sren g, Obaxlian = CERASMART w KZR = CAMoullage > Enamde, The Mexwal
srength of e resin composties was lowenad by ageing Enamk was lound w0 have
e highest fexural modulus among e resin composites (1502 GPa), but s value
was sl gilicanly lower than St of Obwidian (76 46 GPa) | lexural modulus was not
allfected by ageing
Conchmlon: There was a signiticant diffe nence in flexural stren gth between the mate
rade, but oot unanimoily in fesural modulus and [ractune oughness. The tessed resin
commpon e Block materials hoad inferior exural serengh, Bexural modubis and fea e
foughness compered with te kestedd hfiium disilicate glass-coramn block (Obaxdian),
Bnama, the polymer milwated ceramic network matenial, had a sugniticandy higher
Mexwral modulus than the dspersed -tk materiab. Ageing had » deleterious uepact
on the Nesural seength of all ROB, while i effect on the Besusal modulus was -
s foam, The s kection of any restorative matertal requites a thorough analysis of its
addvantage s and Hmaatons w0 inform the chnial decision in a caseby-cae approach.

fally ¢ lesigned re Due w ble charater

manwacuring (CADVCAM) technology n dentisry, the de-
velapment of mew resborative CADICAM makerials has in-
cremed significantly over the last two decades.’ The manu-
uring processes of Sose makrnials occw in an indusiial
envionment, with higher levels of control and reproducitnl-
Hy. Ceorami/glis-coramic anl resin compostie CADC AM
milling blocks ¢ an be machined chairsideins good quality, dig-

s, cor s/ glass ceram i CAIDVCAM Bocks are sull more
wormmmonly wed clinically, however, interest i resin compos i
Blocks (RCH ) has recently increased ' Thels excelken machin-
abilny. edge sabilny and reduced brithenes mutigated soms
af the disadvantages encountoned with coramic g lassc erasmic
Blocks. ' However, there s a scarc ity of independent conlie-
mation of thew key propertien (Identitied a posential clhinkal

" Anr e of Prostatomon 29020 3448 C 2048 by tie Arneno e Colage of Frowtoton s es
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Flexural strength and fracture toughness of two different lithium disilicate

ceramics

Bogna STAWARCZYK!, Anja LIEBERMANN', Martin ROSENTRITT?, Hubertus POVEL', Marlis EICHBERGER'

and Nina LUMKEMANN'

'Dep of Prosthetic D y, University Hospital, Ludwig-M University Munich, Germany
2Dep of Prosthetic D y, University Hospital Re g, G y
Corresponding author, Bogna STAWARCZYK; E-mail: bogna. yk@med. uni. hen.de

To test the impact of the pressing furnace on flexural strength and facture toughness of the lithium-disilicate-ceramics HS10PC (HS)
and IPS e.max Press (IP). Three hundred and sixty specimens (3X4x30 mm) were pressed (n=180/ceramic) using different pressing
furnaces, namely Austromat 654 Press-i-dent (AUS), Programat EP5000 (PRO), and Vario Press 300 (VAR). Three-point flexural
strength (n=30) and fracture toughness (n=30) were measured. Flexural strength (336-360 MPa) was not affected by pressing furnace
or ceramic and showed comparable values between all groups. Fracture toughness (2.65-2.81 MPaym) provided higher values for HS
pressed using AUS compared to specimens pressed in PRO and VAR. For IP, no impact of the pressing furnace on fracture toughness
was found. IP presented higher fracture toughness than HS when pressed using PRO. No correlations were found. Both lithium
disilicate ceramics showed comparable flexural strength regardless of the pressing furnace. Fracture toughness depended on the

ceramic and on the pressing furnace.

Keywords: Lithium disilicate ceramic, Glass-ceramic, Flexural strength, Fracture toughness, Pressing furnace

INTRODUCTION

Glass-ceramics show favorable mechanical and
biological properties, such as flexural strength, fracture
load, low thermal conductivity and minimal plaque
accumulation'®. Ceramics differ in their composition.
Their mechanical and optical properties are influenced
by their composition and crystalline structure®”. For
lithium disilicate, ceramics, the molar ratio of Li;O
and SiO, is essential for example for the formation
of Li,Si0O; Li,Si,0; or LiSiO,. An increase in the
crystalline structure of up to 60-70% through a
reinforcement of lithium disilicate, lithium silicate or
lithium orthophosphate (Li»Si:0s5, Li»SiOs;, LisPOy)
crystals, leads to glass-ceramics with a flexural strength
about 2-3 times higher than that of unreinforced glass-
ceramics'2571912 Processing can influence the crystals
share and amount, as well as the type and the orientation
of the crystals, porosities, and shrinkage. This influence
the mechanical properties such as flexural strength
or fracture toughness. The variation of processing
parameters such as temperature and holding time is
used for controlling the crystal growth and content and
type of crystals, allowing an individual adjustment of
the mechanical properties of the ceramic. Therefore,
variations of the processing parameters are supposed to
affect the consistent material properties and variations.

The pressing of lithium disilicate ceramics with
the lost wax technique combines a good marginal fit,
an occlusal accuracy, low shrinkage, low porosity, good
mechanical properties, and is above all, a simple and

Color figures can be viewed in the online issue, which is avail-
able at J-STAGE.

Received Feb 15, 2019: Accepted Apr 22, 2019
d0i:10.4012/dm;j.2019-045 JOI JST.JSTAGE/dmj/2019-045

cost-effective fabrication method®*'*'%. Pressed lithium
disilicate ceramic resulted in superior fracture toughness
compared to milled ceramics'®'®, These observations
might be traced back to different heating parameters
that are known to possibly upset the driving force for
growing lithium disilicate crystals and alter the overall
percentage of residual glasses, which in turn might
adversely impact several material properties including
load-bearing capacity and fracture toughness'?.

Glass-ceramics can be pressed with different pressing
furnaces. Not every manufacturer hasa complete system,
including ceramic and pressing furnace. And not every
ceramic manufacturer specifies the pressing program
for all furnaces available on the market. Manufacturers
are either focusing on furnace construction or material
development. However, investigations analyzing the
influence of the pressing furnace on the mechanical
properties of lithium disilicate ceramics could not yet be
found in literature.

Therefore, the aim of this study was to elaborate
the pressing parameters for the respective furnaces and
two different lithium disilicate ceramics as a first step.
The second aim was to examine the influence of three
different pressing furnaces on flexural strength (3-point-
flexural-strength) and fracture toughness (single-edge-
V-notch-beam; SEVNB) of the ceramics. The first part
of the hypothesis stated that both ceramics show similar
flexural strength regardless of the pressing furnace
while the second part stated that the fracture toughness
results of both tested lithium disilicate ceramics are
comparable irrespective of the pressing furnace used.
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Evaluation of five CAD/CAM materials by

i

microstructural characterization and
mechanical tests: a comparative in vitro

study

Newrin Sonmez’, Pinar Gultekin” @, Valkan Turp’, Gakhan Akgungor’, Deniz Ser” and Bitan Mijirit sky”

macrantructucal and SEM analy s

Fractued pecmens were evahuatied usng SEM

Empress CAD grougn

sgniicantly than glass ceramics

Background: Polymes filtrated Coamics and nano-Conamic resins are the new resicrative matesals which have
been developed in order 10 enhance the adverse propertes of glass-matrix ceramecs and fesn compostes. The am
of the present n vitro study was 10 evakuate the chaactenstics of vanows CAD/CAM matenads through mechancal

