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RESUMO

SOUZA, M. M. Avaliagao das propriedades épticas, superficiais e mecéanicas da
coloragao extrinseca de ceramicas monoliticas submetidas a diferentes
temperaturas de queima: estudo in vitro. 2026. Dissertagcdo (Mestrado) —
Faculdade de Odontologia, Universidade Estadual Paulista (UNESP), Aragatuba,
2026.

As ceramicas odontologicas surgem como um meio de solugéo, a fim minimizar os
problemas estéticos, uma vez que possuem propriedades Opticas excelentes
dependendo de sua composicdo e formas de confecgdo. Independente das
propriedades estéticas dos materiais, existem restauragbes que carecem de uma
caracterizagdo adicional como no caso de ceramicas monoliticas. A pigmentagéo
externa é usada com maior frequéncia, depois dos procedimentos de cristalizagcao ou
sinterizagao do material ceramica e envolve a aplicagao de materiais vitreos de baixa
fusao para melhorar seu aspecto 6ptico. O objetivo deste trabalho foi avaliar o efeito
de diferentes temperaturas de queima da caracterizagcdo extrinseca, incluindo
temperaturas superiores as recomendadas pelo fabricante, sobre a rugosidade
superficial e as propriedades Opticas das ceramicas de dissilicato de litio. Para isso,
blocos de IPS e.max CAD (lvoclar) foram seccionados e distribuidos em seis grupos
(n =10), de acordo com o tratamento de superficie: apenas glaze ou glaze associado
a caracterizacao extrinseca, submetidos a queima a 710 °C, 770 °C ou 820 °C. Uma
pasta pigmentada na cor A2 (lvoclar) foi aplicada e queimada conforme as
recomendagdes do fabricante, seguida da aplicagcao do glaze na mesma temperatura.
A rugosidade superficial (Ra) foi mensurada por meio de perfilometria de contato
(Mitutoyo). A estabilidade de cor (AE,,), 0 parametro de translucidez (TP) e a razéo
de contraste (CR) foram avaliados por meio de um espectrofotébmetro de reflexdo UV—-
visivel (Shimadzu), e a microdureza Vickers (MH) foi determinada com um
microdurémetro (Shimadzu). Os dados foram analisados utilizando os testes de
Shapiro-Wilk, Friedman ou ANOVA, e Wilcoxon, adotando-se nivel de significancia
de a = 0,05 e testes pds-hoc apropriados. O glaze reduziu significativamente a
rugosidade superficial em todos os grupos (p < 0,001), com menores valores de Ra
observados nas temperaturas de 770 °C e 820 °C, independentemente da
caracterizacao extrinseca. Em relagao as propriedades opticas, a queima a 770 °C

resultou nos menores valores de AE,y, enquanto a 820 °C apresentou os maiores



valores do TP. Diferengas significativas na CR antes e apds a cristalizagao foram
observadas em todos os grupos, exceto naqueles tratados a 820 °C. Observou-se
aumento da microdureza apés a aplicacdo de caracterizagao extrinseca associada ao
glaze na temperatura de 770 °C. A temperatura de queima influenciou o
comportamento superficial e 6ptico das ceramicas de dissilicato de litio com
caracterizagao extrinseca. A queima a 770 °C otimizou a lisura superficial, a
estabilidade de cor e a microdureza, enquanto a temperatura de 820 °C promoveu
maior translucidez, sustentando o uso clinico desse protocolo para a obtencdo de

melhores resultados estéticos e mecanicos.

Palavras-chave: dissilicato de litio; caracterizagdo extrinseca; temperatura de

queima; propriedades 6pticas; rugosidade superficial.



ABSTRACT

SOUZA, M. M. Evaluation of the optical, surface, and mechanical properties of
the extrinsic coloration of monolithic ceramics subjected to different firing
temperatures: an in vitro study. 2026. Dissertacdo (Mestrado) — Faculdade de
Odontologia, Universidade Estadual Paulista (UNESP), Aracatuba, 2026.

Dental ceramics have emerged as a viable solution to minimize esthetic concerns, as
they exhibit excellent optical properties depending on their composition and fabrication
method. Regardless of the intrinsic esthetic properties of these materials, certain
restorations require additional characterization, as in the case of monolithic ceramics.
External staining is frequently performed after crystallization or sintering procedures
and involves the application of low fusing glass based materials to enhance the optical
appearance. The aim of this study was to evaluate the effect of different firing
temperatures used for extrinsic characterization, including temperatures above those
recommended by the manufacturer, on the surface roughness and optical properties
of lithium disilicate ceramics. IPS e.max CAD lIvoclar blocks were sectioned and
randomly distributed into six groups n = 10 according to surface treatment: glaze only
or glaze associated with extrinsic characterization, subjected to firing at 710 °C, 770
°C, or 820 °C. An A2 shade staining paste Ivoclar was applied and fired according to
the manufacturer recommendations, followed by glaze application at the same
temperature. Surface roughness parameters (Ra) were measured using contact
profilometry Mitutoyo. Color stability AEOO, translucency parameter TP, and contrast
ratio CR were evaluated using a ultraviolet visible reflection spectrophotometer
Shimadzu, and Vickers microhardness MH was determined using a microhardness
tester Shimadzu. Data were analyzed using Shapiro Wilk, Friedman or ANOVA tests,
followed by Wilcoxon and appropriate post hoc tests, adopting a significance level of
a = 0.05. Glaze application significantly reduced surface roughness in all groups p <
0.001, with lower Ra values observed at 770 °C and 820 °C, regardless of extrinsic
characterization. Regarding optical properties, firing at 770 °C resulted in the lowest
AEOQOO values, whereas firing at 820 °C yielded the highest TP values. Significant
differences in CR before and after crystallization were observed in all groups except
those treated at 820 °C. An increase in microhardness was observed after the
application of extrinsic characterization associated with glaze at 770 °C. Firing

