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El éxito a largo plazo en las restauraciones deegifija depende, en gran medida, de
diversos factores como: resistencia a la fractudesgaste, estabilidad dimensional,
retencion, estética, y sellado marginal. Un sellagwrginal defectuoso se traduce en
mayor adherencia de placa bacteriana y microfitimcque pueden producir caries
secundarias y/o irritacién en la encia marginakaado el fracaso de la rehabilitacion

Q).

A lo largo de la historia de la odontologia se haiizado diferentes aleaciones
metalicas (altamente nobles, nobles y metales baselentemente en combinacién
con recubrimientos estéticos, para la fabricacdénproétesis fijas. En este tipo de
restauraciones, las lineas de terminacion prefeqda los clinicos son el chaflan y el
hombro biselado, ya que permite que las restaurasitengan en su margen un angulo

agudo, para facilitar una mejor insercion y sellagrginal().

Sin embargo en la actualidad la estética juegaapelfundamental en la odontologia.
Desfavorablemente, las restauraciones metalicas qcgin recubrimiento estético) no
llenan todas las aspiraciones estéticas deseasig@rEsto que el desarrollo de nuevos
materiales ha sido dirigido a satisfacer esta ndagés Los ceromeros y diversos tipos
de ceramica, entre ellas las de fase vitrea, tezafia con leucita, con disilicato de litio
o alimina, se han venido usando con excelentedta#ggs estéticos pero con
limitaciones en cuanto a sus propiedades fisiedss ttomo baja resistencia, lo que
limita su uso a restauraciones individuales antesiy posteriores, y proétesis fijas de 3
unidades hasta premolares. Ademas, para asegurartelgridad marginal de la

restauracion es necesario disefar lineas de tasi@inan hombro de 9@ 3).

En la busqueda por el material de restauracior gkesle el punto de vista mecanico,
numerosas investigaciones en afnos recientes haunkdedo las virtudes y aplicaciones
del di6éxido de zirconio (zirconio) para su empleola rehabilitacion oral; destacando,
entre sus propiedades, una alta resistencia piledaal. Estas propiedades permiten,
entre otras cosas, la elaboracion de prétesisgbdijei en el sector posterior, ademas de
la posibilidad de realizar preparaciones con lirtEagerminacion en chaflan u hombro,

segun la preferencia del clinieos).
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Como una mas de sus bondades, las restauraciomesircbnio pueden ser
confeccionadas con la mas reciente tecnologia kncé&ion de restauraciones, la
tecnologia CAD/CAM (Computed Aided Design/Comput@itied Manufacturing).
Mediante ella la informacién de la preparaciéon dees obtenida a través de un escaner
(CAD), directamente del diente o de su réplica entwquel, desde el cual se
transmitiran los datos a un ordenador (CAM) gquest@di en la confeccién de la

restauraciom, s).

La combinacién del zirconio con la tecnologia CABM, pretende poner al alcance de
los profesionales, restauraciones que ofrezcatigsteesistencia y un sellado marginal
optimo. Sin embargo, de las bondades anterioerdgcritas, la capacidad de sellado
marginal cuando se hacen impresiones digitalestdireente del diente preparado no ha
sido lo suficientemente estudiada, por lo que nstex aun datos contundentes que
indiquen si es mejor hacer una impresion convemtioon elastomeros o hacer una

impresion digital con la ayuda de un escaner indlao

El propésito de esta investigacion es evaluar lgacidad del sellado marginal de
restauraciones de zirconio fabricadas a parting&esiones digitales y de modelos de
yeso obtenidos con poliéter como material de im@negn preparaciones con dos
disefios de linea de terminacion diferentes, homdondeado de 90° y chaflan de 45°;
asi como la influencia de los ciclos de coccionlaleeramica de recubrimiento, el

glaseado y el cementado en el sellado marginal.

11| RAUL IRAM EUAN SAL2AR
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Hipotesis para el tipo de CAD/CAM:

Hipotesis nula (HO)

No hay diferencias en el ajuste marginal de corom@szirconio fabricadas con

impresiones digitales usando un CAD/CAM clinico pexto al de las coronas
fabricadas con impresiones convencionales y un CADN de laboratorio.

Hipétesis alternativa (H1)

Hay diferencias en el ajuste marginal de coronaardenio fabricadas con impresiones
digitales usando un CAD/CAM clinico respecto al lds coronas fabricadas con

impresiones convencionales y un CAD/CAM de labarato

Hipotesis para el disefio de linea de terminacion:

Hipotesis nula (HO)

No existen diferencias en el ajuste marginal dertas de zirconio fabricadas a partir de
dos diferentes disefios de linea de terminaciénbhomchaflan.

Hipotesis alternativa (H1)

Existen diferencias en el ajuste marginal de cayatezirconio fabricadas a partir de

dos diferentes disefios de linea de terminaciénbhomchaflan.

Hipotesis para los ciclos de coccion de la cerandeaecubrimiento y el
glaseado:

Hipotesis nula (HO)

El ajuste marginal de los ndcleos de zirconio no/esefectado por los procesos de
coccion necesarios para terminar la restauracion.

Hipotesis alternativa (H1)

El ajuste marginal de los nucleos de zirconio safeetado por los procesos de coccion

necesarios para terminar la restauracion.
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Hipotesis para el cementado:

Hipotesis nula (k)

El ajuste marginal de las coronas de zirconio eeafectado por el cementado con
cemento a base de resina.

Hipotesis alternativa (H1)

El ajuste marginal de las coronas de zirconio ngesafectado por el cementado con

cemento a base de resina.

15| RAUL IRAM EUAN SAL2AR
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Objetivo general:
Comparar el ajuste marginal de coronas con baggamio fabricadas a partir
de impresiones digitales e impresiones convenagnaando un CAD/CAM
clinico y otro de laboratorio.

Objetivos especificos:

1. Medir y comparar el ajuste marginal vertical deridsleos de zirconio
fabricados con un CAD/CAM clinico con los fabricadmn un CAD/CAM de
laboratorio en preparaciones con hombro redondgataflan.

2. Medir y comparar el ajuste marginal vertical dedasonas con base de zirconio
después de los ciclos de coccidn de la porcelanacdérimiento.

3. Medir y comparar el ajuste marginal vertical dedasonas con base de zirconio
después del ciclo de glaseado.

4. Medir y comparar el ajuste marginal vertical dedasonas con base de zirconio

después del cementado.

18| RAUL IRAM EUAN SAL2AR
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4.1 HISTORIA Y EVOLUCION.

Las restauraciones metaloceramicas han sido dkiiizaon éxito clinico probado desde
su introduccién, en 1956, por Brecker, hasta lahdea@). Sin embargo, estas
restauraciones presentan desventajas tales comnteticas limitada, deficiente
translucidez, margenes metalicos y biocompatildlishsuficiente, lo cual ha dado pie
al desarrollo de materiales y técnicas que busagorar estos aspectos para cualquier
tipo de restauracion.

Uno de los primeros cambios propuestos con éxiold reduccion del metal en la
zona de la linea de terminacion, apareciendo Eaugaciones con “hombro ceramico”
o “collar less”. Esta técnica mejoré una de lasithoiones estéticas, sin embargo,

faltaban aun otras por mejorar, tal como la trandez e).

Otras propuestas apostaron por el desarrollo derialgls cerdmicos que tuvieran
mejores propiedades fisicas que la ceramica feddiesp que hasta entonces se utilizaba
como recubrimiento sobre estructuras metalicassgjio la ceramica aluminizaga
que contenia del 40 al 50% de alumina en la faseayiaumentando su resistencia hasta
180MPa, es decir, aproximadamente el doble de &istemcia de la ceramica
feldespatica. Sin embargo, esta sélo podia culittiacgones clinicas limitadas a
restauraciones unitarias, por lo que aparecier@vasimateriales ceramicos, como los
reforzados con cristales de leucita y di-silicagolitlo, asi como mejoras a la ceramica
reforzada con alimina, 3, con indicaciones que incluian restauracioneseposes
unitarias o protesis fijas de 3 unidades hasta plames y una resistencia a la flexion de
hasta 400MP&-11).

En los dltimos aflos un nuevo material para la amogia, el dioxido de zirconio
(zirconia), ha sido empleado para atender la deenamd proétesis fija en el sector
posterior, por sus excelentes propiedades mecamisidticas y de biocompatibilidad

5,12-18) Con valores de resistencia flexural de 900 a IMB@ vy resistencia a la fractura
por encima de 10 GPa, este material puede ser adwpleon confianza en casi

cualquier situacion clinicaz).

22| RAUL IRAM EUAN SAL2AR
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4.2 AJUSTE O SELLADO MARGINAL

Definicion

El término “margen” en odontologia se define corhdwade externo de un “inlay”,
“onlay”, corona o cualquier otro tipo de restaudagimientras que “ajuste” es definido
como la adaptacién de una superficie a otra, pooteecta correlacion entre tamafio y

formao).

El término ajuste, o sellado marginal, es defineono la exactitud con la que una
restauracion encaja sobre una linea de terminagiteviamente tallada con

instrumentacion rotatoria a alta velocidag2o, 21)

Conseguir un buen ajuste marginal es uno de lolslggnas mas comunes en prétesis
fija, pues sin éste, problemas como microfiltraciacteriana, disolucion del agente
cementante o caries secundaria, entre otros, puefleir en el éxito a largo plazo de

las restauraciones, 22)

La causa de la falta de ajuste en una corona plexdearse de una o varias de las fases

para su elaboracion, tanto clinicas como de labocatEstas pueden ser:

Durante la preparacion del diente, donde influyanaltura y ancho de la
preparacion, el angulo de convergencia, asi caripocede linea de terminacion
(21).

* Durante la toma de impresion y la obtencion del emde trabajo.

* Durante los procedimientos de laboratorio.

+ Durante el cementado de la restauracion.

Sin embargo, aun controlando todas estas situaisieenpre existira cierto desajuste
en el ajuste marginal de las restauraciones, @s degnpre existird una interfase entre
el diente y la restauracion. Tal discrepancia nmalges el resultado de la combinacién

de discrepancias horizontales y verticales existeen las 3 dimensiongs.

El ajuste marginal 6ptimo ha sido ampliamente itigado por diversos autores, los

cuales encontraron rangos de desajuste que varddmde 10 hasta 5Q@mas4). Se

23' RAUL IRAM EUAN SAL2AR
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consideran como clinicamente aceptables desajustegnales entre 50 y 120n (12, 21,
24).

Para restauraciones CAD/CAM algunos considerantalkpdiscrepancias marginales
entre 50 y 10Qum (25, 26)

El ajuste de una restauracion se puede medir mejotérminos de desajuste, 27)
midiendo en varios puntos entre la superficie destauracion y el dientgig. 1)

Holmes y cols. proponen tener en consideraciorsiggientes puntos para evaluar el
ajuste de una restauracion (Figt)

Desajuste interno: es la distancia perpendiculadeléa superficie interna de la

restauracion a la pared axial de la preparacion.

» Desajuste marginal: es la distancia perpendicutdreela restauracion y la
preparacion a nivel del margen (linea de termimgcio

» Discrepancia marginal vertical: es el desajustggmal vertical medido paralelo
a la via de insercion de la restauracion.

» Discrepancia marginal horizontal: es el desajuséegmal horizontal medido
paralelo a la via de insercion de la restauracion.

» Margen sobrecontorneado: es la distancia perpdadicdesde el desajuste
marginal al margen de la restauracion, es decidiséancia que rebase la
restauracion a la linea de terminacion.

* Margen infracontorneado: es la distancia perpetaliclesde el ajuste marginal
al angulo cavosuperficial del diente. En este calsdliente sobrepasa a la
restauracion.

» Discrepancia marginal absoluta: es la combinacidgukar del desajuste

marginal y el sobrecontorneado o infracontorneado.

El ajuste marginal perfecto ocurrirhd cuando el rearde la restauracion y el angulo

cavosuperficial del diente coincidan.

24| RAUL IRAM EUAN SALZAR
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4.3 LA PREPARACION DEL DIENTE.

Geometria del margen

Uno de los factores mas importantes que puedauiriefh un mejor sellado marginal, es

el disefio de la linea de terminaci@ss2. Shillingburg 2s), afirma que cuanto mas

pequefio es el angulo entre la superficie prepatabldiente en la linea de terminacién

y la trayectoria de insercién, menor sera la apgntarginal para la misma cantidad de

falta de asentamiento.

investigadoreso, 31)

Esta afirmacion es

Shillingburg lo explica asts):

respaldpdr estudios de otros

“Si la superficie preparada adyacente a una lireegedmninacion, tal como lo es el

hombro, la discrepancia margindl,sera tan grande como la distancia que impide que

la corona encajé). Sin embargo, si la superficie interna del margena restauracion

forma un angulom, de menos de 90° con la trayectoria de inser@omo en un

chaflan,d sera mas pequefio Bé. (rigs. 2y 3)

25|
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Fig. 2 y 3. Tomado de Shillingburg, Jacobi y Bratkes).

Se han descrito y defendido diferentes disefiofndad de terminacion: filo de cuchillo,
chaflan, hombro biselado y hombro. Las mas popsilaca el hombro y el chaflan.
Cada una de ellas, posee ventajas, desventajapegifesaciones que deben ser tomadas
en cuenta al momento de decidir cual utilizar pa@da caso en particular.

Para elegir la linea de terminacion se deben ®meuenta los siguientes puntas
1. Facilidad de preparacion sin sobreextensiosmiadte no soportado.

2. Féacil de identificar en la impresion y en el rlodde trabajo.

3. Permitir espacio suficiente para el materialedgauracion.

4. Conservacion de la estructura dental.

En un estudio donde se evaluaron coronas de resioezada con fibra se encontrd
diferencias estadisticamente significativas emmadidas de la discrepancia marginal en
preparaciones con chaflan y hombro, dando comaeslma media de 70 #8n y 95

*+ 18 um, respectivamenteo).

Estos resultados contrastan con los encontradosCpory colaboradoreszs) donde
encontraron mejor sellado marginal en preparacioaeshombro y hombro redondeado

en comparacion con preparaciones con chaflan paoaas de ceromero.

En otro estudio donde se evaluaron materiales ¢éev&mde diferente naturaleza, en
preparaciones con hombro y chaflan, concluyeror tpu variante de linea de
terminacién no tuvo diferencias significativas annhayoria de los grupos estudiados

(23).

26| RAUL IRAM EUAN SAL2AR
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Con respecto a restauraciones de zirconia, sudeeltaarginal fue evaluado en
preparaciones con hombro redondeado y chaflan, emcontrar diferencias

estadisticamente significativas. Las restauracidneson fabricadas con la técnica de
CAD/CAM Procera AllCerangs).

Los resultados anteriores concuerdan con los eratm# en otro estudio donde se
evaluo el sellado marginal en preparaciones corbhmnmombro redondeado y chaflan,
sin encontrar diferencias estadisticamente sigtifias. Las restauraciones fueron
fabricadas con la técnica de CAD/CAM Cercon Smara@icsss).

Localizacién del margen

Los estudios concuerdan en sefalar que siemprseguposible la linea de terminacion

debe situarse supragingivalmente a fin de prey@oblemas periodontales, 3s)

Ademas los margenes supragingivales son mas daddepreparar sin lesionar los
tejidos blandos, de evaluar, de mantenerse libeeplaica, y de tomar impresiones,

ademdas de situarse en esmalte con soporte sudicignt

De todos modos, un margen subgingival esta indicagando existan lesiones
subgingivales, hipersensibilidad dental, cuandcegeiera aumentar la retencion o por

razones estéticas).

Importancia clinica de la adaptacion marginal

Es ampliamente conocido que la zona de union emiserestauracion cementada y el
diente es un lugar potencial para la caries reoterg para la acumulacion de placa
bacteriana. Esto es debido a la disolucion del tageamentante y a la rugosidad
inherente de dicha zona. Por esta razén, cuantar sejadapte la restauracion al diente,
menor sera la posibilidad de que aparezca car@sremnte o enfermedad periodontal

(39).

27| RAUL IRAM EUAN SAL2AR
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Otras caracteristicas de la preparaciéon dental

Reconocidos autores coinciden en sefalar que Uecggh oclusal para una corona debe
ser “anatomica”, es decir, debe de mantener laactafsticas de las cuspides y los
surcos oclusales, pero a la vez debe proveer @spacio de adecuado para el material

de restauracion, que en el caso de las coronasicasaes de 2mms, 33, 40, 41)

En cuanto a la reduccion axial del diente, est@ dealizarse teniendo en cuenta que de
ello dependera el patron de insercion de la corqua,idealmente sera paralelo al eje
longitudinal del diente, por lo que todas las carasles deben de ser convergentes
hacia oclusal o incisal, evitando asi la existed@&aonas de retencion que impidan la

correcta adaptacion y asentamiento de la corona sblliente preparado.