Methods: Fre test grougns (0 = 20) wem frmed by using the indcated CADICAM biacks VITA Enarnic (VTA Zahndatark),
Lava Ultrmate (3 M ESFE) 175 emax CAD vackr Vinvadend), 5 Erpress CAD Ivockar Vivadend, and VITA Mark | (VITA
Zahrdabek). Two specsmens fom each test group ware wied for XRD andd BDS analyss. Remaming sampies were divded
0 two tubgrowps 0 = 10 One sgoup pecrmen were thermocycied 6 C 1o 55 °C 30x, 10000 cyclpd wheea the
other wes not Allof the specemen wee evaluated i oy of flcual strength, Vickers hardness, and facture oughnes
Resuits wore statistically aralyaed wng twoway ANOVA, ane-way ANOVA, Tuley's 5D, and Students 1 1ests (o« 05)

Results The highest Vickes mucrohadd ness value was found for VITA Mark B (p< 001 ] however Seaural stength and
factue ughness resulls were lowent convenely < 5] 175 emax CAD wins ound 10 have the highest Sexusll strongth
0 < 001} Fracture toughness of 5 emax CAD wis also hagher than other tesied block materials {2 < 001), Lava Uttrmute
and VITA Enamics mechancl popeies were sffected negatvely fom theemaocycng (p < 05). Marohad ness, Searsl
strongth, and facture ughness vales of Lava Utimate and WITA Ename wes found 1o be smilar 1o VITA Mark N and 5

Condusions: it shoutd be reaised that simulated agng process seem B afect camc-palymes composte matenali mos

kwcwm,m«mmmm.w

7

Background

Grlass mat rix ceramics and resin composites are froquently
used matertals ke CAD/CAM (Computer Alded Design/
Computer Aided Manufactuting) restorations due 10 en-
hanced mechanical and optical properties [1.2]. Although
they are well establishod and sucomsful materials, they
suffer from several disadvantages. Glass-matrix coramics
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have mechankal problems such & beitthenosss and
abmaslon on the opposing dentition due to hardness |3,
Resin compostes may wear, mising surface
paish and stability of color [2, 4-6]. In order 10 improve
the unfavoursble properties of glass matrix coramics and
tenin composites, new restorative materdal have boeen
deweloped which are called polymer infiltrated ceramics
and manocemmic resing for wage with CAD/CAM
systems  [7]. VITA Enamic and Lava Ultimate am
examples of this class of material.
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Abstract

Inderect compasmtes have beeon undergong an smpressive evoluton over the last fow years Specdcally. recent develop

aded design-mputeraided mamulicturing (CAD-CAM) blocks have boon msocated with new polymeravon mod- nm
mecrostructures, ;nd dfferent compostions Al thete recent breskthroughs have introduced rrportant gaps among the propertses of
the déerert materals Tha cnucal state -ofthe-art review analyses the strengths and weaknesses of the déerent vareves of CAD.
CAM composite materals, espocally as compared with derect and arusaml mdrect compostes. ndeoed. new polymeration modes
used for CAD.CAM blocks—easpecaly hgh temperature (HT) and most of sl hgh temperature-hgh pressure (HT-HP)—are shown
to spricantly mcrease the degree of converson n companion with ight.cured composres Industral processes also allow for the
augnemavion of the Mler content and for the resh of more homog wtr wath fower flaws In additon, due to thewr
moremed degree of corversion and thewr dlerent monomer composmon, some CADCAM blocks are more advartageous 1 terms
of ety and monomar release Feally, materals with a polymer.editrated caramic network (PICN) mucrostructure exhibs higher
flaxural strongth ;nd a more favorable dhasticty modubus than materals with a dupersod Mler microstructure Comequently, some high.
performance composne CAD-CAM blodkar—parucularly experenentd PICNs—can now rval glhasscoramcs. such as Mhumn-dabcate
glass.coramcs, for use as bonded parval r and on natwral toath and implants. Beng able to be manulactured m very
low thicknesses, they ofler the possbibty of developng aly tr stratepees, such a3 “no prep” trestment
of worn denttion. Current msues are related to the study of bondng and wear propertes of the dferent vareties of CAD.CAM
compostes. There i abo a crucel noed 1o conduct chnicadl studes Last, manufacturers should provede more complete wdormation

regardyg thew product polymermton p o and w whech sgnibcantly wiluence CAD-CAM materal
propertes

Keywords: polymernbieraed ek, high tempersture-high pressure polymerization, mechansal propertes, tomoty,
degroe of converson, iy o Y

Introduction hyboid ceramics, reninamatnx ceramics, doublenctwork mate

rials, coramichaned interper mgphase cony o poly-

Nowadays, demal composiies seprescnta wilo and complex varl- o filwared coramic netwark (PICN; Denry and Kelly 2014,

ety of materials with an increm ing range of propertios and indi-
cations. The lakest developments of computeraided design

camputer-alded manulsturing (CADCAM) Mocks are espe-
chally associated with new polymerization modes, mnovative
ctures, and dilTerent composttions. All these changes

have introducsd important gaps smong the different classes of

indirect composites (1Cs) in terms of madmucd propertics,
chemucal stabilny, bologi al prog W propertios, and
long 4erm perfommance probwbihty, nowbly in comparison with
ceramic materials (Coldea et al 2013, Nguyen ot al. X014, Phan
etal 2014, Awadas and Nathanson 2015, Swain o al 2015)
These recent and rapkl breakthroughs afe somelimes asoci-
ated with confusion shout the spec ific characernt s of emerg-
ingmaterial, which is sugmented by incong et o milesding
infommation delivered by companies. Currently, some matern-
al are Inted ether as coramic-hke or i composite materials,

Ciracis ot al. 20015 Consequently, the aim of thys work is %
critically review the global evel ol [Caw | their
respective prog and the b of mew makriak o
froatemont sirakegien Inproveiment
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Abstract

Purpose: The aims of this randomized-controlled clinical trial were to compare
marginal and internal adaptation of all-ceramic crowns fabricated with CAD/CAM
and heat-pressed (HP) techniques before luting and to evaluate the clinical outcomes
at baseline and at 6, 12, and 24 months after luting.

Materials and Methods: Fifteen CAD/CAM (CC) and 15 HP all-ceramic crowns
were placed in 15 patients. A silicone replica was obtained to measure marginal and
internal adaptation of each all-ceramic crown before luting, and they were sectioned
buccolingually and mesiodistally. Marginal and internal adaptations were measured
using computerized light microscope at 40 x magnification. Clinical evaluations took
place at baseline (2 days after luting) and at 6, 12, and 24 months after luting. Replica
scores were analyzed with Mann-Whitney U and Student’s r-test (e = 0.05). Survival
rate of crowns was determined using Kaplan-Meier statistical analysis.

Results: The median marginal gap for the CC group was 132.2 um and was 130.2
pum for the HP group. The mean internal adaptation for the CC group was 220.3 +
51.3 umand 210.5 + 31 pm for the HP group. There were no statistically significant
differences with respect to marginal opening (Mann-Whitney U test; p = 0.95) and
internal adaptation (Student’s r-test; p = 0.535) between the 2 groups. Based on
modified Ryge criteria, 100% of the crowns were rated satisfactory during the 2-year
period.

Conclusion: In this in vivo study, CAD/CAM and HP all-ceramic crowns exhibited
similar marginal and internal adaptations. A 100% success rate was recorded for the
15 CAD/CAM and for the 15 HP all-ceramic crowns during the 2-year period.