temperature influenced the surface and optical behavior of lithium disilicate ceramics



subjected to extrinsic characterization. Firing at 770 °C optimized surface smoothness,
color stability, and microhardness, whereas firing at 820 °C promoted greater
translucency, supporting the clinical use of this protocol to achieve improved esthetic

and mechanical outcomes.

Keywords: lithium disilicate; extrinsic characterization; firing temperature; optical

properties; surface roughness.
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1 INTRODUCTION

The demand for highly esthetic restorations that reproduce natural tooth
characteristics-translucency, opacity, and color-has grown substantially. Dental
ceramics are central to this goal because their optical, physical, and mechanical
behavior depends on composition and processing; in general, a higher glass phase
favors esthetics and translucency compared with a higher crystalline content (Abdel
Sadek; Zaghloul, 2022; Rizk et al., 2024). In this context, monolithic ceramic
restorations have gained widespread acceptance by simplifying clinical and laboratory
workflows and reducing veneer-related complications, while maintaining satisfactory
wear resistance and long-term durability under simulated clinical conditions (Alnahdi
et al., 2025; Rizkallah et al., 2025).

Despite favorable intrinsic optics, many monolithic lithium disilicate restorations
still require individualized characterization to achieve lifelike outcomes (Guaita-Saez et
al., 2025). Extrinsic staining, applied after crystallization using low-fusing, glass-based
pigments, creates a thin surface layer capable of enhancing optical appearance and
improving shade matching. However, the color stability and surface characteristics
resulting from this procedure may vary depending on ceramic composition and,
critically, on the firing temperature used during pigment and glaze application (Lu et
al., 2023). Evidence suggests that repeated firings and firing temperature can influence
color and surface topography; nevertheless, available data remain limited and are

often technique- or protocol-dependent (Meng et al., 2018).

Surface smoothness of ceramic restorations is clinically relevant, as smoother
glazed or polished surfaces tend to accumulate less biofilm, reduce antagonist wear,
and exhibit greater resistance to extrinsic staining compared with rougher surfaces.
(Abdel Sadek; Zaghloul, 2022; Dal Piva et al., 2024). In parallel, optical parameters -
including color difference (AE,,), translucency parameter (TP), and contrast ratio (CR)
are essential for quantifying esthetic performance and determining clinical perceptibility
and acceptability. Established thresholds for AEq, and TP allow laboratory findings to
be interpreted within a clinically meaningful framework (Alazemi; Rayyan, 2025;
Paravina et al., 2015; Salas et al., 2018; Vichi et al., 2023). Additionally, surface
roughness parameters (e.g., Ra) provide standardized descriptors of surface quality,

while microhardness serves as an indicator of resistance to deformation and surface
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wear, reflecting the mechanical integrity of the superficial ceramic layer (Zaniboni et
al., 2022).

Although the manufacturer’s protocol for applying extrinsic stain and glaze to
lithium disilicate ceramics recommends a firing temperature of 710 °C, it is common
practice among dental laboratory technicians to increase this temperature in pursuit of
greater surface gloss, translucency, and overall esthetic quality. In this context, higher
firing temperatures, including 770 °C and 820 °C, are commonly adopted during
extrinsic staining and glaze firing (Abdel Sadek; Zaghloul, 2022; Alnahdi et al., 2025;
Alnassar, 2022; Lin et al., 2022; Rizk et al., 2024). This empirical approach, although
widespread, lacks systematic scientific validation, raising important questions
regarding its actual impact on the optical, surface, and mechanical properties of lithium

disilicate ceramics.

Given these considerations, the present in vitro study evaluated the effects of
different firing temperatures used for extrinsic staining on the surface roughness,
microhardness, and optical properties of lithium disilicate ceramics, aiming to inform
firing protocols that balance surface smoothness, color stability, and translucency.
Therefore, the null hypothesis tested was that different firing temperatures of extrinsic
staining do not significantly affect the surface roughness, microhardness, or optical
properties (color stability, translucency, and contrast ratio) of lithium disilicate

ceramics.
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6 CONCLUSION

Firing temperature directly influenced both the optical performance and surface
roughness of lithium disilicate ceramics subjected to extrinsic staining. Firing at 770°C
yielded the least color alteration and smoothest surfaces, while firing at 820°C
enhanced translucency. Nevertheless, a significant increase in microhardness was
observed only when the pigment and glaze were applied in combination. Clinically,
these findings suggest that the stain + glaze protocol at optimized firing temperatures
may provide an effective approach to achieving a balance between esthetic and

mechanical performance in lithium disilicate restorations.
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