Se considera 6ptimo un angulo de convergencia @ 6 preparacion, es decir 3° de
convergencia en cada pared aalss, 40, 41) En la medida que aumenten los grados de
convergencia, la retencion de la corona ira enetesc Pero si la convergencia es
menor a 6°, o bien las paredes axiales son paakelaasentamiento correcto de la

corona puede ser muy complicaenas, 44)

4.4 MATERIALES CERAMICOS

Definicion

La palabra ceramica deriva del gridgeramos que significa tierra quemada, hecho de
tierra, material quemado. Diversos autores defiadas cerdmicas como materiales
inorganicos, no metalicos que constituyen objeftid@s confeccionados por el hombre
después de hornear materiales basicos mineral@s@etaturas elevadas, bien en un
horno o directo al fueg@s). De forma simple, una cerdmica es un materighcedrio,
cocido en horno que no vitrifica. Por su parteptacelana es una pasta ceramica,
cocida en horno que si vitrifica; y una porcelaaatdl es una ceramica vitrea basada en

una red de silice (SiO2) y feldespato de potasiodio, 0 ambas.
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En otras palabras, la porcelana es una ceramio#gdealta calidad, menos porosa, mas
dura, mas rigida y con excelente aspecto y cuasladperficiales. Ademas, solo se
emplean componentes de gran pureza debido a lossiteg Opticos que tiene que
ofrecer. Pese a que de modo estricto, los térnua@snica y porcelana no significan lo
mismo, en odontologia se usan ambos términos aeafdmdistinta, siendo porcelana

dental el termino apropiads).

Antecedentes histoéricos

Estudios han revelado que la ceramica surgié 40k aA.C. Sin embrago, la
introduccién a la odontologia tuvo lugar en 172& deerre Fauchard, quien es
considerado el padre de la odontologia modernaydougaugirié sustituir dientes por
porcelana. Posteriormente, Alexis Duchateau (17BR), farmacéutico parisino,
movido por los problemas de mal olor y tinciones sos protesis de marfil, intentd
hacer una proétesis dental con porcelana en lacklle porcelanas de Guerhard. Sin
embargo, solo consiguio resultados satisfactofi@s@ciarse con un dentista de Paris,
Nicolas Dubois de Chémant, siendo este Ultimo quimajé activamente para
perfeccionar esta innovacion, aunque no pudo supégaoblema que representaba la

contraccion del material después de su coqedm)

En 1808, Giuseppangelo Fonzi presentd sus protkaimadas “incorruptibles
terrometalicas”; Fonzi creé modelos en los que trofes dientes individuales de
porcelana. Antes de cocerlos se introducia un adavplatino debajo de cada diente los

cuales después se soldaban a la base de la pratesjs

En 1857 Maynard, publico la aplicacién de inlaysaogcas. En 1880, Richmond
patentd un diente de porcelana soldado a un saltéaro. Cuatro afios después,
Marshall Logan, de Pensilvania, registr0 una coroaastruida solo de porcelana,
excepto por una clavija metélica incorporada adeesocerla. Con sus limitaciones e
inconvenientes, estas técnicas representaron urt@waportante, ya que la porcelana
era un material mucho mas estético que los usadaquella época. Cuando en 1894 se
invento el horno eléctrico y en 1889 la porcelarabdja fusion, Charles Henry Land

hizo una aportacion fundamental a la odontolodiapastruir la corona de porcelana
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sobre una matriz de platino. Hacia 1891 el métodofuhdir porcelana a altas
temperaturas se habia perfeccionado, y Land inwoslu fuerte y estética corona de

porcelana en la profesi@s, 46)

En 1923, Wain realizé restauraciones ceramicagpaétodo de la cera perdida. En el
afo de 1958, Vines logré otro gran avance: el hatnvacio para porcelana, reduciendo
la inclusion de burbujas de aire y mejorando létest y transparencia de las coronas.
En la década de los sesentas Weinstein y Katpdingron el sistema metal-porcelana,
gue permitié la construccion de proétesis largastgtieas, desplazando a las coronas

metal-acrilicoas, 46)

Sin embargo, la aportacion mas sobresaliente uind9€5 por Mc Lean y Hugues,

qgue introdujeron una técnica para reforzar la pangedental con alimina (6xido de
aluminio) que actualmente contina en uso. La naddde que colocando la porcelana
feldespatica sobre un ndcleo de oxido de alumis@,mejoraban notablemente las

propiedades de las coronas de porcelana puras

En la década de los ochentas, se produjeron vararsces importantes, uno de ellos fue
la aparicion del sistema Cerestone, un sistemanievade alta resistencia y libre de
contraccion durante el procesado que permitiaydecacion de coronas libres de metal
para el sector posterign, 47y En este sistema el porcentaje de alimina encitm@ra
mayor y el proceso de elaboracion sumamente coopppgro con la ventaja de
contrarrestar la contraccion durante la coccionte Esistema evoluciond, para
simplificar el proceso de fabricacion de las restalones y surgio el sistema Hi-Ceram,
gue contenia el mismo porcentaje de alimina ques@iere, aungque su resistencia en

dientes posteriores aun no era satisfactania

También en los ochentas fue desarrollado el sisteBlBREC (CEramic
REConstruction) por el dentista suizo Werner Mérmanpor el ingeniero italiano
Marco Bramdestini. El sistema fue lanzado al mescad 1985 por la compafia
Seimens, con lo que empezaba la era del CAD/CAM mfiimwed Aided
Design/Computed Aided Manufacturing). Una estimacitecha hacia el afio 2000

indicaba que para entonces existian mas de 10€G0ias del sistema CAD/CAMMs).
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Clasificacion de las porcelanas segun su compositio

De forma general, todas las porcelanas estan catgsude una matriz vitrea (magma
de feldespato), cuyos atomos estan desordenadws)ay cual se encuentran inmersas
particulas de minerales cristalizados (silice ealquiera de sus formas alotrépicas
como son: cuarzo, cristobalita, tridimita o cuafandido), y una pequefia porcién de
caolin, cuyos &tomos si estan dispuestos uniformemé&s importante sefialar que la
fase vitrea es la responsable de la estéticaptadalana, mientras que la fase cristalina
es responsable de la resistencia. Por lo tantoidebestructura de la ceramica tiene una
gran importancia clinica, ya que sus cualidadestieas y mecanicas dependen de su

composicidnas, 49)

En base a estos componentes y otros materialesoratios para modificar sus
propiedades, asi como la temperatura de cocci@n,cd@mdmicas se clasifican en:
feldespéticas, aluminosas y zirconiogas)

Los feldespatos son los minerales que mas comuenagarecen en la formacion de
rocas igneas y constituye el 50-60% de la cortersedstre. La estructura de los
feldespatos pertenece al marco de los silicatgscuales derivan del SiQ en el cual
los iones S son reemplazados por los iones-+Al la valencia es equilibrada por los
iones Na, K+, o Ca-+. El feldespato al descomponerse en vidrio formamatriz vitrea
(que constituye el 75-85% de la composicién conwerat de la porcelana) cuyos
atomos estan desorganizados y la cual proporci@mslticidez a la porcelana. Los
iones Na, K+, Ca+ acttan como fundentes para lograr formar dichaima®or lo
tanto, los feldespatos representativos de estgarédeusados para la fabricacion de las
porcelanas dentales son el feldespato potasictelddspato sodico y el feldespato
resultado de la mezcla de ambos. Por su parteladgsfgato potasico aumenta la
viscosidad y la translucidez de la porcelana mapgwasu manipulacion y actia como
fundente para el caolin y el cuarzo. El feldesgaitdico, dificulta su manipulacion y

disminuye la temperatura de fusi@s) 49)

El cuarzo u 6xido de silice (S#Dconstituye la fase cristalina (atomos organizadags

como habiamos mencionado, es la responsable desistencia de las porcelanas

31' RAUL IRAM EUAN SAL2AR



Evaluacion del ajuste marginal de coronas de zirconio fabricadas con dos sistemas CAD-CAM | 2014

dentales. El cuarzo es incoloro en estado puroduseza es de 7 en la escala de Mohs

(45).

El caolin ( AkO3-SiO2-2H20) se produce en la naturaleza por la accion détieres
meteoroldgicos sobre el feldespato. Es el silitadoatado de alumina, la mas fina de
las arcillas, y su presencia es necesaria paraodklado de la porcelana, ya que le
confiere plasticidad y facilita la mezcla con ebagnanteniendo la forma durante el
secado Yy el horneado, lo que permite, dependieada domposicion, hacerse densa y
resistente sin perder la forma. El mayor problema gresenta es que ocasiona la
pérdida de translucidez y aspecto opaco, lo quedmmucido a una disminucién

progresiva de la proporcion en la mezaia

Finalmente, para disminuir la temperatura de sidgeidn se agregan fundentes, y para
proporcionar diferentes tonalidades se agreganguitms en una proporcion menor al
1%. De forma basica los pigmentos son Oxidos neeislde hierro (marrén), cromo
(verde), cobre (verde), magnesio (azul claro)nitdamarillo pardo) y niquel (marrén),

gue confieren diferentes tonalidadss

Ceramicas feldespaticas

Se caracterizan por ser fragiles y por esta razdrutdizan principalmente sobre
estructuras metélicas. Con el objetivo de mejaraesistencia, surgieron las porcelanas
feldespaticas de alta resistencia a la flexiéon,\alores de 100 a 300 MPa, las cuales
presentan la adicion de diferentes componentes darfeucita, (por ejemplo: Optec-
HSP® Jeneric, Fortress® Myron Int, Finesse® All &ic Dentsply, e IPS Empress®
I lvoclar); cristales de disilicato de litio, (pefemplo: IPS e.max® Press/CAD Ivoclar),
y la combinacion de éste ultimo con cristales defosfato de litio (por ejemplo: IPS
Empress® Il lvoclar). En las porcelanas descritdsréormente se mejord su resistencia
pero se disminuyé su translucidez, por lo cual rasclveces se usan como
recubrimiento interno de una restauracibn que posteente serd cubierta con

porcelana feldespatica convencio@alas, 50)
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Ceramicas aluminosas

Estas ceramicasurgieron para solventar la fragilidad de las parwss feldespaticas.

En este caso se afiadid a su composicion por losnenéd0% en volumen de alimina
(6xido de aluminio). Estas particulas reemplazaasgparticulas de silice, ademas de
estar infiltradas por vidrio. Ademas, el 6xido densinio es un excelente aislante

térmico y eléctrico.

El resultado es una mejoria en la resistencia feex&gn de la porcelana alcanzando
valores entre 300 y 700 MPa, un moédulo de elastitif0% mayor a las porcelanas
convencionales y disminucion importante del coefite de expansion térmica de la
porcelana. Lo anteriormente expuesto, impulséfalecacion de restauraciones libres

de metalas, 49, 50)

La presencia de alumina hace que el vidrio disnmanwya de su caracteristicas propias,
haciéndolo menos quebradizo y disminuyendo el eigkgdesvitrificacion, proceso que
consiste en una cristalizacion de la ceramicau lg vuelve fragil y opaca por perder
la estructura amorfa o vitrea. Este proceso tamé&eépuede producir por un elevado

numero de cocciongs).

En la actualidad, las proporciones iniciales denat@ han ido aumentando, de forma
que algunas de las marcas comerciales tienen reugdes porcentajes de ella en sus
composiciones, combinandose generalmente con sigeoa formar una estructura muy
resistente. Sin embargo, altas cantidades de adu(nrayores al 50%), se traducen
ademés de la mencionada mejoria en resistenciayjnanmayor opacidad de la
restauracion, lo que obliga al clinico a realizaltalos mas agresivos para poder
conseguir una adecuada translucidez. Es por estegja tipo de porcelana se usa para
fabricar estructuras internas de restauraciones,spm cubiertas posteriormente con

porcelana convencional para alcanzar la estétieauad aas, 49)

A pesar de su mayor resistencia, uno de los pradegue presentan las porcelanas
aluminosas es su contraccion durante el procesadaaglor, por lo que su ajuste

marginal es mas deficiente comparado con las mrestames metaloceramicas).
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Ceramicas zirconiosas

Estas ceramicas de Ultima generacion estan congguest 6xido de zirconio altamente
sinterizado (95%) estabilizado parcialmente conddxile itrio (5%). Al 6xido de

zirconio también es correcto llamarle zirconio r@ania49).

La principal caracteristica de la zirconia es ®valla tenacidad, que se debe a que su
microestructura es completamente cristalina y adgmdee un mecanismo de refuerzo
denominado “transformacion resistentgly. 4. Este fendbmeno fue descubierto por
Garvie y colaboradorese) y consiste en que la zirconia parcialmente estalih ante
una zona de alto estrés mecanico como puede samla de una grieta, sufre una
transformacion de fase cristalina, pasa a fornragehal monoclinica, adquiriendo un

mayor volumen y aumentando su resistencia, loexitd la propagacion de la fractura.

Esta propiedad le brinda a esta ceramica unaeasiata la flexion entre 1000 y 1500
MPa superando ampliamente en este aspecto aldes#s ceramicas, lo cual hace de la
zirconia un material idéneo para restauracioneslé@xiste un compromiso mecénico

y a la vez se busca un alto grado de satisfacaitéitieao).

Grieta

Fig. 4. Transformacion de la fase cristalina dezleconia (49).
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Estos son algunos ejemplos de las ceramicas dentalebase de zirconio
comercializados: DC Zircon® DCS, Cercon® DentsptyCeram® YZ Vita, Procera®

Zirconia Nobel Biocare, Lava® 3M Espe, IPS e.max®CAD Ivoclar, entre otros.

Clasificacion de las porcelanas segun la técnica donfeccion

Se pueden clasificar en tres grupos:
1. Condensacion sobre mufion refractario.
2. Técnica de la cera perdida.

3. Tecnologia asistida por ordenador o tecnologi®/{CAM.

El primer grupo requiere la confeccion de un modalplicado del modelo primario,
que se fabrica con un material refractario sobrrial se condensa la porcelana para ser
llevada a coccidn sobre el modelo termo resistékltgrinos sistemas que trabajan con
esta técnica son: Optec-HSP® Jeneric, Fortress@mimt e In Ceram® Spinell Vita
(49).

La segunda técnica se basa en el principio trathtide fabricar una restauracién en un
material calcinable, que es recubierta por un nadteefractario para después ser
llevada a un horno donde el material se calcina Yperde” dando lugar a un molde al
cual se le inyectard un material ceramico. Lo®sias mas populares para esta técnica

son: IPS Empress® e IPS e.max® Press de la compaiar (49).

Las técnicas tradicionales para fabricar restaon@si poseen ciertas desventajas:
requieren gran cantidad de tiempo, el error hunesté siempre latente, y los resultados

pueden ser impredecible debido a la naturalezasiprecedimientosy).

Tecnologia asistida por ordenador

Los interesantes avances en la tecnologia ditataldontologia estética, y la demanda
de restauraciones mas naturales, han despertadi@réls en las restauraciones hechas

por ordenador
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Hoy en dia la tecnologia CAD/CAM nos permite fabricestauraciones ceramicas

precisas de una forma rapida, comoda y predegibte, 52

Existen 3 fases en la fabricacion de restauraciacws tecnologia CAD/CAM:

digitalizacion, disefio y mecanizado.

La digitalizacion consiste en registrar tridimemsiimente la preparacion dental. Esta
puede hacerse extraoralmente, a través de una swudica o un laser que escanea la
superficie del troquel; o intraoralmente en la gna camara capta la imagen del diente

preparado sin necesidad de tomar impresiones)

Después de la digitalizacion, se realiza el disgéda restauracion por medio de un
software especial, con el cual se pueden deterrdataties como la topografia oclusal,
los puntos de contacto interproximales, el espésdas cofias, el espacio para el agente
cementante, etc. En otras palabras, el ordenadedepdiseniar desde la estructura
interna de una restauracion, hasta una coronacperiente detallada en su anatomia,

lista para ser maquillada y posteriormente cemengadksz, 53, 54)

Concluido el disefio, el ordenador da instruccianésunidad de fresado, que inicia de
forma automatica el mecanizado de la estructuraéanuen. Los sistemas mas
representativos son: CEREC® Sirona, Procera® Nd&hetare, Lava® 3M Espe,
DCS® DCS, Cercon® Dentsply y Everest® Kavo, entresass, 52)

Si bien es cierto que la evidencia cientifica nedqaideterminar si los procedimientos
tradicionales son mejores que los de la tecnol6giB/CAM o viceversa, la mayoria
de los profesionales e investigadores estan derdwwpie en el futuro la tecnologia
CAD/CAM se impondra a los métodos tradicionales

Sistema LAVA™ 3M ESPE

El sistema Lava All Ceramic system, es un sisterABR/CAM que fue introducido al
mercado en el afio de 2002, por la casa comercidESNE. Este sistema no necesita la

confeccion de una restauracién de cera, ya gquscaner (Lavat Scan) es capaz de
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realizar la lectura del modelo de trabajo por meldi un laser en 5 minutos por unidad,
0 bien puede ser usado el escaner intraoral (L&vQ.S,) para eliminar la necesidad de

la toma de impresiones. Se considera que el est@meouna precision de 2-3usn).

Una vez que los datos pasaron al ordenador (L&AD) y éste ha propuesto un disefio
de restauracion, el bloque de zirconia presintdazzon itrio (Lava' Zirconia Frame)

es colocado en la unidad de fresado (Laweorm) donde demorara alrededor de 35
minutos para fabricar una corona individual, comefsiones 20-25% mayores a lo
normal para contrarrestar la contraccion que seagasu sinterizacion. El fresado del

bloque de zirconia tiene un error aproximado egipi@n de 5.61n%o).