All-ceramic crowns have become more popular as a result of in-
creasing demand for esthetic corrections.* All-ceramic crowns
can be fabricated through computer aided design/computer
aided manufacturing (CAD/CAM) or can be heat-pressed
(HP).!* The HP technique is based on the lost-wax princi-
ple. Prefabricated ceramic ingots are heated and then pressed
into the lost-wax form of a crown coping. Dental CAD/CAM
systems such as CEREC (Sirona Dental, Charlotte, NC, USA)
use a scanning and milling process to fabricate all-ceramic cop-
ings from prefabricated ceramic blocks.*® Today it is accepted
that all-ceramic crowns should be luted using adhesive luting
techniques.”® Hydrofluoric acid etching followed by the appli-
cation of a silane agent is a common and clinically well-proven
procedure for silicate ceramics.”'”

In case of insufficient adaptation at the crown margin, cement
solubility, and plaque retention may occur, which is harmful for
both tooth structure and periodontal tissues.''"'* Besides adap-
tation of the crown at the margin, luting space dimension is also

an important aspect.'®!” The luting space needs to be uniform to
facilitate placement without compromising retention and resis-
tance. This is particularly important for all-ceramic materials,
which are more fragile than cast alloys.'®'® Clinicians may be
subjected to certain intraoral conditions that cannot be repro-
duced in laboratory settings.'” These conditions include mul-
tiple intermittent cyclic forces during chewing, grinding, and
clenching, constant exposure to a moist, bacteria-rich environ-
ment, consumption of too hot or too cold liquids and acids, and
traumatic or inadequate tooth brushing. In addition, specimens
used for testing dental ceramics in the laboratory sometimes
differ significantly in both size and structure from the restora-
tions they represent.? Therefore, in vivo evaluation has been
the basis for establishing criteria for clinically successful and
acceptable crowns.?!>?

The aims of this randomized-controlled single-blinded (eval-
uator) clinical trial were to compare marginal and internal adap-
tation of two all-ceramic crowns fabricated with CAD/CAM

Journal of Prosthodontics 00 (2014) 1-6 © 2014 by the American College of Prosthodontists 1
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A comparison of the marginal gaps of lithium disilicate
crowns fabricated by two different intraoral scanners

B Kwong,* @ ] Dudley*
*Adelaide Dental School, The University of Adelaide, Adelaide, South Australia, Australia.

ABSTRACT

Background: The purpose of this study was to assess marginal gaps of CAD/CAM lithium disilicate crowns constructed
using two different intraoral scanners of different generations.

Methods: Twenty four Columbia model lower left molars were prepared for lithium disilicate crowns in a simulated
environment by undergraduate students. The crown preparations were scanned by E4D and Trios 3 intraoral scanners
and CAD/CAM lithium disilicate crowns designed and manufactured. The crowns were seated onto the original crown
preparations and three vertical marginal gap measurements taken at four locations (mid-buccal, mid-lingual, mid-mesial
and mid-distal) using a stereomicroscope. The mean marginal gap (MMG) was calculated for each crown and each indi-
vidual tooth surface.

Results: The MMG was not statistically significantly different for the Trios 3 and E4D scanners (P = 0.111). There was
no statistically significant effect of measurement location on the tooth on the marginal gap (P = 0.1134).

Conclusions: There was no difference in the MMGs of CAD/CAM lithium disilicate crowns constructed using two dif-
ferent intraoral scanners of different generations. Within the limitations of this study, the advances in scanning technol-
ogy have produced small and insignificant improvements in the accuracy of crown margins.

Keywords: Cement space, ceramic, crown, marginal gap, scanner.

Abbreviations and acronyms: AMD = absolute marginal discrepancy; CAD/CAM = computer-aided design/computer-aided manufac-
ture; CBCT = cone beam computed tomography; CLSM = confocal laser scanning microscopy; IOS = intraoral scanners; MMG = mean
marginal gap; OCT = optical coherence tomography; PVS = polyvinylsiloxane; STL = standard triangulation language.

(Accepted for publication 6 February 2020.)

INTRODUCTION systems and scannir}g strategies 113135 bet.:r? shown to
influence the scanning accuracy.'® Additionally, the
Since the first intraoral scanner (IOS) was introduced software design and method of data processing and
in 1971, digital dentistry has seen an increase in image triangulation can influence the resolution and
capability and application of software, as well as surface topography of the final digital impression
improvements to hardware. While it was initially produced.">'®
designed for the fabrication of inlays, onlays, copings With the increasing demand for aesthetics, all-ce-
and crowns, the scope of intraoral scanners and digi- ramic restorations have become a popular alternative
tal dentistry has expanded to include applications in to conventional metal-ceramic restorations. Lithium
orthodontics, implantology, and oral and maxillofa- disilicate was first introduced in 1988 as lithium disili-
cial surgery.”® The time efficiency, convenience and cate ingots for use in the conventional lost-wax
comfort offered by digital impressions have been pressed ceramic technique. The material has since
shown to contribute to the patient’s preference been developed to be used in digital workflows as a
between digital and conventional workflows.*™” machinable monolithic ceramic block.'” With its high
Several studies have investigated the difference in flexural strength and fracture toughness,'” CAD/CAM
accuracy and precision between intraoral scanning lithium disilicate provides another aesthetic material
systems by utilizing methods such as digital three-di- option for the clinician in the digital workflow, mak-
mensional surface analysis,® ' or assessing the mar- ing in-office milling and same-day restorations a possi-
ginal and internal fit of crowns fabricated from bility. While some studies find the conventional
different systems.''™® The use of different optical pressed  technique  provides more  accurate
150 © 2020 Australian Dental Association
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ABSTRACT

Backgrownd: The purpose of this study was to measure the manginal gaps of CAIVCAM all-ceramie crowns comstricted
using different coment spaces on crown prepamations created by undergraduate students,

Methods: Twemty-four Columbia model Tower keft fiest molan with assessed tapers and reduction volumes (RV) were
e uited to ecive complete covwerage Emax crowns, Three Eomax crowms were digitally devgned and milked for each
crown preparation using three differemt cement spaces: SO m (CS- S0}, 100 jum (CS-100), 200 g (CS-200), Each crown
war seated onto ity onginal crown preparation and thee vertical margmal gap measurements were taken at four loga-
oo fmoad-buccal, mid-hngual, mid-mesal, mid-distal} vang a stereomicroscope. The mean manginal gap (MMG) wn
cakulated for each crown and each mdwidual tooth surface,

Results: The MM G was statistically signibc antly different for each of the three cement spaces (126 pm for CS 50, §9 jum
for CS100, and 75 pm for CS-200) (F < 00001}, A taper of between 20 and 307 produced the smallest MM G, Inwuf -
ot RY caused sgnificantly lager MMGs, The buccal mangin had significantly smaller MMGs than all other measuned
wiar faces,

Conclugions: The mont accurate margms of digtally designed all-cerami crowns comtructed on simulation teeth pre
pared by undergraduate students were observed when using a 200 um cement space,

Keyuonde: Marginal gap, Cement space, Ceramac, Crown, E4D

Abbrewiarians and acranyms: B« bowo hogaal; CADACAM » compurersided desgnioom puter-asded manufacmrning: €S » cement
wpace; MD » mesio<dntal; MMGITS » mean manginal gaps for mdmidual tooth surfaces, MMG » moan marginal gap; MI% « megs
pasaby RV » redustion volume

Accepied for pullscation 12 March 2019 )

INTRODUCTION fexuml strength of 360 MPa, Iugh»h.mm: toughiness
and a wide range of proposed clinical uses,