Posteriormente, la estructura fresada es retiradsorgetida al acabado. En este
procedimiento, la estructura de zirconio se sumergel liqguido Lava Shade durante
dos minutos, con la finalidad tefir la estructueazdconio con alguno de los 7 tonos
disponibles segun la escala de Vita Classic Célioalmente es sinterizada en el horno
Lava™ Therm a 1105°C por 7 horas, o bien durante 4 hera® se aplico ningun tipo

de tinte a la estructura de zircogsa.

La restauracion sinterizada es removida y soboo@hg o infraestructura se aplica la
ceramica de recubrimiento por estratificacion Law@eram u otra ceramica compatible

(50).

El espesor de la infraestructura es de 0.5mm, parresistencia a la flexion de 1250 a
1400 MPa y un modulo de elasticidad de 210GPa.indisaciones del sistema lava
incluyen la confeccion de coronas individuales gtesis parcial fija en el sector

anterior y posteriogo).

4.5 CAD/CAM Y AJUSTE MARGINAL

Ademas del disefio de la linea de terminacién, &xistros factores que pueden afectar
la calidad del sellado marginal en restauracioreegictonia hechas por CAD/CAM.
Uno de ellos es el espacio para el cemento, quiemer elegido por CAD, y otro es el

angulo de convergencia de las paredes axialesielgledoreparado. Diversos estudios

37' RAUL IRAM EUAN SAL2AR



Evaluacion del ajuste marginal de coronas de zirconio fabricadas con dos sistemas CAD-CAM | 2014

coinciden, en que aumentar el espacio para el denjga 10 a 50 6 6Am) se traduce

en un mejor sellado marginal, lo mismo que el auaregl angulo de convergencia en
las paredes axiales. Sin embargo, con un espac@geaento superior a 3im, el
aumentar el angulo de convergencia, no afectafgigtivamente ni en la adaptacion
interna, ni en el sellado marginad, 54). Ademas, esta demostrado que un aumento en el
angulo de convergencia de las paredes axiales gmavoa pérdida en la capacidad de

retencion de la protesgs).

Otro factor, que ha sido estudiado es el efectoeselsellado marginal, de los ciclos de
coccion de la porcelana que recubre los nucleaardenia. Un estudio compard tres
sistemas, Everest, Procera y Lava, aunque endeshttbo un peor sellado marginal
después de la colocacion de la ceramica de recigition las diferencias fueron

minimas, sobre todo en el sistema Lava, por losgueoncluy6 que los nucleos no se

vieron afectados por su colocaciénss).

Es importante mencionar, que si bien, el trataroiégrimico asociado con la colocacion
de la porcelana sobre nucleos de zirconia reducesiatencia flexural después de la

primera coccidn, las cocciones subsecuentes panecerermar mas su resistengia

La evolucion de la tecnologia CAD/CAM, permite arattualidad, dos modalidades de
uso. Una en la que se elabora un encerado delyde procesa en CAM, y otra que
usa un software CAD para el disefio de la restaamaciCAM para su elaboracion. Un
estudio reciente afirma que se consigue una majaptacion y sellado marginal,

cuando se utiliza el sistema CAD/CAM, que cuandosses6lo CAMso).

4.6 EVALUACION DEL AJUSTE MARGINAL

En diversos estudios el ajuste marginal de restenmes en protesis fija ha sido
evaluado mediante diversas técnicas, tales comemex visual directo, por
microscopia oOptica, estereomicroscopio, mediant®daica de la réplica, prueba de

penetracidon de tinte, perfilbmetro y escaneo parascopia electronicaiz, 20, 22, 23, 60-
62).

Durante la evaluacion clinica, la restauracidnedgedpoder colocar sin que interfiera la

parte interna de la restauracion en las carasesxiabclusal; en otras palabras el lugar
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de mejor adaptacion debe ser en el margen o lied¢archinacion y para esto también
debe existir un excelente ajuste interno. Parauavdh adaptacion marginal se usa
rutinariamente un explorador de punta fina, mowdmdverticalmente desde la
restauracion hacia el diente y viceversa. Si haigtencia en ambas direcciones, es que
existe un hueco o margen abierto, y pueden seasvalas causas. Si la desadaptacion
marginal fuera producto de un contacto proximalesk®, o de restos del agente
cementante temporal, se podria corregir facilme8ia. embargo una restauracion
claramente desadaptada no es aceptable y se d&lrdrgentar que se “ajuste”, siendo

lo indicado tomar una nueva impresion.

4.7 AGENTES CEMENTANTES Y TECNICAS DE CEMENTADO

Todas las restauraciones protésicas necesitan dgante cementante que permita su
union al diente a ser restaurado. La palabra cemtnimplica el uso de una sustancia

moldeable que selle el espacio o que cemente adogarentes entre &b).

Cuando dos superficies aparentemente lisas se mmmeontacto, como sucede cuando
una protesis fija se coloca sobre un diente preparaparece un microespacio entre
ambos cuerpos, que es de gran importancia si tenemouanta la entrada de saliva y
la invasién bacteriana, que como sabemos puedeug@roproblemas como: caries,

enfermedad periodontal, sensibilidad pulpar e B&luecrosis pulpasz-39, 63, 64)

Uno de los principales propositos del agente ceamésit es impedir el paso de estos
agentes nocivos, sellando por completo estos espacpara ello son muy importantes
sus propiedades fisicas y quimicas. Debe ser adggmmoveer un grosor de pelicula
adecuado (25um o0 menos) y tener una viscosidageugta el completo asentamiento
de la restauracion. Ademas de ser resistente aestdgracion (resistencia a la
solubilidad) en la cavidad oral, ser biocompatipleener una adecuado tiempo de

trabajo(ss,64)

El agente cementante debe tener una buena fuenesiaal tanto al diente como a la
restauracion, y esta adhesion debe ser estable amhbiente himedo como lo es la
cavidad oral. También debe tener buenas propiedames resistencia a la tensiéon y a
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la compresion, apropiado modulo elastico y resiitena la fractura para prevenir el

desalojo como resultado de fallas en la interfalsdl@s cohesivaga).

Los cementos de resina son en la actualidad lostegyeementantes de eleccion para
las restauraciones ceramicas gracias a su propi@elaabihesion quimica (porcelana
silanizada) y mecanica, a su alta resistencia tenaion y a la compresion, a la

insolubilidad en el medio oral que supera al relstdos cementos y que por lo tanto es

el que mejor impide el proceso de microfiltraciomiael marginales-6s)

Sin embargo, es importante aclarar que para lamaecién adhesiva existen dos tipos
de ceramica, las acido sensibles (ceramica feltieapéde leucita o di silicato de litio) y
las &cido resistentes (ceramicas aluminosas adds por vidrio, ceramicas
alimina/zirconia, zirconia parcialmente estabilezambn itrio Y-TZP y ceramicas de
alimina densamente sinterizadas) que no puedetrasadas con acido fluorhidrico,

pues éste no es capaz de degradar estos tiposAdE Caes66-69)

En las cerdmicas acido sensibles la adhesion ssgoenpor medio del grabado con
acido fluorhidrico, que crea irregularidades en daperficie, que permiten

microretencion y ademas genera la presencia deesédn la superficie, que es
quimicamente compatible con el silano. El silanoeésagente de union entre el
contenido de silice de la ceramica y la matriz oigg de los cementos de resina,

permitiendo ademas de una microretencion la adhegitmicaes-69)

Para las ceramicas acido resistentes, como lanmcalcanzar una mejor adhesion a los
cementos a base de resina requiere el acondicientoride la superficie de la ceramica
por medio de la abrasion con aire usando particdéa®\bO3 o acondicionando la

superficie con un recubrimiento de silice y postesilanizacioness-69)
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Abstract

Purpose: The purpose of this study was to evaluate the marginal adaptation of zirconium
dioxide crowns in preparations with two different finish line configurations before and after
porcelain firing cycles, after a glaze cycle and after cementation.

Materials and Methods: Twenty human molar teeth were prepared to receive full crowns; ten
were prepared with a 90° round shoulder and another ten with a 45° chamfer finish line.
Zirconium dioxide copings were fabricated using CAD/CAM technology (Lava™ system). They
were then veneered with a low-fusing glass-ceramic (IPS e.max® Ceram). Finally, they were
glazed and cemented with a resin composite cement (RelyX™ Unicem, Aplicap™).
Measurements for marginal adaptation using stereomicroscopy at a magnification of 40x were
performed at four stages: copings (S1), after porcelain firing cycles (S2), after glazing (S3) and
after cementation (S4). A one-way ANOVA was used to assess the influence of the finish line
design in the marginal adaptation in each stage. A 2-way ANOVA with repeated measurements
was performed to assess the influence in the marginal adaptation of the porcelain firing cycles,
glaze firing cycle and cementation.

Results. The measured marginal gap mean values for the shoulder group (um) were: 50.13
(S1), 54.32 (S2), 55.12 (S3), 59.83 (S4). The values for the chamfer group were: 63.56 (S1),
71.85 (S2), 74.12 (S3), and 76.97 (S4). When comparing marginal gaps between samples with
two different finish lines, differences were noticed at the four studied stages (p=0.0165,
p=0.0027, p=0.0009 and p=0.0009 respectively). No differences were manifested in the
marginal gap measurements of the shoulder group at the different stages of fabrication
(p=0.4335); however, in the chamfer group, differences were noticed between S1 and S3
(p=0.0468).

Conclusions. The marginal adaptation was influenced by the finish line design. The firing cycles
significantly affected the chamfer group; nevertheless, the marginal gap was within the range
of clinical acceptability.

INDEX WORDS: CAD/CAM crowns, marginal fit.
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Introduction

The success of a full crown restoration depends on several factors. One of the most important
factors is the marginal adaptation’® which can be influenced by finish line design, repeated
ceramic firing cycles and cementation materials. These factors have been widely studied in
metal ceramic restoration and all ceramic restorations. >’

All types of ceramic restorations are becoming more popular every day. The use of zirconium
dioxide-based ceramics (ZrO,) in combination with CAD/CAM technology makes aesthetic and

resistant restorations with excellent marginal adaptations available to all clinicians.” ****

The Lava™ all-ceramic system (3M ESPE) comprises a CAD/CAM procedure for the fabrication

of all-ceramic crowns and bridges for anterior and posterior applications.” ** **

The system
uses tetragonal polycrystalline zirconia partially stabilized with yttria (Y-TZP = yttria tetragonal
zirconia polycrystals). Traditionally, coping fabrication is performed by scanning the model
using the optical Lava™ Scan, by designing the restoration with specific software (CAD) and by
milling an enlarged form out a pre-sintered zirconia blank with the Lava™ Form (CAM). This
coping can be colored by choice with seven different shades and is then sintered to its final

density in the furnace. Finally, the coping is veneered and artistically finished."

For metal-free restorations, the most popular finish line designs are round shoulder and

2,13, 16-18

chamfer. However, there is not enough evidence to decide which design offers better

marginal adaptation.

The field of dentistry remains without an agreement for the establishment of an acceptable
marginal discrepancy. A marginal gap ranging from 10 to 500 um, with mean values from 50 to
100 pm has been defined as acceptable.® Marginal openings ranging from 50 to 120 pm are
considered clinically acceptable in terms of longevity.”” ** For CAD/CAM restorations, the
generally acceptable marginal gap discrepancies are between 50 and 100 pm.3' 7,816

The ceramic firing cycles and glaze firing cycles have shown effects on the marginal adaptation
of all ceramic restorations. Balkaya et al. examined the effects of porcelain and glaze cycles on
the fit of three types of all-ceramic crowns (conventional In-Ceram, copy-milled In-Ceram and
copy-milled feldspathic crowns) and concluded that porcelain firing cycles affect the marginal
fit of all-ceramic crowns.”®. Komine et al.? found that firing cycles did not affect the marginal
adaptation of zirconium crowns in preparations with different finish lines design (shoulder,
round shoulder and chamfer); these results are consistent with those found by Vigolo.”

However, there are not enough studies to support the effect of the firing cycles on zirconium
based restorations.

Properties of luting agents and cementation procedures are very important in the success of a
fixed restoration because marginal discrepancies, and leakage can lead to failure.?! Several
studies show that the use of adhesive resin composite cement promotes a good marginal fit
and minimizes microleakage. * %"

The aim of this investigation was to evaluate the marginal adaptation of zirconium dioxide
crowns in preparations with two different finish line design (90° round shoulder and 45°
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chamfer) before(stage S1) and after porcelain firing cycles (stage S2), after glaze cycles (stage
S3) and after cementation (stage S4). The hypotheses to be tested were as follows: (1) the
finish line design significantly affects the marginal adaptation of CAD/CAM zirconium crowns
(2) the porcelain firing cycles and glaze cycles do not affect the marginal adaptation of
CAD/CAM zirconium crowns and (3) the cementation procedure with resin composite cement
does not affect the marginal adaptation of CAD/CAM zirconium crowns.

Materials and Methods

Twenty extracted human molar teeth with no caries or anatomical defects were used in this
study. Teeth were obtained following the guidelines of the local human research ethics
committee. All teeth were relatively comparable in size, cleaned and stored in 10%
formaldehyde solution until they were used for the study. The teeth were randomly divided
into two groups of ten each. They were then mounted in a block of autopolymerizing resin (Nic
Tone mdc dental®). Both groups were prepared to receive all-ceramic crowns by the same
prosthodontist.

In both groups, preparations were performed with the following characteristics in common:
anatomic oclusal reduction of 2 mm, 6 © axial convergence axial reduction of 1.0 to 1.5 mm
and a finish line located 0.5 mm above the enamel-cementum junction limit (Fig 1). The finish
line for teeth in group A was a 1 mm wide 90° round shoulder. Flat end tapered diamond burs
(Axis ® modified shoulder No. 847KR) were used. In group B, the finish line was 1 mm wide,
and 45° chamfer and torpedo-shaped diamond burs were used (Axis® No. 879K). All
preparations were approved by an experienced prosthodontist.

Impressions of each tooth were made with a polyether impression material (Impregum™
Penta™ medium and Impregum™ soft, 3 M ESPE). A light body impression material was
injected around the tooth preparations and then inserted in custom made trays of regular
body material. After the impression, the prepared teeth were stored in a fresh 10%
formaldehyde solution. Master dies were fabricated with type IV dental stone (Elite® Rock
Fast, Zhermack) prepared by an automatic vacuum mixer following the proportions indicated
by the manufacturer.

After fabrication, all models were sent to an authorized LAVA center for production of the
zirconium copings. All copings were designed to the following manufacturer's instructions: 0.5
mm wall thickness, a 0.35 mm reinforcement of the restoration edge and a 0.02 mm space for
cement that was initiated at a distance of 1.2 mm from the coping of the margin and increased
to 0.05 mm at a distance of 2.3 mm from the margin of the coping (Fig 2).

Evaluation of Marginal Adaptation

Copings and crowns were placed on their teeth and the margins of each coping and crown
were evaluated using a dental explorer (EXD 11/12, Hu-Friedy) and magnification loupes with a
power of 2.5x to perform an initial clinical evaluation. The marginal adaptation was then
evaluated for all specimens with a stereomicroscope (Leica® EZ4D) and a coupled digital
camera. Finally, marginal discrepancy was measured with image analysis software (Image-Pro®
Plus version 6.0.0.260 Copyright© 1993-2006 Media Cybernetics, Inc.).
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Measurements

To measure the marginal adaptation, we used the criterion proposed by Holmes et al.”>, which
defines absolute marginal discrepancy as the distance from the edge of the crown to the edge
of the finish line.

Measurements of marginal discrepancies were made at five equidistant points on each of the
four axial walls for a total of twenty marginal adaptation evaluation sites for each coping (51)
(Fig 3). After all measurements were made, all copings were returned to the dental laboratory
to veneer them with a low-fusing nano-fluorapatite glass-ceramic (IPS e.max® Ceram, Ivoclar
Vivadent®). After veneering, all measurements were taken again (S2) (Fig 4). The crowns were
then glazed using IPS e.max® Ceram Glaze (lvoclar Vivadent®) and marginal discrepancy was
determined again (Fig 5). Finally, crowns were cemented on the prepared teeth using resin
composite cement (RelyX™ Unicem Aplicap™). Finger pressure was initially applied for two
minutes, excess cement was removed, and pressure was applied again for an additional five
minutes. The marginal interface was finally finished with Jiffy composite polishing brushes and
diamond paste (Ultradent®). After the cementation process, all marginal discrepancy
measurements were repeated (Fig 6).

Statistical analysis

The normality and variance homogeneities of all sample measurements were initially
confirmed by the Kolmogorv-Smirnof test and Levene test, respectively. Therefore, parametric
statistics were used (Statgraphics Centurion XV) at a 95% confidence level. A one-way analysis
of variance (ANOVA) test was used at each stage to determine any difference in the marginal
adaptation of the two groups dictated by the type of finish line design.