Albceramic crowns have gained recent populariry The E4D Dentist (E4D Dentist, D4D Technologies,
amongst dennists and patients due o their excellent Richardson, TX, USA) is an inoffice laser scaming
aesthetics, ease of fabrication and blocompatilality, CAD/CAM system that caprures multiple individual
Utilising computer-aided design and com puter-aided mages to form a three-dimensional virtual model. A
manufactunng [CADCAM) technology, all-cerami ceramk restomtion might be creared via a user-
crowns offer construction benefits aver more tradi- friendly and steamlined step-bysrep design proces
tanal porcelain bonded 1o metal crowns including and the hnal design semt 1o the milling machine w
fewer laboratory stages, simplified laboratory tech- complete the fabrication process, potentially enabling
nigues, greater repeatability and reduced haboratory angh visit restorations, One parameter that requires
fees.” dehinmg during the design process is the cement space,

Ceramics are brittde and exhibit high compressive A large range of cement spaces have been recom-
strength bur low fexural strengeh, Tt is important o mended in the past but studies mvestigating the infhy-
provide appropriate crown prepartion dimemions o ence of different cement spaces on the marginal gap
minimse intermal stresses, for accurate marginal and have been carried out on ideal preparations with mini-
miernal Bt and o maximise longterm clinical sue- mal degrees of taper with generally small cement
cew. " A popular ceramic on the marker is IP§ spaces which might not reflecr real-life clinical sirua-
E.max, an aesthetic lithivm disibcare material with a tions where kess experienced operators and students
© 2019 Australan Dontal A oaation "wr
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Randomized controlled clinical trial of digital and conventional
workflows for the fabrication of zirconia-ceramic posterior
fixed partial dentures. Part Il: Time efficiency of CAD-CAM

versus conventional laboratory procedures

Sven Muhlemann, Dr med dent,” Goran | Benic, PD Dr med dent,” Vincent Fehmer, MDT,
Christoph H. F. Himmerle, Dr med dent,” and Irena Sailer, Dr med dent”

As zirconia restarations cannot
b madke with conve ntional fabri-
cation techndgues, itwas anly in
the 190s that computer-aided
design  and  computer-aidd
manufacturing  (CAD-CAM)
technology allowed the intro-
duction of ziconi as a dental
prosthetic material® Zirconu
has excelkent mechanical prop-
erties and can therefore be
sucomafully wed as o dental
framewark matenal *!
Multiunit  prostheses  are
generally fabricated in the dental
laboratary. The start of the
CAD-CAM process depends on
the kxation of the scanner
Intracral digital scanners allow
dentists to make mntracnl scans
of the tooth  prepamtions.’
Subsequently, the data fik &
digitally transfermed tothe dental

ABSTRACT

Statement of problem, Chrncal triahy are needed o evaluate the dgital and convensonal laber-
caton techmology for provedng fixed partal dentures (FFDx)

Purpose. The pupase of the secand part of ths chncal study wan 10 campare the baratory
podiction tme for toathaupparted, Jumt FPDs by means of com-dd do-gn v

L wdod f g CADCAM) systens and &
the qualty of e Sumt & rkof each Poup was evalusted chnia by

Mutarial and methods. Far aach of 10 parteipanty, & 2unit FPD was fabscated. Zecania was used
a5 the Famework materalin the CAD-CAM systerns and nduded Lava CO S CAD software (3M)
and contralaed CAM (group L) CARES CAD salware fmsttut Stamumann AG) and contralieed
CAM (group Ty and GEREC Connect CAD software Dentiply Srona) and contalzed CAM (growp
€) The moble metal kamework in the conventinal wokflow (grougs K) was Gbbecated by means
of the trachtional kstwax techmgque Al faamewarks were ovah By belos 9
The sme for e bbricaton of the cast, the 3-unn i & and e a9 was
recorded. In adkdviaon, chawsde tme dusng the chncal appomtmen for e evaluston of the
famework was recoded. The pared Wicawan test wgether with approprste Bonferroni
cameckon was agphed 1o detect dil ' g veatment groups {1e 08)

Resuits, The 1ot efective working teme (mean sstandasd deviation) for the dental technican was
220 429 mnutes i group L 217 420 svenite s in groug (T, 262 422 minites i geoup C o and 370 + M
metes i group K The demal tachncian spent sgndficantly maore tme i the comentional
waddlow than in the digtal warkflow, ndependent of the CAD-CAM systerns wed (P 001)

Condusions. respective of the CAD-CAM systemy, the overal lsborstary sme for the
dental technician was significantly less for a dignal workflow than for the conventional
warkflow. () Prosthet Dent X8 en-0)

2 oliin

Supearted by the Qi of Fomd and Mamovabls Fos Bodontic s and Durtal Meial Sceirve Canter of Derdd Modic e, ety of 2achy Swtae Bod and by @ e s
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Three-body wear effect on different CAD/CAM ceramics staining durability

Amanda M.O. Dal Piva“"™ ', Joso P.M. Tribst ", Arie Werner”, Lilian C. Anami*, Marco
A. Bottino”, Cornelis J. Kleverlaan "
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1. ntreduction Negardiess the vials esthotic s, some
require shad e char acerizasion ar n‘h“- © imrinsk characteritxs

Manolitic polyerymallioe ceramicn materials with oxcellent me-
chancal properties (Denry and Kelly, X114), emerged in order 10 over.
came failare by chipping & veneermgceramics. redce dmical time and
renratons costs (Stawarcy k of sl 2000; Sulaman et al, 015 =
contrast, ghass ceramics have excellens esthetic properties. but lower
mechanical resist " mparson o polverystaline ceramion
Therefore, ghass ceramics with orystals reinfoarcement ar pal ymes infil
tration were developed to mgrove thar mechanical groperties, but
malmaining the esthetic graperties (Mommo ot al . 200 % Ramos o ol
200 ¢ Sam et al, 2006; Dad Fiva et al. X008 b).

of the coamic maserial, Mhe opacity, or due to individualization ac
cordig 1o e patient ethatic noods. This exwnimsic esthetie character.
lmation can be perfarmed using specific technigues acording © the
material composition The most common echnigoe for cicoma and
glam ceramics iomodves the stain ing app licatinm an e exsernal ceramic
surfsces and two separate cpcles of fining e g staiming and glase layer. 1t
s also possible 1 stain some ceramics prios to e crystalising process
(Sulaiman et ol 2005 Winke et al 200 % Clar s ot al, 20016, Willaed and
Cha 200 8), sach as ziconia relmborend Bt im sibcate hased materiak
(Vi Sugrmity, Viea handabed ) However the durabi bty of the stsining
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DENTAL TECHNIQUE

A fully digital approach to fabrlcatln? a CAD-CAM ceramic
crown to fit an existing removable partial denture

Diogo N. M. Gouvela, DDS," Michael E. Razzoog, DDS, MS, MPH,” and Maria F. Alfaro, DDS

Replacing a crown on a tooth
seving as an abutment for a
removable  partial - dentuwe
(RPD} s corsidered one of the
mast difficult restarative pro
oedures, Vanous technigues
have been reparted, generally
described as elther direct o
indirect” " The direct techrique is where the outline of

ABSTRACT

The we of a fully digtal appeoach to Glrkcate an ansMamec contour own ® it an exsting
remavable prosthes s dlows the dentst and the detal biosstory technesan 10 work officsenty n
dygnal emranment This repont presents & serses of patient taeatments mvahang the bbncaton of
an analmec comow monakhe arconka crown 10 mrofit an exstng remavable partal denture A
complote digptal wokdl an ol digral scan and computer-sded dewgn and
computer aded manufactunng KAD(AMJ techmology () Prosthet Demt XN le e w)