A multifactor ANOVA with repeated measurements was used in each of the two groups to
study the effects of the ceramic firing cycles, the glaze firing cycles and the cementation
process on the marginal discrepancy. When significant differences were present, a multiple
comparison test was performed using Scheffe’s method.

Results

The measured-misfit mean (um), standard deviation (um), and misfit statistical comparison
between round shoulder (RS) and chamfer restorations (C) before porcelain firing cycles (S1),
after porcelain firing cycles (S2), after glaze cycles (S3) and after cementation (S4) are shown in
table 1.

In the round shoulder group, porcelain firing cycles, glaze cycles and cementation had no
effect on the amount of marginal discrepancy (p=0.4335). There were statistically significant
differences in the chamfer group (p=0.0042). Scheffe's test revealed that these differences
occurred between S1 and S3.

Discussion

This in vitro study evaluated the marginal adaptation of zirconium crowns fabricated by
CAD/CAM with the Lava™ System in preparations with two different finish line designs:
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modified 90° shoulder and 45° chamfer. In addition, we noted the effect of the porcelain firing
cycles, glaze cycles and cementation on the marginal misfit of crowns in both groups.

The results of this study show that the marginal misfit measured in zirconium crowns with a
round shoulder finish line is significantly lower than the measured misfit in chamfer finish line
restorations, so our alternative hypothesis is accepted. These results are consistent with those
found by Ferreira et al. > and Cho et al.’® However, they differ from those found by Komine et
al., ® who also found lower values of marginal discrepancy in shoulder preparations but did not

1.7 also did not find any significant

find a statistically significant difference; Suarez et a
differences. However, the samples used in these studies were not natural teeth prepared
under clinical criteria; they were mechanized specimens, which allow less variability in the

sample but does not accurately reflect clinical circumstances.

During sample preparation, it was believed that the adjustment of the zirconium copings in the
master die might be a critical step that could explain the different amount of marginal misfit
measured for both types of studied restorations. During zirconium coping design, the
manufacturer thickens the margin to prevent defects in this area during milling.”® This
reinforcement is then partially retrieved with 30 um particle-sized diamond burs at the master
cast die during the adjustment process at the dental laboratory. It was believed that this
retrieval might be easier to perform when the finish line was a 90° round shoulder. Therefore,
we strongly recommend the use of a laboratory microscope during removal of the margin
reinforcement.

Although the modified shoulder group showed lower marginal discrepancies than the chamfer
group, both groups always demonstrated misfit measurements within the range of clinical
acceptance (<120um).»* 7%

Marginal fit comparisons after porcelain firing cycles and glazes cycle showed no differences in
the round shoulder group, as described by Komine et al.® However, porcelain firing cycles and
glaze cycles had a significant increasing effect on the chamfer group due to the small amount
of porcelain applied at the edge area that was easily altered during porcelain firing cycles and
glaze firing cycles. Komine et al.® and Vigolo et al.” did not find any differences during the
fabrication stages in restorations with chamfer finish lines. These authors used a deeper
chamfer of 1.2-1.5 mm, that gave more stability to zirconium copings during porcelain firing
cycles. Another recent study® found no dimensional changes during firing procedures with
zirconia core ceramic in bars of 1.2 mm x 4 mm x 20 mm. However, the dimensions of these
samples were much larger than the copings used in this study. Therefore, the second
alternative hypothesis is accepted for the round shoulder group but is rejected for the chamfer

group.

Cementation procedures had no influence on the marginal gap in both groups, so we accept

the third alternative hypothesis presented in this study. These results are consistent with those

reported by others authors. >

Conclusions

Within the limitations of this study, the following conclusions can be drawn:

49| RAUL IRAM EUAN SAL2AR



Evaluacion del ajuste marginal de coronas de zirconio fabricadas con dos sistemas CAD-CAM | 2014

1. The marginal adaptation of zirconia crowns (Lava™) made by a CAD/AM system was
influenced by the finish line design. Preparations with a 90° round shoulder finish line showed
a better marginal seal than did preparations with a 45° chamfer finish line in all fabrication
stages. However, both preparations showed marginal gap measures within acceptable clinical
standards.

2. Marginal adaptation after porcelain firing cycles and glaze firing cycles was not significantly
affected in the round shoulder group. However, after porcelain firing cycles and glaze firing
cycles marginal adaptation increased significantly in the chamfer group.

3. The use of resin cement (Rely X ™ Unicem Aplicap) had no significant effect on the marginal
gap in all-ceramic crowns with zirconia cores (Lava ™), in both groups studied.

Acknowledgment
The authors would like to thank Dr. Rogelio Oliver for his assistance in statistical analysis.

The authors also thank 3 M México for providing some of the material used in this study.

References

1. Limkangwalmongkol P, Kee E, Chiche GJ, et al: Comparison of marginal fit between all-
porcelain margin versus alumina-supported margin on procera® alumina crowns. J
Prosthodont 2009; 18:162-166.

2. Ferreira A, Oliveira F, Bottino MA: Vertical marginal discrepancy of ceramic copings with
different ceramic materials, finish lines, and luting agents: An in vitro evaluation. J Prosthet
Dent 2004; 92:250-257.

3. Att Wael, Komine F, Gerds T, et al: Marginal adaptation of three different zirconium dioxide
three-unit fixed dental prostheses. J Prosthet Dent 2009; 101:239-247.

4. White S, Ingles S, Kipnis V. Influence of marginal opening on microleakage of cemented
artificial crowns. J Prosthet Dent 1994; 71: 257-264.

5. Abbate M, Tjan A, Fox W: Comparison of the marginal fit of various ceramic crown systems. J
Prosthet Dent 1989; 61:527-531.

6. Coli P, Karlsson S: Fit of a new pressure-sintered zirconium dioxide coping. Int J Prosthodont
2004; 17:59-64.

7. Vigolo P, Fonzi F: An invitro evaluation of fit of zirconium-oxide based ceramic four-unit
fixed partial dentures, generated with three different CAD/CAM systems, before and after
porcelain firing cycles and after glaze cycles. J Prosthodont 2008; 17: 621-626.

8. Komine F, Takayuki I, Kobayashi K, et al: Marginal and internal adaptation of zirconium
dioxide ceramic copings and crowns with different finish line designs. Dent Mater J 2007;
26(5): 659-664.

5()| RAUL IRAM EUAN SAL2AR



Evaluacion del ajuste marginal de coronas de zirconio fabricadas con dos sistemas CAD-CAM | 2014

9. Wolfart S, Wegner SM, Al-Halabi A, et al: Clinical evaluation of marginal fit of a new
experimental all-ceramic system before and after cementation.

10. Cho L, Choi J, Jin Yi Y, et al: Effect of finish line variants on marginal accuracy and fracture
strength of ceramic optimized polymer/fiber-reinforced composite crowns. J Prosthet Dent
2004; 91: 554-560.

11. Gavelis JR, Morency JD, Riley ED, et al: The effect of various finish line preparations on the
marginal seal and oclusal seat of full crown preparations. J Prosthet Dent 1981; 45: 138-145.

12. Coli P, Karlsson S: Precision of a CAD/CAM technique for the production of zirconium
dioxide copings. Int J Prsothodont 2004, 17:577-580.

13. Rosentritt M, Behr M, Kolbeck C, Handel G: Marginal integrity of CAD/CAM fixed partial
dentures. Eur J Dent 2007; 1:25-30.

14. Nakamura T, Dei N, Kojima T, Wakabayashi K: Marginal and internal fit of Cerec 3
CAD/CAM all-ceramic crowns. Int J Prosthodont. 2003 May-Jun;16(3):244-8.

15. Adams DC: Ensuring optimal success with the Lava system, Part 2: Techno-clinical
perspectives from authorized Lava Milling Centers. Dent Today 2007; 26 (10): 88-91.

16. Akbar JH, Petrie CS, Walker MP, et al: Marginal adaptation of Cerec 3 CAD/CAM composite
crowns using two different finish line preparation designs. J Prosthodont 2006; 15: 155-163.

17. Sudrez MJ, Gonzdlez P, Pradies G, et al: Comparison of the marginal fit of Procera All Ceram
crowns with two finish lines. Int J Prosthodont 2003; 16: 229-232.

18. Ayad MF: Effect of the crown preparation margin and die type on the marginal accuracy of
fiber-reinforced composite crowns. J Contemp Dent Pract 2008; 9: 1-7.

19. Tan PL, Gratton DG, Diaz-Arnold AM, et al: An in vitro comparison of vertical margins gaps
of CAD/CAM titanium and conventional cast restorations. J Prosthodont 2008; 17: 378-383.

20. Balkaya MC, Cinar A, Pamuk S: Influence of firing cycles on the margin distortion of 3 all-
ceramic crown systems. J Prosthet Dent 2005; 93:346-355.

21. Kumbuloglu O, Lassila L, User A, et al: A study of the physical and chemical properties of
four resin composite luting cements. Int J Prosthodont 2004; 17: 357-363.

22. Gu XH, Kern M: Marginal discrepancies and leakage of all-ceramic crowns: influence of
luting agents and aging conditions. Int J Prosthodont 2003; 16: 109-116.

23. Albert FE, EI-Mowafy OM: Marginal adaptation and microleakage of Procera all-ceram
crowns with four cements. Int J Prosthodont 2004; 17: 529-535.

24. Brys A, Briao G, Demarco FF, et al: Microleakage in full all-ceramic restorations: influence
of internal surface treatment, silane application, alumina system, and substrate. Int J
Prosthodont 2007; 20:123-124.

51| RAUL IRAM EUAN SAL2AR



Evaluacion del ajuste marginal de coronas de zirconio fabricadas con dos sistemas CAD-CAM | 2014

27. Holmes JR, Bayne SC, Holland GA, et al. Considerations in measurement of marginal fit. J
Prosthet Dent 1989; 62: 405-408.

28. McLean JW, von Fraunhofer JA. The estimation of cement film thickness by an in vivo
technique. Br Dent J 1971; 131: 107-111.

29. @ilo M, Gjerdet NR, Tvinnereim HM. The firing procedure influences properties of a
zirconia core ceramic. Dent Mater 2008; 24: 471-475.

30. Clark MT, Richards MW, Meiers JC. Seating accuracy and fracture strength of vented and
nonvented ceramic crowns luted with three cements. J Prosthet Dent. 1995 Jul; 74(1):18-24

52| RAUL IRAM EUAN SAL2AR



Evaluacion del ajuste marginal de coronas de zirconio fabricadas con dos sistemas CAD-CAM | 2014

Table.
~ Round  Means  Standard Chamfer Means Standard  p-value |
shoulder deviation group deviation
group
S1 50.13 13.82 S1 63.56° 8.17 .0165
S2 54.32 14.06 S2 71.85%° 7.59 .0027
S3 55.12 12.62 S3 74.12° 8.50 .0009
sS4 59.83 11.28 sS4 76.97°° 7.55 .0009
P=0.43335 p=0.0042

Table 1 Mean (um), standard deviation (um) and statistical comparison of the restorations with round shoulder and
chamfer finish line at all fabrication stages: S1(zirconium coping before porcelain firing cycles), S2 (after porcelain
firing cycles), S3 (after glaze cycle) and S4 after cementation. Superscript letters indicate different statistical groups
among fabrication stages.
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Figure 1 Sample teeth chamfer and shoulder group, re pecﬁvely. View of the scanned samples.
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Figure 3 Measurements of the zirconium copings taken in the Image-Pro ® Plus.
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Figure 4 Measurements after porcelain firing cycles (IPS e.max® Ceram, Ivoclar Vivadent®).
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Figure 5 Measurements after glaze firing cycle, using IPS e.max® Ceram Gaze (lvoclar Vivadent®).

Figure 6 Measurements after cementation with Rely X™ Unicem Aplicap™
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Statement of problem. Marginal adaptation is essential for the longrtesuccess of
dental restorations. Studies comparing the margigaps of computer aided-
design/computer aided-manufacturing (CAD/CAM) restions made from
conventional and digital impressions are limited.

Purpose. The purpose of this study was to evaluate the malrgadaptation of
zirconium dioxide copings made with 2 different C/AIAM systems, the Lava All-
Ceramic System (LS3can master dies made with conventional impressaomks the
Lava Chairside Oral Scanner (LCOsSan directly from the prepared tooth. In addition,
the influences of 2 different finish line configticms were also compared.

Material and methods. Forty human molar teeth were prepared to recebraptete
crowns. Twenty were prepared with a 90 degree raudilder (RS) and the other 20
with a 45 degree chamfer (Ch) finish line. Zircaniglioxide copings were fabricated
by using CAD/CAM technology. The specimens weredoamized; 10 teeth with RS
and 10 with Ch finish lines with the LS, and 10tkewith RS and 10 with Ch finish
lines with the LCOS. The marginal gaps were meakates points on each side with

stereomicroscopy at a 40x magnification. Data vamiedyzed with 2-way ANOVA.
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Results. The mean values of the measured marginal gagh@®RS group were 52.66
pum with the LS and 14.98 um with the LCOS. The mealoes for the Ch group were
64.06 um for the LS and 18.45 um for the LCOS. éddhces were identified when the
marginal gaps between the specimens with differ€M&D/CAM systems were
compared. However, differences in the finish limsign were identified only between
the RS and Ch with the LS.

Conclusions.Restorations fabricated with the Lava C.O.S. digpdl smaller marginal
gaps than those made with the Lava All-Ceramic égstNevertheless, all marginal

gaps were within the range of clinical acceptapfiir both groups.

CLINICAL IMPLICATIONS

Restorations manufactured with zirconium dioxideéhwa chairside intraoral scanner
displayed significantly smaller marginal gaps thiamse made by scanning dental casts.
INTRODUCTION

The longevity of a complete crown restoration ieeted by multiple factors, including
marginal adaptation, that could be better explainggrms of discrepancy’ Marginal
discrepancy can be defined as the vertical distadnoen the finish line of the
preparation to the cervical margin of the restorat® This is an important component
of fixed restorations, as a large marginal openim@y lead to more plaque
accumulation, microleakage, recurrent caries, ambgontal diseast™

Historically, high noble cast restorations havevamasmaller marginal discrepancies
than base metal alloy, metal ceramic or ceramitoratons. Some studies have
reported marginal gaps smaller than 10 um for Ipiglhadium content alloys and for
gold-platinum-palladium alloy§** whereas other studies have shown marginal

discrepancies between 18 and 46 JiniLofstrom and Barakat reported in an in vivo
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study using a scanning electron microscope thanicelily acceptable margin
discrepancies range from 7 to 65 um; however, gépg to 80 um are difficult to
perceive clinically’® Marginal openings from 50 to 120 um are considerédcally
acceptable in terms of longevity> For computer aided-design/computer aided-
manufacturing (CAD/CAM) restorations, the generalgceptable marginal gap
discrepancies range between 50 to 100 pum, becduseptocess decreases the
possibility of human error and the inaccuracy iemérin different restoration
materials’*%%

Good esthetics is another important requirementy aaramic restorations have
historically proved to be the most natural-lookiig* Advances in dental ceramic
materials and processing techniques, especiallgelielopment of CAD/CAM systems
and milling technology, have facilitated the use d#ntal ceramics with superior
physical propertie® > Partially stabilized zirconia has a flexural sgtnof 900 to
1400 MPa and a fracture toughness of up to 10-MP3 and these properties are
significantly higher than those of other dental apeic materials. In addition,
CAD/CAM systems do not require fabrication stepshsas waxing, investing, and
casting’® However, the use of these new technologies resjaiteer new procedures,
including scanning, software design, milling, andtenial processinghat require a
considerable learning cury&*

CAD/CAM systems are available in 3 different protime approaches, depending on
their location: chairside, dental laboratory or tcaglized milling center. In the first
approach, the digitalization instrument is an ioteh camera, which substitutes for a
conventional impression. The milling procedures banundertaken in a dental office

when the restorative material is resin, nanoceraasm, or lithium disilicate blocks,

but when the restorative material is presinteredonia, dental laboratory equipment
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must be used. In the second approach, a masterscadtricated from a conventional
impression and is transferred to the laboratorye@&fdimensional data are produced
from the master die with a scanner, and the d&gcessed with design software and
sent to the milling machine. In the third approadhta sets produced in the dental
laboratory are sent to the production center fori¢ation with the CAD/CAM device,
and the restorations are returned to the dentatdabry*>+3

The recently introduced Lava Chairside Oral Scariheva C.0.S.) (3M ESPE) is
based on the principle of active (optical) wavefr@ampling. Active wavefront
sampling refers to the gathering of 3-dimensiod&)(information from a single lens
imaging system by measuring the depth, based omldéfecus of the primary optical
system. Three sensors capture the clinical sitadtimm different angles. With these 3
images, taken simultaneously, 3D surface patchepraduced in real time by means of
proprietary image processing algorithms using thmefocus and out-of-focus
information?#*4

According to the manufacturer, the high data redmeg that results from many
overlapping pictures, together with special imagecpssing algorithms, provides
excellent image quality and, consequently, highuemxy. However, not enough
scientific evidence is available to confirm thisextion.

Another benefit of using zirconia-based restoratias the ability to select different
finish line designs; currently, modified shouldexdachamfer finish lines are likely the
most populat:>*> 714448 owever, the results of studies that have evatlidke
influence of the finish line design on the margiaaaptation are conflicting; some

H ,39,49-52
)

authors have found statistically significant difleces among the whereas

others have ndft46:53-¢
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The purpose of this study was to evaluate the acguof the marginal adaptation of
zirconium dioxide copings by comparing the margigaps of copings made with a
CAD/CAM Chairside system (Lava C.0.S.) with thosada with CAD/CAM for
laboratory production (the Lava All-Ceramic Syste(BM ESPE). In addition, the
influence of the type of finish line on the mardifiawas studied.

The first null hypothesis was that no differenceuldobe found in the marginal fit of
zirconium dioxide copings fabricated with the CABM chairside system and the
CAD/CAM for laboratory production. A second nullgothesis was that no difference
would be found in the marginal fit of zirconium gide copings in preparations with
different finish line designs.

MATERIAL AND METHODS

A pilot study was conducted to determine the sanse required to achieve 80%
power and 5% significance. The sample size to iffedifferences in the marginal
discrepancy obtained with the LCOS system and tBe slystem was calculated,
establishing a 2-sided alpha of .05 with a powe8@¥o (beta .20) to detect difference
between groups of 30 um in the marginal openingseBaon this sample size, 40
extracted human molar teeth without caries or an&talefects were included. Teeth
were obtained by following the guidelines of thecdb human research ethics
committee. All teeth, which were comparable in swwere cleaned with an ultrasonic
scaler (Various 350 NSK; Nakanishi) and stored @olformaldehyde solution until
they were used for the study. The teeth were rahddivided into 2 groups of 20 teeth
for each CAD/CAM system: Group LS represented theal All-Ceramic System and
Group LCOS represented the intraoral scanner, L@v@.S. The teeth were then
mounted in a block of autopolymerizing resin (Niong; MDC Dental), prepared to

receive ceramic crowns, and subdivided into 2 gsdoypfinish line design: one group
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received a 1 mm wide 90 degree round shoulder (&8),the other received a 1 mm
wide 45 degree chamfer (Ch). The instruments usethe round shoulder finish lines
were flat-end tapered diamond rotary instrumentagAnodified shoulder No. 847KR
Axis Dental, Kerr Corp) and for the chamfer finigies torpedo-shaped diamond rotary
instruments (Axis No. 879K, Kerr Corp).

All preparations had an anatomic occlusal reductidn2 mm, a 6 degree axial
convergenceobtained with the taper of the diamond burs andclobe with a
parallelometer (Bio Art), an axial reduction of Xd@1.5 mm, and a finish line located
0.5 mm above the cementoenamel junction. The saosthodontist prepared all of the
specimens, which were then approved by anotheriexped prosthodontist.

For Group LS, impressions of each tooth were madh & polyether impression
material (Impregum Penta medium and Impregum s@iff; ESPE). A light body
impression material was injected around the tooparations, and the teeth were then
inserted into custom made trays filled with regidady material. After the impression,
the prepared teeth were stored again in a freshfb@¥%aldehyde solution. Master dies
were fabricated with Type IV dental stone (ElitecRd-ast; Zhermack) prepared with
an automatic vacuum mixer, according to the prapastindicated by the manufacturer.
After fabrication, all casts were sent to an autteat Lava center for production of the
zirconium copings (Fig. 1).

In Group LCOS, human molar teeth were mounted tiypbdonts. In each typodont, 4
molars were adapted, simulating the position offiret molar in each quadrant. The
typodonts were adapted to a dental simulator (Ejgand a thin dusting of titanium
dioxide powder was applied to facilitate the scagrof the preparation and of the rest
of the arch. The scans were individually checked dompleteness before their

acceptance. A laboratory prescription was complétedhe system, and the files were
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sent electronically to the authorized Lava cengdter the digital impressions, the
prepared teeth were stored again in a fresh 10Praiolehyde solution.

For both groups, all copings were designed adcgrdb the manufacturer's
instructions, and all had the same characterisidd5 mm wall thickness, a 0.35 mm
reinforcement of the restoration edge, and a 0.02 space for cement, which was
initiated at a distance of 1.2 mm from the copifigh@ margin and increased to 0.05
mm at a distance of 2.3 mm from the margin of thgireg. For all preparations the limit
of the finish line was determined automatically the design software (Lava Design
System 3M ESPE). The copings were milled with ai8-&NC 500 milling machine
(3M ESPE).

Evaluation of Marginal Adaptation

The copings were placed on their correspondinghteeid fixed with a “C” clamp
(Truper). The margins of each coping were initiaglyaluated with a dental explorer
(EXD 11/12; Hu-Friedy) and 2.5x power magnificatitoupes (Task Vision) and
clinically acceptable marginal adaptation was foumdll copingswithout the need for
any internal adjustment. Then, the marginal dismepes of all specimens were
evaluated with a stereomicroscope (EZ4D; Leica)andupled digital camera. Finally,
the marginal discrepancy was measured with imagéy/sis software (Image-Pro Plus,
version 6.0.0.260; Media Cybernetics).

Measurements

To determine the marginal adaptation, the critepiooposed by Holmes et alwho
defined the vertical marginal opening (VMO) as di&tance from the edge of the crown
to the edge of the finish line preparation wasdelkd. The measurements of the
marginal gaps were made at 5 equidistant pointsawh of the 4 axial walls for a total

of 20 marginal adaptation evaluation sites for eamting (Fig. 3).
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Statistical analysis

After measuring the data obtained from the phofalggawere statistically analyzed
(SPSS 15.0 for Windows; SPSS); a correlation arsalygh 2-way analysis of variance
(ANOVA) at .05 significance levels was used to d@iee any difference in marginal
adaptation for zirconia copings made with the LAWaCeramic System and with the
Lava C.0.S. and also to identify the influence té finish line design on marginal
adaptation.

Additionally, repeated-measures ANOVA was usedotmgare the 20 measurements on
each specimen.

RESULTS

Table | shows the mean of the marginal gaps or V(d®), standard deviation (um),
and misfit statistical comparison of the CAD/CAMs8mMs and the finish lines.

The results showed significant differences in maabigaps with the CAD/CAM
technique and finish lind?.05); however, no statistically significant diffeaes were
found for the interaction between the CAD/CAM teicjue and finish line (Table
II).The mean of the marginal gaps was significaihdhyer (P<.001) for Group LCOS
(14.99 um for round shoulder and 18.46 pum for cleaufihish line) than for Group LS
(52.67 um for round shoulder a6d.07 um for chamfer finish line) (Fig. 4). Wher th
influence of the finish line was compared, only Ged_S exhibited a difference in the
mean marginal gap; the mean gap observed in thedrgboulder preparations was
statistically lower (52.67 um) than that in the mifier preparations (64.07 pum)
(P=.011).

No significant correlation was found in the margirgening values of the 2
CAD/CAM systems with the finish linéd?6.05). The value of the Pearson r (.028 to .35)

indicated very weak to weak relationship.
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Table Il shows the means and standard deviatidnaireed with repeated measures
ANOVA on each axial face of the teeth of each gro8mtistically significant
differences were found?€.05) with exception of the group LCOS with roundglaer
finish line (P>.05).

DISCUSSION

The results of the present study support the tiejeaif the first null hypothesis. The
measurements of the marginal misfit of the zirconidioxide copings made with the
Lava C.O.S. were significantly lower than the meadumisfit of copings made with the
Lava All-Ceramic System. The second null hypothess rejected only in Group LS,
where the finish line had influence; nevertheldiss,results do not support rejection for
Group LCOS.

Recent studies have reported marginal discreparcie€AD/CAM restorations that
range from 24 to 110 pm->?! This range agrees with this study’s findings foou
LS, in which the means were 52.67 for round shaudael 65.07 um for chamfer finish
lines. However, Group LCOS displayed better resuligh marginal discrepancies
below 19 um (14.99 um RS and 18.46 um Ch). Thelsesare similar to the marginal
gaps found by other authors for noble metal casorations:>*

The differences in the mean marginal gap valuesdsat the 2 groups of copings could
be the result of the multiple steps (clinical aatidratory) required during impression
procedures, the manufacture of the master diegpatite adaptation of the restorations
to the models. A recent study has shown that plodéreimpression material exhibits a
1.49% dimensional changéwhereas another study evaluated Type IV dentaksamd
revealed a liner expansion between 0.06% and &*8f@accuracy is always present
from the first steps of the process until completaf the definitive restoration. The

main disadvantage of stone dies is their poor tasig to abrasioff;*>which can make
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it difficult to determine how the master die canabered during laboratory procedures.
However, the imprecision of the master die coulddpce a greater inaccuracy in the
restoration.

In contrast, a recent stuyindicated that the accuracy of scanners was bet@éend
40 um, and the percentage error as linear heigbtoabculated to range from 0.5 to
1.33%. The same study showed that these systemdatal marginal gaps between 18
and 32 um, similar to the range found in this redeéor Group LCOS.

Another recent stud shows marginal discrepancies of 14 um for zircdméesed
crowns with the Everest CAD/CAM system (Kavo) fabbratory production. Their
results are similar to the present study for th@©B8Cgroup, although this investigation
tested restorations on natural teeth, unlike Haetzf* who used a stainless steel die.
They also found that the CAD/CAM system used sigaiitly influenced the marginal
fit of zirconia based crowns, since restorationsafiactured with the CEREC system
(Sirona) showed significantly higher marginal opgs (86 um) than restorations made
with Everest CAD/CAM system. The authors claimedtthhese results can be
explained by the difference in the scanning procass the difference between the
milling machines. In the present study, the millimgchine used was the same for all
groups, and while the scanner was different, adtegrdo the manufacturer, the
precision was similar.

Grenade et &t found marginal gaps between 51 and 81 pm with @XM systems
for laboratory production (Procera; Nobel Biocared &Ceramill; Amann Girrbach).
These results are similar to those found in thegmrestudy for the LS group.

Rinke et & also studied the effect on the marginal adaptatiomirconia copings by
using 2 different laboratory CAD/CAM systems: theer€@n eye (EYE) scanner

(DeguDent) and the 3Shape D-700 scanner (DeguD&hgy also tested 2 different
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milling machines, one for laboratory production dahd other in a centralized milling
unit. Each system used proprietary design softwEine.results obtained (54 to 71 pum)
were comparable with those found in the presemlysivith the LS group; however, the
LCOS group showed smaller marginal openings.

In another recent study by, Alghazzawi et’ajmilar results to the LS group were also
found with the CEREC in Lab system (Sirona). Thmegults ranged between 47 and 56
pum.

When the marginal adaptation of zirconia based pswvas tested in vivD,
statistically significant differences were not fouonompared to noble alloy ceramic
crowns, and the results (33 to 36 um) showed makgipenings smaller than the LS
group but greater than the LCOS group. This rebetmsted the systems Echo (Sweden
& Martina SPA) and Zirite (Keramo S.pA) both fobtaatory production.

The finish line design influenced the marginalifitGroup LS, which used CAD/CAM
for laboratory production, but not in Group LCOSheBe contrasting results are also

found in the literaturé/*44>4%

495256 Although some authors found  significant
differences when evaluating the influence of theish line design on marginal
adaptatiort;”*>*°*2 others did not**®>**®This could be explained by the different
methods used to evaluate the marginal fit and/erdifferent techniques and materials
used to make the restorations.

Comlekoglu et &f found statistically significant differences whenakating the
marginal adaptation of zirconia ceramic crowns meparations with different finish
lines. Feather-edge preparations showed the bagtatn, with a mean misfit of 87
+10 um, followed by the mini-chamfer (114 +11 urie shoulder (114 £16 um), and

the chamfer (144 +14 um). These results contrast thbose found in this study and can

be explained by the difference in the system usedanufacture the restorations. While
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they used a copy-milled system (Zirconzahn), thes@nt study used 2 CAD/CAM
systems.

Tsitrou et &° did not find significant differences in the marginfit between
preparations with a shoulder finish line (91 +22)um chamfer (94 +27 um), and a
bevel (105 +34 um); however, they did not meashesmarginal discrepancy directly
from the tooth to the restoration edge. Insteagly thhsed the replica technique to obtain
models that were used for the measurements. Margaps in that study were greater
than those found in the present study; this coel@Xplained by the fact that they used
composite resin material, as opposed to zircomd,the results of milling could have
been different.

In this study, for Group LS, the observed differeiic the marginal fit of the copings
between preparations with rounded shoulders andnfeia might be due to the
adjustment of the zirconium copings in the master during zirconium coping design,
the manufacturer thickens the margin to prevenedalsfin this area during milling.
This reinforcement is then partially retrieved bsing 30 um particle-sized diamond
rotary instruments on the master cast die durimgatijustment process at the dental
laboratory. This retrieval may be more difficult gerform when the finish line is a 45
degree chamfer, and wear of the master die carr a@ecing manual milling. In Group
LCOS, the procedures were the same, but the madies were different;
stereolithographic models with more abrasion rass¢ were used in this technique.
Therefore, for both systems, the use of a laboyatocroscope is recommended during
the removal of the margin reinforcement.

The versatility of zirconia with different finishne designs makes more conservative
preparations possible. The effect of the type oish line on the failure load and the

fractography of zirconium copings were studied lgycR et al'’ who found that knife-
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edge preparations had a significantly higher rast (1110 £175 N for 0.5 mm of
thickness and 730 +160 N for 0.3 mm of thicknessntchamfer preparations (697
+126 N for 0.5 mm of thickness and 455 £79 N fd8 @hm of thickness). Another
study”® evaluated the fatigue and fracture resistancerobma crowns with different
finish line designs: No significant differences wdound, as the results were 728.9 N
for a complete narrow chamfer, 721.9 N for a narahamfer with lingual ledge, and
745.1 N for a complete ledge. Together, these tegluistrate the superior properties of
zirconia restorations, regardless of the desigh@finishing line.

The marginal fit in this study was evaluated withlyozirconium copings since other
studie$***®had shown no significant differences with this enial after ceramic firing
cycles. However, future investigations are needeglvaluate the marginal adaptation of
anatomic contour zirconia restorations.

Although this in vitro study attempted to simulaténical conditions, the findings
cannot be extrapolated to actual clinical situation

CONCLUSIONS

Within the limitations of this study, the followirgpnclusions can be drawn:

1. The measurements of vertical marginal openingsziimonium copings made
with a CAD/CAM system for chairside production weignificantly lower than
measurements for restorations made with a CAD/CA#stesn for laboratory
production.

2. The finish line design influenced the marginalditzirconium copings when a
CAD/CAM system for laboratory production was usddwever, when a
chairside CAD/CAM system was used, the finish ldesign did not influence

fit.
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3. The mean marginal fit of zirconium copings madehvatchairside CAD/CAM
system (Lava C.0O.S.) is comparable with the meangima fit of crowns

fabricated with gold or other noble metals.
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Table I. Means of marginal discrepancies (um) afanium dioxide
copings andP values

LS LCOS P
CAD/CAM
FINISH LINE
CHAMFER 64.07 £5.83 18.46 +4.49 <.001
ROUND SHOULDER 52.67 £10.93 14.99 £5.20 <.001
P 0.011 0.74
Significant atP<.05
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Table Il. Results of correlation analysis for etfeE CAD/CAM technique,

finish line design, and their interactions on mearginal gap.

Source of variation ~ Sum of df Mean F P
Squares Square

Corrected model 18053.3033 6017.768 119.893<.001

Finish line design 552.792 1 552.792 11.013 .002

CAD/CAM techniqgue 17343.060 1 17343.06845.528 <.001

Finish line design x  157.450 1 157.450 3.137 .085

CAD/CAM technique

Error 1806.946 36 50.193

Total 76245.329 40

Corrected total 19860.248 39

a. R Squared =.909 (Corrected R squared = .901)

8()| RAUL IRAM EUAN SAL2AR



Evaluacion del ajuste marginal de coronas de zirconio fabricadas con dos sistemas CAD-CAM | 2014

Table Ill. Mean (um) * standard deviation (um) loé ineasurements of

marginal gaps made at 5 equidistant points on ebdlaxial walls for each

group.

Repeated-measures ANOVA

BUCCAL
MESIAL
LINGUAL
DISTAL

Lava C.0.S LavaC.0.S. LS Ch LS Sh

Ch Sh

17.16 +£7.33 13.92+5.87 60.12 +17.249.69 +18.03
23.88 £19.16 16.06 £7.38 72.80 +21.9/63.06 +34.82
16.37 +6.06 17.82 £15.1761.73 £25.30 42.47 +21.13
16.42 +7.99 15.34 +6.34 61.88 +20.586.57 +39.72

Lava C.0.S. Ch = Lava Chairside Oral Scanner vatmdfer finish line
Lava C.0.S. Sh = Lava Chairside Oral Scanner roitimd shoulder finish

line

LS Ch = Lava All-Ceramic System with chamfer finiste.

LS Sh = Lava All-Ceramic System with round shoulfileish line.
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LEGENDS
Fig. 1. Digitalized master dies produced with L®&sign System.