(CAD-CAM} technology has become popular in fixed

the restaration is fabricated mtraorally as opposed to the
indirect technique where all infarmation i transferred to
a gypsum cast, and the contour and design of the
restoration are completed in the dental laboratory

The main advantage of the direct technigue  that the
patients can wear a functional RIPD during the liboratory
phase. However, increased clinkal time is required to
complete the intraoral waxing procedure, and inaccura
ces could be incorporated because of the dithiculty in
manipulating the crown pattern in the oral enviranment
Conversely, the indirect technigue permits the baratory
techncian to wark on the contowur of the restaration with
the existing RPD available. In this situation, the patient
deprived of the RPD, a typically unacoeptable situation if
an antenar tooth s replaced by the RPD. The disad
vantages of this technigue include rellance on the labo
ratory technician’s expenience, the shrinkage of the
acrvlic resin and dimensional changes in the wax pattern
that can kad to impreciskns in the contour of the
definitive crown

The technique, direct ar indirect, should be accurate
and weascnably stragghtforward. The use of computer
alded  desgn and  computer-aded  manufacturing

G anatn Mosthosot o

G ahate Poshodotios

THE JOURNAL OF PROSIMETIC DENNSTRY

Mewsart Bepatmant of Bubgonl o Matamal Saeces. DMson of Mowlooms o
"y st Depndmad of Hobgcal and Maar il S orons, Omskn of Prosthodad s
Rt Dupartimad of ool o Ml Samans

and removable prosthadantios, and its adoption has
boen associated with innovative, expedient, and precise
methods of pedaming dental procedures. Different
technigues have been described in which CAD-CAM
technalogy is used 10 faalitate the fabncation of a sur-
veyved crown, each with its own particulanities and

Fagure 1. Mallay remosable parsal denture with mets cerarm
cwWns on atntment teath

Wivarsity of Michigan, A Ao, Miah
Wrivarity of Mdvgan oo Noar Mk
O of Prostiocontics, Wwely of Michgn, A Aor, Mias
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Clinical performance of two different CAD/CAM-fabricated

ceramic crowns: 2-Year results

Bodo Seydler, Dr med dent® and Marc Schmitter, Prof Dr med dent”

Ceramic crowns have been
used for many years with good
results.”* A variety of different
materials and techniques are
available for the production of
ceramic restorations.” The de-
cision about which ceramic
material and/or method to use
should be made for individual
patients,” because no ceramic
system is ideal for all clinical
situations, and clinical results
are affected by numerous fac-
tors.”” Masticatory forces are
greater in the molar region,
and more clinical complica-
tions occur there than among
anterior teeth."*'® Failure of
the ceramic veneer is the
most common damage; frac-
ture of the core material is
infrequent.***>

Although several optimi-
zation strategies, including

ABSTRACT

Statement of problem. Recently, technical problems, especially chipping, have been reported for
ceramic restorations; as a result, ceramic crowns produced entirely by computer-aided design and
computer-aided manufacture (CAD/CAM) have become popular because the incidence of chipping
is less.

Purpose. The purpose of this study was to report on 2-year results for 2 different types of CAD/CAM
ceramic crowns placed in adult patients in a dental practice.

Material and methods. Sixty participants who required a crown for a first or second molar were
randomly assigned to 1 of 2 groups. Crowns in the veneered zirconia (VZ) group were made of zirconia
frameworks veneered with CAD/CAM-produced lithium disilicate ceramic; the other group’s crowns
were made of monolithic lithium disilicate (MLD) ceramic. Each crown was reviewed after 2 weeks, 1
year, and 2 years by using modified the US Public Health Service (USPHS) criteria. Statistical analysis
was performed by using the log-rank test, nonparametric tests, and Kaplan-Meier survival analysis.

Results. All 60 participants were recalled after 1 and 2 years. In the VZ group, 2 endodontic
complications occurred, and deterioration of periodontal health was observed for 3 participants. In
the MLD group, 2 endodontic complications occurred within 2 years. In both of the groups, no
caries or marginal discoloration was observed. No technical complications, for example, cracks,
chipping, or fractures, were detected after 2 years. The shape and appearance of all crowns were
assessed positively by the examining dentist. The log-rank test showed no significant differences in
respect to technical or biologic complications (P=.324).

Conclusion. For both types of single-crown restoration, no technical failures occurred. The number
of biological complications did not differ significantly between the types of crowns. (J Prosthet Dent
2015;m:m-m)

framework design and modified firing procedures, have
already been developed to reduce chipping, ceramic
crowns veneered with traditional techniques still seem
susceptible."' Therefore, methods that eliminate a
hand-crafted veneer or even make veneer entirely
unnecessary have recently been introduced. These de-
velopments have been made possible not only by the
use of computer-aided design and computer-aided
manufacture (CAD/CAM)'*'® but also by the use of

*Private practice, Bad Schoenborn, Germany.

veneer made, with CAD/CAM support, from feld-
spathic ceramic or lithium disilicate ceramic, which is
then attached to the framework.'” Alternatively,
monolithic restorations can be made of lithium dis-
ilicate or zirconia ceramic; this technique completely
eliminates the use of veneer. Another advantage of
lithium disilicate ceramic is that processing’®** and
clinical aspects™ *” of this material have been well
researched.

“Associate Professor, Department of Prosthodontics, University of Heidelberg, Heidelberg, Germany.
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Dental ceramics: a review of new
materials and processing methods

Abstract: The evolution of computerized systems for the production of
dental restorations assoclated © the development of novel microstructures
for ceramic materials has caused an important change in the clinical
workflow for dentists and technicians, as well as in the treat ment options
offered fo patients New microstructures have also been developed by the
industry in order to offer ceramic and composite matenials with optimized
properties, 1, good mechanical properties, appropriate wear behay jor and
acoeplable aest hetic chamcteristion. The objective of this llerature meview
is 1o discuss the main advantages and disadvantages of the new ceramic
systems and processing methods. The manuscript is divided in five parts:
1) monalithic drconia restorations; ) multilayered dental prostheses;
1) new glss-coramios V) polymer infiltrated ceramios; and V) novel
processing technologies. Dental ceramics and  processing technologies
have evolved significantly in the past ten years, with most of the evalution
being related to new microst ructures and CAD-CAM methods. [naddition,
a trend towards the use of monolithk restorations has changed the way
clinilans produce allcemmic dental prostheses, since the more aesthel
multilayered restorations unfortunately are mare prone 1o chipping or
delamination. Compeosite materials prooessed via CAD-CAM have become
an interesting option, as they have intermediale properties between
ceramics and polymers and are more easily milled and polished.

Keywords: Ceramics: Dental Materials Dental Purcelain
Computer-Aided Design; Composite Resins.

Introduction

The evolution of computerized systems for the production of dental
restoratlons assoc lated to the development of novel microstructures for
cermmic materials has caused animportant change in the clinical work flow
for dentists and techniclans, as well asin the treatment options of fered
to patients. One of the most important changes in this scenario was the
intraduction of monolithic restorations produced from high-strength
ceramics, like zirconia. This conoepl per s¢ is not new, sinoe ceramic
materials have been used fora relatively long time for the production of
maonalithic restoratjons, but it was only when zirconia started to be used
to produce full-contour crowns that dentists and techniclans became
maore confident 1o indicate a ceramic material for crowns and bridges in

the posterior reglon.