Fig. 2. Scanning of 3.6 with Lava C.O.S. Four firgilars were scanned in

each typodont.
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Fig. 3. Measurements of marginal discrepancie€#gmfer Group, Lava
C.0.S.; B, Round Shoulder Group, Lava C.0O.S.; Grfier Group, Lava
System; and D, Round Shoulder Group Lava System.
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Fig. 4. Comparison of specimens made with laboyatoanner and with

chairside intraoral scanner in preparations witfetgnt finish line designs.
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El presente trabajo tiene como objetivo evaluaroyngarar el ajuste marginal de
coronas con base de zirconio fabricadas a partimdeelos obtenidos por medio de
impresiones convencionales con elastdmeros, esa&sbepoliéter, con las obtenidas por
medio de impresiones digitales utilizando un CADKCAlinico. Ademas de esto, se
evalud la influencia en el ajuste marginal del idisele la linea de terminacion, los
ciclos de coccion de la ceramica y el proceso deeotado. Un correcto ajuste
marginal, sabemos es un prerrequisito para la lodgé de restauraciones en proétesis

fija.

6.1 DISCUSION DE LA METODOLOGIA

Dientes naturales o troqueles maquinados

Se utilizaron dientes naturales humanos extraidwsnpcesidades terapéuticas, que
fueron preparados por un mismo operador. Otra aplidiese sido la utilizacién de
troqueles de acero maquinados, como han hechocasguutoresss.ss 59,72)l0s cuales
emplearon troqueles de acero maquinados. Esto raulgermitido una muestra
totalmente estandarizada y lineas de terminacidieqias. Sin embargo, esto no es lo
que sucede en circunstancias clinicas, donde laonieh operador dificilmente
conseguira margenes tan precisos y homogéneos eons troqueles mecanizados.
Por lo anteriormente expuesto, decidimos evaluaragiste marginal de las
restauraciones en preparaciones de dientes natucal@prendiendo el riesgo de tener
cierto grado de variabilidad en ellas y tomand@a estmo una ventaja, pues estamos

convencidos que los resultados nos acercan ma=alidad clinica.

Otros autoreg s 7atambién han seguido el mismo criterio que el presestudio, y han
disefiados sus investigaciones en muestras compukesthentes extraidos.

Discusion de los resultados al comparar el ajuste arginal con los dos sistemas
CAD/CAM

Se plantearon varios objetivos, el primero conacexisten diferencias en la precision
del ajuste marginal entre coronas fabricadas ar mhatimpresiones convencionales y

otras fabricadas a partir de impresiones digitdbsnalisis estadistico de ANOVA de
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2 vias mostro que efectivamente si existian difdasnestadisticamente significativas

entre los dos grupos <F5).

En la literatura son escasos los estudios que aempal ajuste marginal de
restauraciones con CAD/CAM de laboratorio concglseguido usando un CAD/CAM
clinico. Sin embargo, podemos comparar nuestragtael®s con los obtenidos en otras

investigaciones en donde se usaron sistemas dalabo o clinicos por separado.

Por ejemplo, Bauer y colgg evaluaron tres sistemas CAD/CAM de laboratorio y
encontraron discrepancias marginales entre 29yn82resultados comparables con los

encontrados en el presente estudio para el sidtawaAll Ceramic System.

Por otro lado, Nakamura y colgs) usaron impresiones digitales para evaluar el ejust
marginal de coronas ceramicas encontrando disargsaen un rango entre 53 y 108

Kum, solo que ellos usaron diferentes angulos deecgancia en las paredes axiales de
las preparaciones y diferentes medidas en el espaca el cemento, lo que explica la

marcada diferencia en sus resultados y ademas dificié la comparaciéon con los

nuestros.

Akbar y cols.z4) también evaluaron el ajuste marginal de restaomasi fabricadas a
partir de impresiones digitales, encontrando dmeias marginales superiores a las
encontradas en el presente estudio (46 um pararboy®b.9 um para chaflan). Cabe
sefalar que en su estudio se usaron un escanax frasadora diferentes (el sistema
CEREC 3) ademas de un material restaurador a leasssitha compuesta de Bis-GMA
y TEGDMA (Paradigm MZ100).

En nuestro estudio se utiliz6 una misma fresadara plaborar cada una de las coronas
que fueron evaluadas. En cuanto al escaner, segfms dle estudios internos
proporcionados por la comparfia 3M ESPE la precierdre el escaner de laboratorio y

el intraoral son muy parecidas.

Un estudiqrs) recientemente publicado también evalud la pretid&l ajuste marginal
entre restauraciones fabricadas a partir de ingaresi convencionales y digitales,
encontrando para las restauraciones hechas coresiopes digitales discrepancias
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marginales entre 30 y 48 um y para las fabricadasun escaner de laboratorio entre
33 y 68 um. En el, a diferencia con nuestro estudm autores utilizaron un modelo

mecanizado de un molar para fabricar todas lasuestiones.

Es importante remarcar que los resultados encargrawl el presente estudio (entre 14 y
19 um) son similares a los encontrados en estydigsg en los que se han evaluado
coronas de metales altamente nobles, considerad#s oy como ajold standarden

cuanto a ajuste marginal se refiere.

Un estudio recientgs) encuentra resultados similares a los de nuestumiesen el
grupo de impresiones digitales, so6lo que ellos aseh usando un CAD/CAM de
laboratorio. La explicacion a esto puede estarasnh@chos: el primero, que los autores
usaron un solo “diente” que fue un modelo de acaecanizado; y el segundo, que el
escaneo fue hecho directamente de este modeloen noo de yeso fabricado a partir

de impresiones convencionales.

De acuerdo a los resultados obtenidos en estei@stedacepta la hipotesis alternativa
sobre el ajuste marginal de los dos sistemas CARI@®Raluados.

Discusion de los resultados al comparar el ajuste arginal en los dos disefios de

linea de terminacion.

El efecto del disefio de la linea de terminacion sobstré diferencias estadisticamente
significativas (R.05) en el ajuste marginal de las coronas fabreada el CAD/ CAM
de laboratorio, no asi en el grupo de impresioniggatts usando un CAD/CAM

clinico.

La literatura s 3s,36,75,77,83-87ynuestra resultados que siguen sin ser concluyeates
respecto, por lo que pareciera que la variableefiisde linea de terminacién” es factor
importante solo con algunos materiales, en lo queaediere a coronas ceramicas
pareceria haber casi siempre una mejor adaptaciamgimal cuando la linea de
terminacion es hombro, aunque la diferencia no iemfue estadisticamente

significativa.
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La explicacién a las diferencias encontradas agrigdo de CAD/CAM de laboratorio
podrian ser consecuencia del proceso donde s& eétiefuerzo en el margen del ndcleo
de zirconio, esto se hace a mano y es facil qudgbaber un desajuste del dado de
trabajo que puede pasar inadvertido. En el grup€AB/CAM clinico este paso es
hecho usando modelos de esterolitografia que sarreséstentes y faciles de distinguir

para el técnico protésico.

Ante la evidencia cientificgs 36 59,60,73,74flU€ refrenda la precision de las restauraciones
de zirconio, no deja de ser importante remarcarocona ventaja de este material el que
la linea de terminacion puede ser disefiada coraomia veriedad, desde un filo de

cuchillo (0.3 mm) hasta un hombro (1.0 mm)

De acuerdo a los resultados obtenidos respecfastEanarginal en los dos disefios de
linea de terminacion, se acepta la hipétesis altisan para las coronas fabricadas con
el CAD/ CAM de laboratorio y se rechaza para lasowas procedentes de de

impresiones digitales usando un CAD/CAM clinico.

Discusion de los resultados al comparar el ajustearginal después de los ciclos de

coccion de la ceramica.

En relacién al efecto de los ciclos de coccién aledramica de recubrimiento en el
ajuste marginal de nacleos de zirconio, estos m@ron efecto en preparaciones con

hombro redondeado, pero si lo tuvieron en el gdgbneas en chaflan.

Los resultados contrastan con los encontradostpos autoresgss s7) aunque el chaflan
disefiado por ellos en sus preparaciones tenianguaagion mayor a 45°, esto nos hace
suponer que el margen del nucleo es mas delgadaleua linea de terminacion tiene
un angulo menor y este puede ser mas propensocoen@&Eion durante los ciclos de

coccion.

@ilo y cols. s estudiaron la influencia de los ciclos de cocdéria ceramica en barras
de zirconio de 1.2mm x 4mm x 20mm y no encontratiberencias estadisticamente
significativas en los patrones de fractura, dim@amss o rugosidad de la superficie.
Estos hallazgos indican que las multiples cocciaeeda cerdmica necesarias en el
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proceso de fabricacion de una corona tienen unnmoiini nulo efecto sobre el zirconio.
Sin embargo, algunos estudios han mostrado un degy@én acelerada cuando el

zirconio es sometido a bajas temperatyas,)

Los resultados de nuestro estudio muestran elcefectediato del tratamiento térmico
al que se somete el zirconio durante la colocad@la ceramica de recubrimiento en el
ajuste marginal. Por las limitantes de esto, seesai@studiar sus efectos a largo plazo

no solo en el ajuste marginal, sino también eestbrde sus propiedades mecanicas.

De acuerdo a los resultados obtenidos respecfosteamarginal después de los ciclos
de coccion de la ceramica, se acepta la hipotésisativa para el grupo de linea de

terminacién en chaflan, pero se rechaza para pbgita linea en hombro.

Discusion de los resultados al comparar el ajustearginal post-cementado

Es sabido que los agentes cementantes, asi cgmnaceso de cementado en si, pueden
afectar el asentamiento correcto de una protesi®ryende, su ajuste marging, o1)

En las restauraciones hechas con CAD/CAM es posdaetrolar de manera
estandarizada el espacio para el cemento, en @ldeakos especimenes de la presente
investigacion se hizo a 20 um que es el grosor maxie cemento recomendada por la

Asociacion Dental Americana.

Los resultados de este trabajo de investigacionstrare que el cementado de las
coronas con base de zirconio usando cemento deyem afectd significativamente el

ajuste marginal en ninguno de los grupos estudiados

Estos resultados son consistentes con los encosteadotros estudi@s,go,91y Por otro
lado, algunos estudiqs:.gsy muestran como cementos a base de ionomero de,vidri
policarboxilato o fosfato de zinc pueden producirsciepancias marginales
significativamente mayores, afectando negativamehtajuste marginal, esto puede
explicarse por las diferentes viscosidades questidos cementos utilizados, siendo

mas favorable esta caracteristica en los cemeriiaseade resina.
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De acuerdo a los resultados obtenidos respectpusteamarginal post-cementado, se

acepta la hipotesis alternativa.

Aplicaciones clinicas

Sabiendo que el ajuste marginal es uno de los pumiticos para el éxito a largo plazo
de las restauraciones de protesis fija, los redndtade la presente investigacion
demuestran que la precisién del ajuste marginatigpeer mejor cuando se realizan

impresiones digitales con un escaner intraoral
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CONCLUSIONES:

1. El ajuste marginal de coronas de zirconio se vetad@ por el tipo de impresion
usado para obtener los modelos de trabajo (conwamci o digital),
encontrandose las discrepancias mas pequefias eneslescimenes de
impresiones digitales usando un CAD/CAM intraoral.

2. Las preparaciones con linea de terminacion de hmmdmtondeado mostraron
mejor ajuste marginal que las preparaciones coftachimdependientemente del
sistema CAD/CAM utilizado, aunque solo se encootrardiferencias
significativas en el grupo de CAD/CAM de laboratori

3. Los efectos de coccién de la ceramica y el glaseaolotuvieron efecto
significativo en el grupo confeccionado a partirim@resiones digitales usando
un CAD/CAM clinico, no asi en el grupo donde seraisaimpresiones
convencionales y un CAD/CAM de laboratorio con loalc se afecto
significativamente al subgrupo de lineas de teroidmaen chaflan.

4. El cemento de resina no influye en el ajuste matgia coronas de zirconio.

5. El ajuste marginal de coronas de zirconio usandcesganer intraoral para
obtener impresiones digitales es similar al enemlairen otros estudios donde se

estudiaron coronas fabricadas con metales altamebtes.
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Desde siempre, el ajuste marginal de las restaur@gien protesis fija ha sido motivo
de estudio. Tanto la odontologia como los mateyidéntales se mantienen en constante

evolucion por lo que se estima conveniente manfarigrea de investigacion.

La evaluacion de nuevos materiales como la resamageramica (Lava Ultimate, 3M
ESPE y Enamic, Vita) y el silicato de litio refodracon didxido de zirconio (Suprinity,
Vita y Celtra, Dentsply) es necesaria para valida bondades referidas por sus
fabricantes. Disefar y realizar estudios clinicageylaboratorio brindaréa informacion

valiosa para la comodidad odontologica.

Por otra parte, una de las corrientes mas en hoda edontologia actual consiste en
desarrollar técnicas més conservadoras buscandellcoabtener una mejor respuesta
biologica. Tal es el caso, de la técnica de prep@amaorientada biologicamente
propuesta por Loi y Di Felice. Esta técnica seaar&a por la ausencia de una linea de
terminacién bien definida, que aumenta la estailidel margen gingival a lo largo del
tiempo. Sin embargo, son muy escasos los estudiedeqdan soporte cientifico, por
este motivo seria util realizar un estudio que nealel ajuste marginal de las
restauraciones cuando se emplea esta técnica ebinamidn con la tecnologia
CAD/CAM.
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Abstract

Purpose: The aim of this study was to determineitio the marginal fit of zirconium
dioxide copings before and after porcelain firingcles and cementation, also the
influence of the finish line design was evaluated.

Materials and Methods: Twenty human molar teethewsepared to receive complete-
coverage crowns; ten were prepared with a roundlgboand another ten with chamfer
finish line. Digital impressions were taken andcaitium dioxide copings were
fabricated using CAD/CAM technology. They were themeered with a low-fusing
glass-ceramic, glazed and cemented with resin-ceitgp@ement. Stereomicroscopy
and an image-analysis program were used to me#sigap in each stage. The results
were subjected to statistical analysis a Studentest for separated samples to assess
the influence of the finish line design; and 2-weyOVA with repeated measurements
and Scheffe test were performed to assess theeimd&ion marginal fit of the porcelain
firing cycles, glaze firing cycle and cementation.

Results: No significant differences were observetiveen finish line designs in the
marginal fit of zirconium dioxide copings neithdtea porcelain firing cycles; however,
significant differences were notice after glaze aedhentation.

Conclusion: Marginal fit was affected by glaze rfgi cycle and cementation in
preparations with chamfer finish line. The margigalps were lower in preparations
with round shoulder, although all measurements weithin the range of clinical

acceptability.
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Today, with the development of new materials ang technologies is very common

the use of all-ceramic crowns in the posterior segas well as the anterior region
because of their excellent esthetics propertiesttaeid reliable interaction with gingival

tissues and biocompatibility. 1-3 These restoratioan be fabricated with a variety of
systems.4-8 In order to achieve the necessarygslrén resist the forces of mastication
is common to employs a high-strength ceramic itfuature, such is the case of
zirconia-based ceramics, which has shown excellechanical properties in

combination with CAD/CAM techniques.9 However, timechanical properties of the
restorative material are not the only aspects twicker for long term success; marginal
fit, is one of the most important clinical issues fongevity and success in prosthetic

dentistry.3,5,10

A marginal gap ranging from 10 to 500 um have baescribed in the literature, and
mean values from 50 to 100 um has been definedaeptable.11 Marginal openings
oscillating from 50 to 120 um are considered chiic acceptable in terms of
longevity.12,13 For CAD/CAM restorations, the gealgr acceptable marginal gap

discrepancies are between 50 and 100 pum.10,14-17

Chairside Oral Scanner system (Lava C.0.S.) (SMES® Paul, Minn.) is an intraoral
scanner based on the principle of active (optis@yefront sampling. Active wavefront
sampling refers to the gathering of three-dimerai@dBD) information from a single
lens imaging system by measuring the depth, baseth® defocus of the primary

optical system. Three sensors capture the clisitahtion from different angles. With
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these 3 images, taken simultaneously, 3D surfatzh@s are produced in real time by
means of proprietary image processing algorithnssnguthe in-focus and out-focus

information.18,19

According to the manufacturer, the high data redmeg that results from many
overlapping pictures, together with special imagecgssing algorithms, warrants
excellent image quality and, consequently, greati@cy. However, there is not enough

scientific evidence to confirm this assertion.

The purpose of this study was to evaluate the etfethe finish line design, porcelain
veneering, glaze, and cementation procedure inimarfit of zirconia-based crowns.
The hypotheses to be tested were as follows: @)fitish line design significantly
affects the marginal adaptation of zirconia-basedvos (2) the porcelain firing cycles
and glaze cycles do not affect the marginal adeyptaif zirconia-based crowns and (3)
the cementation procedure with resin composite oérdees not affect the marginal

adaptation of zirconia-based crowns.

Material and Methods

Twenty extracted human molar teeth relatively comaple in size, with no caries or
anatomical defects were used in this study. Tee#tewobtained following the
guidelines of the local human research ethics cdteei Specimens were cleaned and
stored in 10% formaldehyde solution until they weised for the study. Once the
sample was collected teeth were randomly divideéd iwo groups of ten each, group

RS for round shoulder and group Ch for chamfesfidine design.