Braz. Oral Res 2007 Awuppliess | 133
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SCIENCE

Emre Tezulas, Coskun Yildiz, Ceren Kucuk, Erkut Kahramanoglu

Current status of zirconia-based all-ceramic restorations fabricated
by the digital veneering technique: a comprehensive review

Abstract

Objectives: Delamination and chipping are major complica-
tions of veneering material on zirconia-based all-ceramic res-
torations. The digital veneering technique was introduced to
overcome these complications as both zirconia frameworks
and veneering ceramic are fabricated by computer-aided
design/computer-aided manufacturing (CAD/CAM). The aim
of this review is to report all articles that evaluate zirco-
nia-based all-ceramic restorations fabricated by the digital
veneering technique. Three different digital veneering tech-
niques were detected: the Lava DVS Digital Veneering System
(3M ESPE), the Rapid Layer Technology (Vita Zahnfabrik), and
the CAD-on technique (Ivoclar Vivadent). There are also some
modifications of these techniques in the literature.

Materials and methods: For this review, a comprehensive lit-
erature search was conducted. Detected studies are reported
according to fracture resistance, flexural strength, wear per-
formance, shear bond strength, microtensile bond strength,
mechanical performance of restorations on implant abut-
ments, marginal fit, color reproducibility, and clinical success
for all types of digital veneering techniques.

Results and conclusions: Anatomical framework design and
digital veneering using lithium disilicate and fusion porcelain
might decrease the risk of chipping and delamination of
veneering ceramic on zirconia-supported all-ceramic restor-
ations. However, this result is mainly supported by in vitro
studies. More clinical studies with a large sample size, longer
follow-up period, and different fixed dental prosthesis
designs are needed.

Keywords: digital veneering, zirconia, CAD-on, rapid layer, sin-
tering technique

Introduction

Zirconia dental restorations are being increasingly used due
to their improved esthetics, biocompatibility, and mechanical
properties.'3 As zirconia has high mechanical strength and a

International Journal of Computerized Dentistry 2019;22(3):217-230

translucency similar to that of dentin, it is used as a frame-
work that is veneered with esthetic ceramics.*> Zirco-
nia-based all-ceramic fixed dental prostheses (FDPs) achieve
esthetics in the posterior region and are used for the fabrica-
tion of esthetic restorations that are longer than three units in
the anterior region.

There are several techniques for producing zirconia-based
all-ceramic restorations; the layering and the pressing tech-
niques being the traditional ones. For the layering technique,
the ceramic powder is mixed with liquid and applied to the
zirconia core material, which is larger than its final dimensions
to compensate for volumetric shrinkage of the ceramic.67
The pressing technique involves waxing up the restorations
to the desired tooth anatomy directly onto the zirconia core.
The wax patterns are invested and burned out, and the press-
able ceramic is then heat-pressed into the veneer space in the
investment ring.8

Delamination (adhesive failure) and chipping (cohesive
failure) are major complications of veneering material in zir-
conia-based all-ceramic restorations.?10 The layering tech-
nique has the disadvantage of micropore formation during
lamination. Frequent failures of veneering porcelain are
reported in the literature for the layering and pressing tech-
niques. These are caused by different factors,'12 including
discrepancy in the thermal expansion coefficient between
the veneering ceramic and the zirconia, the design and con-
nector size (< 9 mm?) of the framework, and the lower flexu-
ral strength of the veneering ceramic (120 MPa).1

A new veneering method, the digital veneering tech-
nique, was introduced for producing zirconia-based all-
ceramic restorations.' There are three different techniques
for the digital veneering of zirconia frameworks: the Lava DVS
Digital Veneering System (3M ESPE), the Rapid Layer Techno-
logy (Vita Zahnfabrik), and the CAD-on technique (lvoclar
Vivadent).'5-18 All three techniques use computer-aided
design (CAD) of a full-contour restoration that is divided into
two files (file splitting); one file is responsible for the comput-
er-aided manufacture (CAM) fabrication of the zirconia frame-
work, and the other for the CAM fabrication of the corres-
ponding veneering material. The materials and their minimal

217
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Combining Esthetic Layering and Lithium Disilicate
Sintering Technique on Zirconia Frameworks:
A Veneering Option to Prevent Ceramic Chipping

Reza Saeidi Pour, Dr Med Dent'

Daniel Edelhoff, Prof Dr Med Dent?

Caroline Freitas Rafael, PhD*/Otto Prandtner, MDT*

Stefan Frei, MDT"/Claudia Angela Maziero Volpato, Prof Dr
Med Dent/Anja Liebermann, Dr Med Dent, MScé

Major and minor chipping of veneering porcelain are two of the most
frequent complications in all-ceramic restorations with zirconia frameworks.
In cases of major chipping, replacement of the affected restoration may be
necessary. High-strength lithium disilicate ceramic offers new options to
serve as veneering material in a sintering technique or as repair material for
chipping in combination with the adhesive technique. The purpose of three
case presentations here was to describe the use of lithium disilicate ceramic
on zirconia frameworks for reliable and esthetic veneering in the posterior
region and to repair extended chipping in conventional veneering materials.
Int J Periodontics Restorative Dent 2017;37:561-569. doi: 10.11607/prd.3043
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Several types of ceramics are com-
mercially available in dental prac-
tice and laboratories with a wide
spectrum of indications, depend-
ing on the type of restoration.'-*
Ceramic frameworks can be fabri-
cated from materials such as lithium
disilicate (LS,) or zirconia (Zr).”"" LS,
presents good mechanical proper-
ties including flexural strength (350
MPa machine milled to 400 MPa
pressed), excellent esthetic results,
and the possibility of imitating the
natural tooth structure.” However,
its main indication remains use in
single-tooth restorations because
the mechanical properties of LS,
are inferior to those of Zr-based ce-
ramics (flexural strength of 900 to
1200 MPa and fracture toughness
of 9 to 10 MPa-m"?)'2 Zr is the pre-
dominantly used all-ceramic frame-
work material in the posterior region
because of its versatility?

Zr stabilized with 3 mol% yttrium
(3Y-TZP) offers superior mechanical
properties and biocompatibility.
However, conventional Zr presents
some limitations, such as long-term
hydrothermal degradation and an
opaque white appearance.®® In
general, a veneering of the Zr frame-
work with silica-based ceramics is
considered advantageous.'® Various
techniques are described to perform
this layering, including the powder
layer technique,” the overpress-
ing technique,’ and the sintering
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Objective. To evaluate the flexural strength, Weibull modulus, fracture toughness, and failure
behavior of ceramic structures obtained by the CAD-on technique, testing the null hypoth-
esis that trilayer structures show similar properties to monolithic structures.
Methods. Bar-shaped (1.8 mm x 4 mm x 16 mm) monolithic specimens of zirconia (IPS e.max
ZirCAD - Ivoclar Vivadent) and trilayer specimens of zirconia/fusion ceramic/lithium dissil-
icate (IPS e.max ZirCAD/IPS e.max CAD Crystall./Connect/IPS e.max CAD, Ivoclar Vivadent)
were fabricated (n=30). Specimens were tested in flexure in 37°C deionized water using a
universal testing machine at a crosshead speed of 0.5 mm/min. Failure loads were recorded,
and the flexural strength values were calculated. Fractography principles were used to
examine the fracture surfaces under optical and scanning electron microscopy. Data were
statistically analyzed using Student’s t-test and Weibull statistics (o =0.05).
Results. Monolithic and trilayer specimens showed similar mean flexural strengths, charac-
teristic strengths, and Weibull moduli. Trilayer structures showed greater mean critical flaw
and fracture toughness values than monolithic specimens (p <0.001). Most critical flaws in
the trilayer groups were located on the Y-TZP surface subjected to tension and propagated
catastrophically. Trilayer structures showed no flaw deflection at the interface.
Significance. Considering the CAD-on technique, the trilayer structures showed greater frac-
ture toughness than the monolithic zirconia specimens.

© 2015 Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

1. Introduction

(Y-TZP), and the introduction of CAD/CAM (computer-
aided design/computer-aided machining) technology have
increased the use of metal free restorations in dentistry.

The development of (poly)crystalline dental ceramics, partic- ~ CAD/CAM systems rely primarily on three steps: scanning the
ularly yttrium-oxide tetragonal partially stabilized zirconia tooth preparation, data processing and computer designing of

* Corresponding author at: Graduate Program in Dentistry, Federal University of Pelotas, Rua Gongalves Chaves 457, CEP 96015-560 Pelotas,
RS, Brazil. Tel.: +55 53 32256741x135,; fax: +55 53 32256741x135.
E-mail address: gabybasso@yahoo.com.br (G.R. Basso).
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ity of monolithic and trilayer ceramic structures obtained by the
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Abstract

Mirpose:  To evaluare the fracture mechanios of cemented versus Tued CAD-on
veneers on customzed zroonia seplant dbwtments.

Materdals and Methods: Forty - live identical customized CADCAM ziconia i
plant abutments (08 mm thick) were prepared and seated on short Hamum m-
plant sbutments (1) base ). A second soan was made (o labnicate 45 CADon veneens
(IPS Bmpress CAD, A2). Fileen CADon veneerns were cemented on e zircoma
Autments (Panavis 12.0) Another 15 were fused to e zirconia abutments iing
bow-fusing glass, while manually layered veneers serveed & contral (n = 15), The
restoratnns were subjected to antiticial agmg (3.2 milhon ¢ yoles between Sand 10 kg
in & water bath ot ¥7°C) before being axially loaded to failure. Fracuned specimens
were examined using s anning electron microscopy to detect Iractune angin, location,
and size of critieal crack. Stress ot aidure was caloulsted using frac o graphy principles
(alpha = 0.05),

Reslta: Comemed CAD-on restorations demonserated sigaicamly higher (F = 72,
P 0001) fracture losd compared 10 fused CAD-on and manually layered restora
om. Fractographn analysu of fractured specimens indicated that cemented CAD-on
veneer s failed due o radial cracks oniginatn g from the vemerk esin mierface . Branch-
ing ol the cotical crack was observed 0 the bk of e veneer. Fused CAD-on veneens
demomtrated cobesive Tracture anginating at e Sicke st pant of Sie veneer ceramig,
whike manually layered venoens faked due to mterfacial fractune st the zirconia/veneer
nterlae.

Conclusions: Within the limsations of @us study, comented CAD-on veneers on
custonm s Zirconia tmplant abatamsents demonstrated Tgher Lramture than Tused and
manually layered veneens

M. hule, ®e latwic of CADVCAM zrconia or metal

Computeniand demistry s gaining aention, albwing a quick
and tharough diagnosis of ¢ limcal problems, alfering multple
solutions for the patient, and allowing fabrcation of xcurste
ad comphx reskorsdions with nothing more ®an 2 few
Keybosrd chicks. Barly compurer-assisted deslg/oompune -
aanted mamilstuning aystems (CADCAM) focawsed on
labrication of custom e d all e ramic frameworks and copings
that were Ister veneered using different kechniques.! Wi
Iprovements in soltware and alvances i milling pokatial,
CADVCAM technokigy was deployed 1o fabrk ke inplant
dtments,” temporary restiorations, metalli  frameworks,
esthetic wimeens, and even luger objpcts, such as swgical
guides and removabhe denmre hases

b trameworks became a totally dignal process. Apphication
of e veneer coramic usng eiier mumual layering or press-on
venoer s requines an investment of much time and effont from
e dental coramint and remains lable 0 human errors, such
o atroduction of stnnctral delects in the veneer matenal,
occhinal mudies, or shade mismatch, making the lnal esthetic
outcome difficult to gredict. Addstionally, manally layered
verieer s are amociaed with creation of internal stresses M the
lrameworkAeneer imterface related 1o mismatch in thermal
expansion coeflicien and 1o cooling sweses. Thes inkernal
srosses wore recently deemed a probable cause for chigping
failure of the veneer ceramic’ Addivional factors such as

Ml of Prowtoditon 00 G0L4 4.0 ©) 2004 by e Ararcan Collage of Proshaden s s 1
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Effect of Veneering Techniques on Shear and Microtensile

Bond Strengths of Zirconia-Based All-Ceramic Systems

Tuba Yilmaz Savas?@ / Filiz AykentP

Purpose: To evaluate shear (SBS) and microtensile (uTBS) bond strengths of zirconia cores veneered using different
fabrication techniques.

Materials and Methods: Seventy-five IPS e.max ZirCAD plates were fabricated and divided into three groups ac-
cording to the following veneering techniques: layering, pressing, and CAD-on. The specimens of the layering group
were veneered with IPS e.max Ceram, and the specimens of the pressing group were veneered with IPS e.max Zir-
Press. Veneering ceramics in the CAD-on group were milled from IPS e.max CAD, fused with the core by using a
glass-fusion ceramic, and then crystallized. Bond strength tests were performed using a universal testing machine
at a crosshead speed of 0.5 mm/min for the SBS test and 1 mm/min for the uTBS test. Mean SBS and pTBS
(MPa) were analyzed with one-way ANOVA and Tukey's HSD test (p < 0.05).

Results: Significant differences in SBS were observed between the groups (p < 0.05). The mean SBS for the CAD-on
group was significantly higher (31.89 + 5.83 MPa) than those of the layering (14.27 + 4.45 MPa) and pressing
(12.23 + 3.04 MPa) groups. However, the mean uTBS of the CAD-on (30.41 + 8.64 MPa), layering (21.71 + 3.40 MPa)
and pressing (20.74 + 6.36 MPa) groups were not statistically significant (p > 0.05).

Conclusion: The CAD-on technique showed the highest shear bond strengths of the tested groups, and most of the

specimens failed cohesively instead of failing at the adhesive interface.

Keywords: zirconia, veneering techniques, CAD-on, all-ceramics, bond strength.

J Adhes Dent 2017; 19: 507-515.
dol: 10.3290/} jad.a39595

The results of the shear bond strength section of this study were previously pmamad at the IADR/PER C ongr D

and the results of the microtensile bond strength section were pi
September 25-27, 2014.

ith the introduction of high strength yttria-partially sta-

bilized tetragonal zirconia (Y-TZP) as a core material,
zirconia-based restorations have become a suitable alterna-
tive to traditional metal-ceramic restorations.19.41 |ts good
biocompatibility, white color, transformation toughening,
high strength, and stability have made zirconia the pre-
ferred core material for all-ceramic restorations.2° Although
they are white and relatively translucent,46 zirconia cores
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are veneered with a ceramic material to achieve an estheti-
cally pleasing and natural appearance.4®

Various veneering materials and techniques are available
for the zirconia core material. The layering technique has
been the principal method of applying veneering ceramics
to the core material.23 In this technique, the ceramic pow-
der is mixed with its liquid and applied to the zirconia core
material, which is larger than its final dmensions to com-
pensate for volumetric shrinkage of the ceramic.23.25 |n
contrast, the pressing technique involves waxing up the res-
torations to the desired tooth anatomy directly onto the zir-
conia core. The wax patterns are invested and burned out,
and the pressable ceramic is then heat-pressed into the
veneer space in the investment ring.23 Besides these well-
known veneering techniques, a new technique has been
introduced that involves CAD/CAM of both the zirconia core
and the veneer ceramic.12 Because the ceramic blocks are
produced industrially, this technique results in almost flaw-
less components.38 In the new technique, the veneer is
milled from a lithium disilicate ceramic and adapted to a
milled-sintered zirconia framework. A fusion ceramic is
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Evaluation of shear bond strength of veneering
ceramics and zirconia fabricated by the digital
veneering method
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Artcle hastory Purpose The purpose of the study was to evaluste the shear band strength (588 of
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veneening method i believed 1o be effective in clinical use mnce, 16 shear band strength
= spnibeantly higher than that resulting from the conve mtional method
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Abstract

Purpose: Recently, a novel technique was introduced to combine lithium disilicate
and zirconia into one restoration. The purpose of this study was to compare the
microtensile bond strength of veneering ceramic to a zirconia core in two techniques:
the e.max® CAD-on technique and the Press-on technique.