119| RAUL IRAM EUAN SAL2AR



Evaluacion del ajuste marginal de coronas de zirconio fabricadas con dos sistemas CAD-CAM | 2014

Specimens were mounted in 5 typodonts. In eachdiypo 4 molars were adapted,
simulating the position of the first molar in eagbhadrant (Fig 1). Typodonts were
adapted to a dental simulator, and preparation® werformed with the following

characteristics in common: anatomic oclusal redactof 2 mm, 6 degrees axial
convergence, axial reduction of 1.0 to 1.5 mm ariithiah line located 0.5 mm above
the enamel-cementum junction limit. The finish liloe teeth in group RS was a 1 mm
wide 90 degrees round shoulder. Flat end taperachahd rotary instruments burs
(Axis ® modified shoulder No. 847KR) were used.gioup Ch, the finish line was 1
mm wide, and 45 degrees chamfer and torpedo-stdipetbnd rotary instruments were
used (Axis® No. 879K). All preparations were madetbe same prosthodontist and
these were reviewed to verify that they had raibedcharacteristics for the study by

other experienced prosthodontist.

To prepare the typodonts for digital impressionghia dusting of titanium dioxide
powder was applied to facilitate the scanning &f pineparation and of the rest of the
arch. The scans were made by the same prosthadantisthen individually checked
for completeness by other one before their acceptéihig 2A-E). A lab prescription
was completed for the system, and the cases wateektronically to the authorized

Lava milling center.

The zirconia copings were designed to the follommgnufacturer's instructions and
with the following characteristics in common: 0.5nmwall thickness, a 0.35 mm

reinforcement of the restoration edge and a 0.02space for cement that was initiated
at a distance of 1.2 mm from the coping of the nmagmd increased to 0.05 mm at a

distance of 2.3 mm from the margin of the copinigy & ).
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Evaluation of Marginal Fit

Copings and crowns were placed on their teeth adl fwith a “C” clamp (Truper,
Jilotepec, México) and the margins of each copimdy@own, in each stage were firstly
evaluated using clinical criteria with a dental lexer (EXD 11/12, Hu-Friedy Chicago,
lIll.) and magnification loupes with a power of 2.5kask Vision, Cherry Hill, NJ)
finding clinically acceptable marginal adaptationeach case without the requirement
for any adjustment.. The marginal adaptation was tissessed for all specimens with a
stereomicroscope (Leica® EZ4D) and a coupled digimmera (Fig 3). Finally,
marginal discrepancy was measured with image aisabaftware (Image-Pro® Plus

version 6.0.0.260 Copyright© 1993-2006 Media Cykéns, Inc.).

To measure the marginal gaps, we used the critggtoposed by Holmes et al.20,
which describes the vertical marginal opening (VM£)the distance from the edge of

the crown to the edge of the finish line preparatio

Measurements of marginal gaps were made at fivelistgnt points on each of the four
axial walls for a total of twenty marginal adapdatievaluation sites for each coping
(Fig 4A). All copings were returned to the dentdratory to veneer them with a low-
fusing nano-fluorapatite glass-ceramic (IPS e.m&&am, Ivoclar Vivadent®). After
veneering, measurements of marginal gaps were &dj&in (Fig 4B). The crowns were
then glazed using IPS e.max® Ceram Glaze (lvoclaradent®) and marginal
discrepancy was determined again (Fig 4C). Finalpwns were cemented on the
prepared teeth using resin composite cement (RelyXiltem Aplicap™). Trying to

simulate clinical circumstances, finger pressure watially applied for two minutes,
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excess cement was removed, and pressure was applaa for an additional three
minutes. In this study did not use any device totmd the force applied during
cementation, was just the same prosthodontist venoeated all the crowns. However,
the prosthodontist was previously calibrated, penfog pressure tests with their fingers
and taking measure of the force applied using aohgmeter model BE-21 with an S-
type load cell (Poise® Monterrey, N.L. México) foronitoring force, and in twenty
tests, the force always exceeded 4.5 kg, but nexezeding 8 kg. It has already been
demonstrated that marginal adaptation is not imgulowvith a seating force in excess of
the 5 Kg. 21,22 The marginal interface was findilyished with Jiffy composite
polishing brushes and diamond paste (Ultradent@erAhe cementation process, all

marginal discrepancy measurements were repeatgdhi

Statistical analysis

The data obtained from the photographs with thegemanalysis software were
statistically analyzed with the SPSS software pgek&PSS 15.0 for Windows; SPSS,
Inc, Chicago, Ill.); the normality and variance hmyeneities of all specimens
measurements were confirmed by Kolmogorov-Smirnay lzevene tests, respectively.
Therefore, 2-way ANOVA with repeated measurement®% significance levels was
used to study the effects of the ceramic firingleycthe glaze firing cycles and the
cementation process on the marginal fit of zircam@vns in both groups (RS and Ch).
When significant differences were present, a migltgmparison test was performed
using Scheffe’s method.

Therefore, Student’s t test for separated sampéessused at each stage to determine

any difference in the marginal fit dictated by tiipe of finish line design.
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Results

Tables 1 and 2 shows the results in microns foaRECh groups respectably. Figure 5
reports the measurement score of marginal gaps zimonia-based crowns in
preparations with two different finish lines desigRS and Ch) at each stage of
manufacture (coping, after ceramic veneering anazejl and after cementation
procedures.

Although comparison of the measurements of margjapk of zirconia copings neither
after porcelain firing cycles not show statistigalignificant differences ¢P05)
between the two finish line designs; when compaaétdr glazed cycle and after
cementing procedure statistically significant diéieces were found (F05).

The effect of porcelain firing cycles, glazed ahd tementing procedure in the group
with rounded shoulder finish line were not showatistically significant differences
(P>.05); but in the group with chamfer finish line design statistically significant

differences were found (F05).

Discussion

Marginal adaptation is one of the most importanpeats in quality of fixed
prosthodontics. 3,5,10 The marginal fit of ceragnowns has been widely studied, but
the results show great variation within differegstems.10,14,23,24 The Lava C.O.S.
uses active wavefront sampling to obtain a 3D modfl&he dentition; it use a 3D video
system that captures twenty 3D frames per secohighvare registered real-time. After
the scanning procedure a post processing cycleeressary to recalculate the
registration and compensate for potential err@sulting in a high resolution model.19

For this reason, the Lava C.0.S system does natireeqnaking conventional
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impressions avoiding a possible inaccuracy or bty of the impression or model-

making material.

This in vitro study, attempted to simulate the iclih circumstances for making
impressions with intraoral scanner in preparatiwiib two different finish line designs,
round shoulder and chamfer. In addition, we evaliidihe effect of the porcelain firing

cycles, glaze cycles and cementation on the mdrgirsdit of crowns in both groups.

The results of this study show a correlation betwie variables, since no statistically
significant differences were found when comparihg targinal gaps between finish
lines in the stages of coping and after veneefirogyever, in chamfer group, copings
showed statistically higher marginal openings affleize cycle and after cementation
procedure; therefore, were also found statisticaifnificant differences in marginal

gaps between the two finish lines designs in thetsges. Consequently our first
alternative hypothesis is accepted. The secondthgpis is accepted for round shoulder
group; but rejected for chamfer group. And the dhirypothesis is accepted too,
whenever Scheffe test showed no difference betweestage of glaze and cementation

in both finish line designs.

In a previous study,10 the authors found highergmat gaps (between 50 and 77 pum)
in zirconia-based crowns using an in Lab CAD/CAMsteyn, where were scanned
master dies made from conventional impressiongyysiyether material. McLean and
von Fraunhofer25 considered restorations succesgfg@n they had marginal gaps
fewer than 120 um; while others authors, claimed tharginal discrepancies exceeding

100 um are clinically inadequate.26 Although theuhes obtained with the laboratory
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scanner were clinically acceptable,10 improvementshe marginal adaptation of

restorations are always of major clinical significe.

Other studies found marginal27-29 gaps in a rangsvden 80 and 161 um and
although most were clinically acceptable, are abersibly higher than those found in
this study; this great variation in the results banconfusing, but can be explained by
the different materials that were evaluated (alwmiroxide, leucite-reinforced ceramic
and lithium disilicate ceramic) and the differenamafacture techniques (Cast models
obtained from conventional impressions using in IGAD/CAM systems and hot-

pressed ceramic technique) used in each particata.

Although this study shows statistically significatifferences, the effect of the variables
in the marginal fit is so small (less than 3 puneathe glaze cycle, in chamfer group;
and between finish line design) that the authofiewe there is no clinically significant

difference.

Conclusions

Within the limitation of this study, the followingpnclusions were drawn:

. The accuracy of fit achieved by zirconia-baseolers using the Lava C.0.S
system was within the range of clinical acceptapili

. Marginal fit was influenced by the ceramic firimycles only after the glaze
cycle, exclusively affecting copings made for teetbpared with chamfer finish line.

. Differences in marginal fit between both finishd designs were noted only

after glaze cycle, finding correlations betweenalaes.
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. The use of resin cement had no significant efbecthe marginal fit in zirconia-

based crowns in any of the two finish line designs.
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Figure 1 Natural teeth mounted on typodonts takinegplace of the first molars
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Figure 3 Leica® EZ4D stereomicroscope and a cougigithl camera.

Figure 4 A) Measurements of the zirconia copingsettain Image-Pro®Plus; B)
Measurements after veneered with IPS e.max® Ceramlgasurements after glazed
with IPS e.max® Ceram Glaze, D) Measurements aiéenentation with Rely X™

Unicem Aplicap™.
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Figure 5 Means and confidence intervals of margyagis of zirconia-based crowns in

each stage of manufacture and after the cementotggure.

Table 1 Means, Standard Deviations (SD) and Standard Errors (SE) of
Marginal Vertical Openings for Round Shoulder Group (um).

Stages for RS Count
Group
Coping

Veneered
Glaze
Cemented

Differences were not statistically significant in this group (P>.05).

Table 2 Means, Standard Deviations (SD) and Standard Errors (SE) of
Marginal Vertical Openings for Chamfer Group (um).
Stage for Ch Count Mean (pm)
Group
Coping

Veneered
Glaze
Cemented

Statistically significant differences were found between the stages marked with the same letters (P<.05).
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ANEXO 3
Resultados CAD/CAM de laboratorio
Medidas (en micras) de los nticleos de zirconio:
LINEA DE
TERMINACION | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR
CH1 43.95 51.72 60.43 51.72 51.72
CH?2 34.48 34.48 34.48 34.48 41.1
CH3 45.26 51.72 77.58 60.34 60.34
CH4 94.82 77.58 77.58 77.58 86.2
CH5 86.63 68.96 68.96 77.58 68.96
CHG6 77.58 69.5 68.96 69.5 77.58
CH7 34.48 51.72 60.95 51.72 34.48
CHS8 60.34 51.72 51.72 77.58 34.48
CHO9 51.72 68.96 43.1 43.1 34.48
CH 10 52.43 51.72 68.96 68.96 51.72
LINEA DE
TERMINACION MESIAL MESIAL MESIAL MESIAL MESIAL
CH1 51.72 60.34 51.72 51.72 51.72
CH?2 86.2 120.62 112.06 77.58 60.34
CH3 78.06 86.2 78.06 103.44 112.06
CH4 51.72 77.58 60.34 60.34 60.34
CH5 34.48 43.1 34.48 51.72 43.1
CHG6 51.72 68.96 69.5 43.1 43.1
CH7 43.1 60.34 86.2 120.62 112.06
CHS8 51.72 51.72 43.1 51.72 52.43
CHO9 51.72 86.2 86.2 77.58 68.96
CH 10 77.58 77.58 70.26 70.26 94.82
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LINEA DE
TERMINACION | LINGUAL LINGUAL LINGUAL LINGUAL LINGUAL

CH1 43.1 60.34 60.34 51.72 43.1
CH?2 86.2 60.95 86.2 51.72 86.2
CH3 60.34 60.34 60.34 51.72 51.72
CH4 60.95 68.96 60.95 68.96 77.58
CH5 60.34 60.34 51.72 60.34 51.72
CH®6 43.1 43.1 43.1 34.48 43.1
CH7 68.96 86.2 77.58 60.34 51.72
CHS8 60.34 77.58 75.58 34.48 34.48
CH9 86.2 60.34 60.34 77.58 86.2
CH 10 86.63 60.95 86.2 60.95 86.2

LINEA DE

TERMINACION DISTAL DISTAL DISTAL DISTAL DISTAL

CH1 43.95 60.43 60.43 51.72 51.72
CH2 86.2 78.06 86.2 95.21 86.2
CH3 25.86 25.86 25.86 46.42 43.1
CH4 68.96 94.82 68.96 68.96 68.96
CH5 77.58 94.82 86.2 86.2 86.2
CHG6 34.48 34.48 51.72 68.96 51.72
CH7 94.82 94.82 103.8 103.8 112.06
CHS8 43.1 77.58 51.72 51.72 43.1
CH9 60.34 68.96 60.34 51.72 51.72
CH 10 43.1 86.2 68.97 34.48 43.1
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LINEA DE
TERMINACION | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR

H1 25.86 25.86 35.54 43.1 43.1
H2 34.48 25.86 34.48 51.72 51.72
H3 51.72 43.95 25.86 17.24 19.27
H4 60.34 34.48 35.54 43.1 25.86
H5 34.48 34.48 25.86 25.86 35.54
H6 25.86 25.86 25.86 25.86 60.34
H7 34.48 34.48 19.27 43.1 43.1
H8 43.1 51.72 51.72 51.72 43.1
H9 43.1 43.1 60.34 68.96 60.34
H 10 60.34 60.34 60.34 68.96 60.34

LINEA DE

TERMINACION MESIAL MESIAL MESIAL MESIAL MESIAL

H1 43.1 34.48 43.1 51.72 34.48
H2 60.34 94.82 86.2 94.82 77.58
H3 43.95 43.95 60.34 51.72 43.1
H4 43.1 51.72 34.48 43.1 43.1
H5 17.24 34.48 43.1 34.48 34.48
H6 25.86 34.48 34.48 34.48 34.48
H7 34.48 51.72 43.1 34.48 51.72
H8 94.82 94.82 77.58 77.58 77.58
H9 112.06 112.06 112.06 112.06 112.06
H 10 60.34 34.48 60.34 34.48 34.48
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LINEA DE

TERMINACION | LINGUAL LINGUAL LINGUAL LINGUAL LINGUAL
H1 27.26 25.86 25.86 25.86 43.1
H2 34.48 43.1 51.72 43.1 51.72
H3 43.1 43.1 25.86 34.48 34.48
H4 34.48 43.1 25.86 43.1 34.48
H5 34.48 17.24 25.86 34.48 34.48
H6 34.48 34.48 34.48 17.24 25.86
H7 25.86 25.86 25.86 25.86 25.86
H8 68.96 68.96 51.72 68.96 86.2
H9 112.06 112.06 86.2 77.58 43.1
H 10 60.34 60.34 77.58 77.58 77.58

LINEA DE

TERMINACION DISTAL DISTAL DISTAL DISTAL DISTAL
H1 34.48 34.48 34.48 31.08 31.08
H2 43.1 51.72 51.72 35.54 35.54
H3 43.1 25.86 25.86 35.54 43.1
H4 25.86 43.1 43.1 137.93 137.93
H5 43.1 60.34 51.72 51.72 51.72
H6 27.26 34.48 34.48 25.86 34.48
H7 34.48 34.48 43.1 43.1 34.48
H8 68.96 68.96 60.34 86.2 86.2
H9 25.86 34.48 34.48 43.1 43.1
H 10 68.96 51.72 51.72 77.58 77.58
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Medidas (en micras) de las restauraciones en la etapa de bizcocho:

LINEA DE
TERMINACION | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR
CH1 68.96 68.96 77.58 60.34 77.58
CH?2 34.48 25.86 34.48 25.86 43.10
CH3 60.34 68.96 94.82 120.68 94.82
CH4 94.82 86.20 68.96 86.20 86.20
CH5 120.68 95.21 94.82 86.20 68.96
CH®6 94.82 77.58 103.44 120.68 86.20
CH7 43.10 60.34 51.72 68.96 51.72
CHS8 60.34 51.72 51.72 60.34 51.72
CH9 52.43 68.96 51.72 34.48 17.24
CH10 51.72 60.34 78.06 78.06 51.72
LINEA DE
TERMINACION MESIAL MESIAL MESIAL MESIAL MESIAL
CH1 51.72 60.34 51.72 77.58 60.34
CH2 94.82 120.62 112.06 77.58 43.1
CH3 86.2 103.44 86.2 112.06 137.93
CH4 69.46 74.26 103.44 86.2 77.58
CH5 34.48 17.24 34.48 43.1 43.1
CH®6 43.1 43.1 43.1 43.1 43.1
CH7 43.1 60.34 94.82 129.31 120.62
CHS8 68.96 68.96 77.58 51.72 43.1
CH9 77.58 86.63 103.44 94.82 77.58
CH 10 94.82 86.2 70.26 70.26 94.82
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LINEA DE
TERMINACION | LINGUAL LINGUAL LINGUAL LINGUAL LINGUAL

CH1 68.96 51.72 86.2 51.72 43.1
CH?2 86.2 86.2 86.2 77.58 112.06
CH3 94.82 68.96 86.63 60.34 86.2
CH4 60.95 68.96 68.96 68.96 76.58
CH5 59.95 60.34 68.96 94.82 103.44
CH®6 43.1 51.72 51.72 77.58 86.2
CH7 86.2 77.58 86.2 51.72 51.72
CHS8 77.58 94.82 34.48 43.1 34.48
CH9 86.2 77.58 77.58 78.06 103.44
CH 10 94.82 60.34 94.83 60.34 86.2

LINEA DE

TERMINACION DISTAL DISTAL DISTAL DISTAL DISTAL

CH1 51.72 43.1 68.96 77.58 68.96
CH2 86.2 77.58 86.2 94.82 86.2
CH3 34.48 25.86 51.72 60.34 43.1
CH4 86.2 86.2 86.2 77.58 68.96
CH5 77.58 137.93 94.82 94.82 77.58
CHG6 34.48 43.95 51.72 77.58 51.72
CH7 94.82 103.8 103.8 112.06 129.31
CHS8 68.96 51.72 43.1 68.97 77.58
CH9 86.2 103.44 86.2 51.72 51.72
CH 10 43.1 94.82 68.96 34.48 34.48
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LINEA DE
TERMINACION | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR
H1 60.95 60.34 60.34 27.26 35.54
H2 17.24 25.86 68.96 68.96 68.96
H3 51.72 43.1 25.86 17.24 25.86
H4 60.34 43.1 34.4 43.1 34.48
H5 25.86 17.24 34.48 25.86 60.34
H6 25.86 25.86 25.86 34.48 43.1
H7 51.72 17.24 51.72 60.34 34.48
H8 43.1 51.72 51.72 69.5 51.72
H9 51.72 51.72 68.96 43.1 51.72
H 10 78.06 94.82 51.72 68.96 34.48
LINEA DE
TERMINACION MESIAL MESIAL MESIAL MESIAL MESIAL
H1 51.72 60.34 60.34 43.1 60.34
H2 60.34 103.44 86.2 112.4 60.34
H3 51.72 86.2 86.2 77.58 43.1
H4 43.1 68.96 78.06 103.44 86.2
H5 17.24 25.86 51.72 34.48 34.48
H6 34.48 34.48 34.48 51.72 68.96
H7 43.1 51.72 51.72 43.1 51.72
H8 112.06 103.44 77.58 43.1 51.72
H9 86.2 137.93 86.2 112.06 96.82
H 10 51.72 25.86 43.1 43.1 25.86
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LINEA DE
TERMINACION | LINGUAL LINGUAL LINGUAL LINGUAL LINGUAL
H1 43.1 25.86 27.26 25.86 50.26
H2 34.48 51.72 68.96 86.2 77.58
H3 77.58 60.34 43.1 60.34 43.1
H4 51.72 43.1 51.72 68.96 38.55
H5 43.1 25.86 25.86 34.48 34.48
H6 25.86 34.48 34.48 25.86 25.86
H7 34.48 25.86 25.86 25.86 43.1
H8 60.34 60.34 86.2 103.44 86.2
H9 112.06 112.06 120.86 86.2 35.54
H 10 43.1 43.1 68.96 68.96 94.82
LINEA DE
TERMINACION DISTAL DISTAL DISTAL DISTAL DISTAL
H1 34.48 43.1 43.1 43.1 60.43
H2 86.2 78.06 51.72 34.48 43.1
H3 43.1 34.48 25.86 43.1 43.1
H4 43.95 60.34 43.1 120.68 146.55
HS5 51.72 68.96 68.96 51.72 60.34
H6 34.48 43.1 43.1 43.1 17.24
H7 43.1 43.1 43.1 25.86 34.48
HS8 77.58 77.58 60.34 112.06 86.2
H9 25.86 51.72 51.72 34.48 34.48
H 10 77.58 60.34 60.34 94.82 68.96
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Medidas (en micras) de las restauraciones en la etapa de glaseado:

LINEA DE
TERMINACION | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR

CH1 68.96 68.96 77.58 60.34 77.58
CH?2 51.72 51.72 34.48 25.86 43.1
CH3 60.34 77.58 94.82 112.06 103.44
CH4 86.2 86.2 86.2 86.2 86.2
CH5 120.68 112.4 77.58 86.2 86.2
CHG6 94.82 86.2 103.44 112.06 94.82
CH7 60.43 43.1 51.72 60.34 51.72
CHS8 68.96 51.72 51.72 60.34 43.1
CH9 68.96 77.58 77.58 37.58 19.27
CH 10 51.72 51.72 43.1 34.48 51.72

LINEA DE

TERMINACION MESIAL MESIAL MESIAL MESIAL MESIAL

CH1 60.34 60.34 52.43 60.34 68.96
CH2 94.82 120.62 112.06 77.58 51.72
CH3 94.82 103.43 86.63 112.06 129.31
CH4 74.26 74.26 103.44 86.2 77.58
CH5 34.48 25.86 43.1 43.1 51.72
CH®6 43.1 43.1 43.1 51.72 51.72
CH7 51.72 60.34 103.44 103.44 112.06
CHS8 68.96 68.96 60.34 68.96 51.72
CH9 86.2 86.2 103.44 103.44 86.2
CH 10 86.2 112.06 95.21 94.82 94.82
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LINEA DE
TERMINACION | LINGUAL LINGUAL LINGUAL LINGUAL LINGUAL

CH1 68.96 60.34 86.2 51.72 43.1
CH?2 86.2 86.2 77.58 77.58 112.06
CH3 94.82 68.96 86.63 61.34 86.63
CH4 68.96 68.96 60.95 86.2 77.58
CH5 60.34 94.82 86.2 94.82 86.2
CH®6 43.1 51.72 51.72 77.58 94.82
CH7 86.2 68.96 77.58 68.96 60.34
CHS8 77.58 94.82 51.72 51.72 51.72
CH9 94.82 94.82 94.82 78.06 103.44
CH 10 86.2 60.34 94.82 60.34 103.44

LINEA DE

TERMINACION DISTAL DISTAL DISTAL DISTAL DISTAL

CH1 68.96 43.1 86.2 77.58 51.72
CH?2 86.2 77.58 77.58 94.82 94.82
CH3 34.48 25.86 51.72 60.34 51.72
CH4 86.2 86.2 86.2 86.2 77.58
CH5 86.2 120.68 120.68 94.82 86.2
CH®6 34.48 34.48 51.72 94.82 77.58
CH7 94.82 103.8 120.68 112.06 120.68
CHS8 60.34 51.72 43.1 68.97 68.97
CHO9 94.82 94.82 112.06 77.58 77.58
CH 10 43.1 86.2 94.82 25.86 34.48
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LINEA DE
TERMINACION | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR
H1 68.96 60.34 68.96 34.48 43.1
H2 34.48 34.48 51.72 68.96 68.96
H3 60.34 51.72 43.1 25.86 25.86
H4 53.1 43.1 34.48 43.1 43.1
H5 25.86 25.86 43.1 35.54 60.34
H6 25.86 25.86 25.86 34.48 51.72
H7 60.34 17.24 34.48 51.72 34.48
H8 43.1 51.72 51.72 68.96 51.72
H9 60.34 60.34 68.96 60.34 51.72
H 10 77.58 94.82 77.58 77.58 43.1
LINEA DE
TERMINACION MESIAL MESIAL MESIAL MESIAL MESIAL
H1 60.34 60.34 25.86 43.1 35.54
H2 60.34 94.82 86.2 79.47 77.58
H3 51.72 79.47 86.2 77.58 60.34
H4 43.1 60.34 77.58 94.82 60.34
HS5 17.24 34.48 51.72 34.48 25.86
H6 34.48 34.48 43.1 51.72 68.96
H7 43.1 51.72 68.96 60.34 51.72
H8 86.2 60.34 86.2 68.96 60.34
H9 86.2 137.96 86.2 112.06 103.44
H 10 68.96 43.1 51.72 43.1 25.86
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LINEA DE
TERMINACION | LINGUAL LINGUAL LINGUAL LINGUAL LINGUAL
H1 43.1 25.86 34.48 34.48 43.1
H2 43.1 60.34 86.2 86.2 77.58
H3 43.1 60.34 60.34 60.34 51.72
H4 60.34 43.1 51.72 43.1 34.48
HS5 43.1 34.48 34.48 25.86 34.48
H6 34.48 43.1 34.48 34.48 25.86
H7 34.48 34.48 34.48 34.48 43.1
H8 60.34 60.34 77.58 103.44 77.58
H9 112.06 103.44 120.86 86.2 51.72
H 10 34.48 34.48 34.48 34.48 34.48
LINEA DE
TERMINACION DISTAL DISTAL DISTAL DISTAL DISTAL
H1 43.1 34.48 43.1 60.34 51.72
H2 86.2 86.2 77.58 43.1 43.1
H3 51.72 51.72 69.5 69.5 69.5
H4 43.1 60.34 43.1 120.68 129.31
H5 68.96 60.34 60.34 60.34 60.34
H6 34.48 34.48 60.34 43.1 25.86
H7 43.1 43.1 51.72 27.26 34.48
H8 86.2 86.2 51.72 112.06 43.1
H9 25.86 43.1 43.1 34.48 34.48
H 10 68.96 43.1 60.34 94.86 60.34
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Medidas (en micras) de las restauraciones después de cementadas:

LINEA DE
TERMINACION | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR
CH1 51.72 68.96 86.2 86.2 77.58
CH2 68.96 43.1 43.1 43.1 43.1
CH3 86.2 77.58 86.2 120.68 103.44
CH4 77.58 86.2 77.58 86.2 103.44
CH5 68.96 103.44 86.2 86.2 86.2
CH®6 86.2 77.58 103.44 103.44 77.58
CH7 51.72 43.1 60.34 60.34 66.96
CHS8 68.96 51.72 60.34 68.96 43.1
CH9 77.58 86.2 86.2 60.34 43.1
CH 10 51.72 60.34 43.1 52.43 52.43
LINEA DE
TERMINACION MESIAL MESIAL MESIAL MESIAL MESIAL
CH1 68.96 60.34 51.72 60.34 68.96
CH2 94.82 112.06 112.06 77.58 60.34
CH3 94.82 103.43 68.96 112.06 112.06
CH4 77.58 77.58 94.82 94.82 77.58
CH5 51.72 51.72 51.72 34.48 43.1
CH®6 60.34 51.72 51.72 51.72 68.96
CH7 60.34 94.82 120.68 112.06 112.06
CHS8 68.96 60.34 68.96 77.58 60.34
CH9 86.2 103.44 94.82 112.06 86.2
CH 10 77.58 121.92 94.82 103.44 94.82
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LINEA DE
TERMINACION | LINGUAL LINGUAL LINGUAL LINGUAL LINGUAL

CH1 60.34 60.34 86.63 51.72 51.72
CH?2 94.82 86.2 77.58 79.47 103.8
CH3 86.2 86.2 94.82 60.34 68.96
CH4 68.96 77.58 60.34 86.2 68.96
CH5 86.2 86.2 86.2 94.82 104.87
CH®6 51.72 51.72 60.34 77.58 103.8
CH7 86.2 68.96 86.2 86.2 60.34
CHS8 68.96 103.44 60.95 51.72 60.34
CH9 103.44 77.58 94.82 86.2 103.44
CH 10 86.2 60.44 103.56 60.34 94.82

LINEA DE

TERMINACION DISTAL DISTAL DISTAL DISTAL DISTAL

CH1 60.34 51.72 86.2 68.96 43.1
CH2 87.42 94.82 77.58 94.82 94.82
CH3 43.1 43.1 60.34 60.34 51.72
CH4 94.82 86.2 86.2 86.22 79.47
CH5 94.82 120.68 120.68 103.44 94.82
CH®6 51.72 51.72 51.72 94.82 77.58
CH7 96.2 103.4 103.4 103.4 103.4
CHS8 60.34 51.72 60.34 60.34 68.97
CHO9 77.58 77.58 94.82 60.34 78.06
CH 10 68.96 94.82 94.82 34.48 35.54
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LINEA DE
TERMINACION | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR | VESTIBULAR

H1 77.58 77.58 68.34 43.1 51.72
H2 43.1 43.1 43.1 68.96 60.34
H3 66.96 60.34 51.72 43.1 34.48
H4 43.1 43.1 43.1 43.1 43.1
H5 34.48 25.86 43.1 34.48 60.34
H6 25.86 34.48 25.86 51.72 77.58
H7 60.95 34.48 43.1 51.72 43.1
H8 43.1 68.96 51.72 68.96 51.72
H9 51.72 60.34 68.96 68.96 43.1
H 10 68.96 94.82 68.96 77.58 77.58

LINEA DE

TERMINACION MESIAL MESIAL MESIAL MESIAL MESIAL

H1 51.72 60.34 43.1 51.72 51.72
H2 60.34 94.82 69.5 86.2 86.2
H3 51.72 68.96 94.82 68.96 60.34
H4 43.1 68.96 60.34 86.2 60.34
H5 34.48 34.48 34.48 43.1 43.1
H6 34.48 43.1 43.1 60.34 77.58
H7 34.48 51.72 51.72 77.58 60.34
H8 94.82 68.96 86.2 77.58 60.34
H9 77.58 112.4 112.4 112.06 103.44
H 10 79.47 52.43 60.34 60.34 43.1
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LINEA DE
TERMINACION | LINGUAL LINGUAL LINGUAL LINGUAL LINGUAL

H1 54.52 34.48 43.1 51.72 51.72
H2 51.72 68.96 78.06 92.84 68.96
H3 51.72 77.58 60.34 68.96 60.34
H4 68.96 51.72 51.72 51.72 34.48
H5 51.72 43.1 51.72 51.72 43.1
H6 43.1 43.1 43.1 34.48 34.48
H7 43.1 34.48 51.72 34.48 60.34
H8 60.34 77.58 96.29 103.44 77.58
H9 94.82 94.82 94.82 94.82 51.72
H 10 60.34 60.34 60.34 60.34 60.34

LINEA DE

TERMINACION DISTAL DISTAL DISTAL DISTAL DISTAL

H1 43.1 43.1 51.72 60.34 51.72
H2 94.82 77.58 77.58 43.1 51.72
H3 51.72 43.1 68.96 77.58 68.96
H4 51.72 86.2 60.34 120.68 103.44
H5 68.96 60.34 68.96 60.34 51.72
H6 34.48 43.1 61.42 35.54 25.86
H7 60.34 51.72 51.72 34.48 34.48
H8 94.86 86.2 51.72 137.93 51.72
H9 34.48 43.1 43.1 37.58 37.58
H 10 68.96 68.96 77.58 94.86 77.58
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Resultados CAD/CAM clinico

linea de terminacién etapa micras
hombro nucleo 18.71
hombro nucleo 18.71
hombro nucleo 18.81
hombro nucleo 15.66
hombro nucleo 10.83
hombro nucleo 14.78
hombro nucleo 19.28
hombro nucleo 26.22
hombro nucleo 20.61
hombro nucleo 9.78
chaflan nucleo 16.23
chaflan nucleo 22.76
chaflan nucleo 14.54
chaflan nucleo 19.64
chaflan nucleo 14.09
chaflan nucleo 21.63
chaflan nucleo 17.3
chaflan nucleo 22.45
chaflan nucleo 18.79
chaflan nucleo 17.36
hombro bizcocho 23.59
hombro bizcocho 15.08
hombro bizcocho 18.24
hombro bizcocho 16.15
hombro bizcocho 17.57
hombro bizcocho 21.02
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hombro bizcocho 20.36
hombro bizcocho 22.82
hombro bizcocho 18.32
hombro bizcocho 11.8

chaflan bizcocho 19.05
chaflan bizcocho 16.5

chaflan bizcocho 20.15
chaflan bizcocho 15.51
chaflan bizcocho 22.49
chaflan bizcocho 18.26
chaflan bizcocho 20.19
chaflan bizcocho 19.21
chaflan bizcocho 17.03
chaflan bizcocho 18.24
hombro glaseado 19.7

hombro glaseado 19.45
hombro glaseado 18.43
hombro glaseado 17.05
hombro glaseado 20.25
hombro glaseado 22.2

hombro glaseado 20.72
hombro glaseado 20.03
hombro glaseado 19.86
hombro glaseado 19.05
chaflan glaseado 18.02
chaflan glaseado 21.85
chaflan glaseado 20.18
chaflan glaseado 19.62
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chaflan glaseado 24.14
chaflan glaseado 25.15
chaflan glaseado 21.38
chaflan glaseado 19.18
chaflan glaseado 22.6

chaflan glaseado 23.18
hombro cemantado 18.85
hombro cemantado 18.35
hombro cemantado 18.71
hombro cemantado 17.09
hombro cemantado 20.59
hombro cemantado 20.39
hombro cemantado 22.02
hombro cemantado 22.29
hombro cemantado 25.63
hombro cemantado 22.01
chaflan cemantado 23.53
chaflan cemantado 22.52
chaflan cemantado 21.43
chaflan cemantado 22.94
chaflan cemantado 22.96
chaflan cemantado 22.77
chaflan cemantado 21.49
chaflan cemantado 23.22
chaflan cemantado 21.56
chaflan cemantado 23.28
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