Materials and Methods: Group A was prepared by veneering sintered zirconia
blocks (e.max® ZirCAD) with lithium disilicate blocks (e.max® CAD) using the
CAD-on technique according to manufacturer’s instructions. Group B was prepared
by taking sintered e.max® ZirCAD blocks and veneering them with fluorapatite glass-
ceramic (e.max® ZirPress) using the Press-on technique according to manufacturer’s
instructions. Each block was loaded in a dynamic cyclic loading machine. The blocks
were then sectioned into 1 x 1 mm? beams (n = 43) using a precision saw, thermo-
cycled, and loaded in tension until failure on a universal testing machine. A mean and
standard deviation were determined per group. Data were analyzed using an unpaired
r-test (o = 0.05).

Results: The mean microtensile bond strengths were 44.0 =+ 13.8 MPa for the CAD-
on technique and 14.9 + 8.8 MPa for the Press-on technique. Significant differences
were found between the two groups (p = 2.7E~19).

Conclusions: The CAD-on technique (lithium disilicate/zirconia) resulted in
greater microtensile bond strength than the Press-on technique (fluorapatite
glass-ceramic/zirconia).

All-ceramic crowns and fixed dental prostheses (FDPs) are in-
creasingly being used in clinical dentistry due to their opti-
mal esthetics and ease of use. Regarding esthetics, all-ceramic
crowns may be more esthetic than metal ceramic restorations,
specifically due to their lack of metal substructure, which allows
them to blend with natural teeth.! When CEREC®2 (Sirona
Dental Systems, Charlotte, NC) was introduced in 1994, its ca-
pability of milling single unit crowns forever changed the land-
scape of all-ceramic restorations. Companies began to develop
all-ceramic systems that not only attempted to meet esthetic de-
mands, but also incorporated computer-aided design/computer-
aided manufacturing (CAD/CAM) technology for chairside and
laboratory uses. The benefits of milling indirect restorations us-
ing CAD/CAM include: ability to provide a definitive restora-
tion for a patient the same day as tooth preparation, elimination

Journal of Prosthodontics 00 (2014) 1-6 © 2016 by the A

of porosities inherent in hand-applied porcelain, elimination
of casting errors by precise milling of frameworks, and com-
pensation of volumetric shrinkage of core ceramics such as
yttria-stabilized tetragonal zirconia polycrystalline (Y-TZP).>*
Marginal adaptations as low as 9 to 15 m have been achieved
in milled restorations.* Also, it has been shown that in the
right applications, these CAD/CAM all-ceramic restorations
can have good durability, with the survival rate of all-ceramic
FDPs with zirconia frameworks after 5 years being comparable
to that of conventional metal ceramic FDPs at 8 years.*
Some of the success of all-ceramic crowns and FDPs can
be attributed to the strength of the core materials. Today,
Y-TZP is considered the core material of choice for all-ceramic
posterior restorations, particularly FDPs, due to its superior
flexural strength and fracture toughness compared to other

tists 1
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Abstract

Purpose: The purpose of this prospective clmical stdy was 1o detormme e micces
rate of singleunt posterior fxed dental prostheses (FDI%) with zirconia copangs
gencrated with two CADICAM sy stestn, compared 1o posoe ban - lused- kel (PEM)
vinghe-unit posterion FDPs alter S years of functaon

Materlaly and Methods: Fram X085 to X)06, 60 patsemts who needed a singleuntt
FOPon a thest molar in e manditslar jaw (left or oghty in a prvate oflice selimg were
e haded 1 this sty The 60 st mand i bar molans were sandamly diviled mto theee
grosps n = 200 in e control group (group C), 20 PEM FDI% were mcluded. In the
ofier two groups CALYCAM technology was used for the fabrication of the zr conium:
oxxde copings: X singleuntt posterior FDPs with 2 rconmia copings were generasxd
with the Procera system (group 1% Nobel Bocare ), X) single-untt posterion FDI% wigh
Hroonia copings were generakd with the Lava system (growp L, IM ESPE). For the
ANOVA follow-up data, the clinical life table method was applied The statistical
analysis was performed using two nonparametr i tests, tie logaank test for bgroups
andl the Fiaher exant test

Results: No  statistically sugalcan differeme @ the chimeal  omcome ol
wirconis-ce ramic FDPs of both groups (1" and L) evahiated togeier and metal-ceramic
posterion simgle FDPs was found o S yeans of function; however, clinkal data showed
that teshinical probke s, soch as extended Tracture of e veneering cerami, tended
to ocour mare Troquently in the zirconia-ceramic FDP groups. The difference in the
trequency of Tallure was statistnally sigmticant oaly m the compa won of groups ¢
and

Conclusdons: Even I no statimially signiticant dilferemce in e clmical om-
ot of drconi-ceramic DI of both groups (1" and Ly comidenad together and
metal-coramik posterior single FDPs was found at 5 years of function, chnkal data
Ahowed thatthe two zieconia-cerami FDP groups tended 1o have mere frequent clin-
{eal problemn for this reavon all the clinical and techinkal variables relakd w0 the
wwe of seconia-cerami FDPs generated with CADVCAM systema should be carclully
constdened prior o all e sment proce dares

Thanks 10 ther growing awareness of esthetion and biovom-
pativility, patients increasingly request metal free solutions.'
Due w0 e successtul use of allcerami crowns both in the
aterion ankd posterion segments, ™ and with the mtroductaon of
advanced demtal technology and highatren gth ceramic materi-
als, allcerami systems may bocome a vishle tre stment option.

Suchirestorative all-ceramic syssems must Tul ikl brome chanical
requirements and provide kngevity sinslar to metal-ceramic
restorations ™" wiileproviding enhanced esthetics ' Zirconia,
which i a4 polycrystalline maber ial without & glassy matos and
s partly stabilized by Wirnm oxkle (approximasely 3 mol' ),
a2 valid metalfree option. The we of zrconi has been
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Randomized controlled clinical trial of digital and conventional
workflows for the fabrication of zirconia-ceramic fixed partial
dentures. Part Ill: Marginal and internal fit
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The introduction of oom puter -
added desgn and  computer-
aded manufacturing  (CAD-
CAM) systems to dentistry has
led to increased production ef-
fickency and the mtroduction of
new restarative materials, sich
as Arconda. Zirania, because of
its excellent mechanical char-
actenstics, s a sutable alter-
native to the traditionally used
metal frameworks for posterior
fixed partial dentures (FPDs) "

An essential aspect of any
restoative  workflow is the
marginal and intemal fit of the
resulting  prosthesis.  Poarly
fitting margins are assoclated
with a nsk of canies through
increased plague accumulation
and microkakage " Internal
fit can influence the mecharn-
cal stability of the ceramic
restoration, and an increased
internal  discrepancy  can
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