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Abstract:

Objective: To compare the color stability of different advanced
lithium disilicates (ALDS) before and after coffee
thermocycling. Materials and methods: Twenty-one rectangular-
shaped disk specimens were prepared from three different
lithium silicate-based materials (CEREC Tessera, Initial Lisi,
Amber Mill) (n=7) for each group. All specimens were finished
and polished. Color coordinates were measured with a
spectrophotometer. All specimens were then aged with 5000
cycles of coffee thermocycling, and the measurements were
repeated. The color difference (AE00) was calculated. Statistical
analysis was performed using mixed model two-way ANOVA
followed by the Tukey post hoc test (¢=0.05). Results: CEREC
Tessera had the least AE00=1.8 followed by Initial Lisi=2.24

and Amber mill=3.1.

Conclusion: Cerec Tessera was found to be a promising

material regarding color stability.
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Introduction

Esthetics has an important role in dentistry due to the increasing demand from patients. As a
result, dental ceramics with superior optical and mechanical properties are widely used in recent

dentistry. !

Advanced lithium disilicate (ALDS) glass ceramics are one of the newest technologies of
glass-matrix ceramics found for example in (CEREC Tessera Dentsply Sirona), and in Initial LiSi
Block, (GC, Tokyo, Japan) also, Amber Mill (HASS, Kangneung, Korea) that controls the level of
translucency, such as high, medium, or low, within the single block depending on the temperature

selected during the sintering process. 2°

The esthetic result of a ceramic restoration depends on its optical properties. *° Also, color

stability plays an important role for the success of the restoration.

Thermocycling has been used widely to simulate the physiological aging of restorative
materials by exposing them to repeated exposures of different temperatures. Coffee contains acidic

components such as tannin and chlorogenic acid that can accelerate discoloration °

This study aimed to evaluate the effect of coffee thermocycling on the color stability of
three different CAD-CAM materials (CEREC Tessera — Dentsply Sirona, Initial LiSi — GC,
Amber Mill — HASS). The null hypothesis was that coffee thermocycling and material type

would not affect the color stability of recent lithium disilicate materials.
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Material and Methods

Table I. list of CADCAM lithium silicate ceramics used in the study:

Material | Manufacturer | Classification Shade Batch number

Cerec Dentsply Advanced Lithium HT 16012251

Tessera sirona Disilicate ceramic A2/Cl14

block Milford, DE,

USA

Initial Lisi | GC Tokyo, Advanced Lithium HT 2112221

block Japan Disilicate ceramic A2/C14

Amber Hassbio Nanocrystalline HT EBEO050F2401

Mill block | America Lithium disilicate A2/Cl14

ceramic

Study design: A power analysis was performed with a software program (G*Power 3.1.9.7)

to determine the required number of specimens in each group. The effect size (f) was 0.738, the

alpha level was 0.05, and the beta was 0.2. The anticipated sample size (n) was 21, with 7

specimens in each group. A total number of 21 ceramics were divided according to material type

into three groups:

> Group T: CEREC Tessera — Dentsply Sirona (n=7)

> Group L: Initial LiSi Block — GC (n=7)

<> Group A: Amber Mill — HASS (n=7)

Specimen preparation: Disks were machined from all materials of the same A2 shade and

the same HT translucency using a low-speed diamond saw ISOMET 4000 (Isomet 4000,

BUEHLER, Germany) at a speed of 2500 rpm with an integrated coolant delivery system to cut

specimens into a rectangular shape of 10 x 12-mm dimensions and thickness of 1 mm. Digital
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calipers (Total Digital Caliper, China) were used to verify the desired thickness and flat surface

of each specimen.

The Amber Mill specimens were crystallized according to manufacturer instructions to
achieve a fully sintered form using a furnace (Ivoclar AG Programat EP3010, Germany) with the
setting of 815 °C, vacuum 1= 550 °C, vacuum 2 = 815 °C and with a total time of 15 minutes to

obtain specimens in HT translucency as recommended by the manufacturer.

The specimens were polished using a low-speed handpiece and an electric motor with a
speed of (5000- 7000 rpm) without coolant and with a light touch using a diamond polishing
system for processing lithium disilicate from EVE in the following sequence: red-coated for pre-
polishing and yellow-coated for final polishing. All specimens were polished for 40 s on one side

by the same operator, with the same touch, and under the same conditions for standardization.

Color measurements: After polishing all specimens, the color measurements were made
using a reflection spectrophotometer (Cary 5000 spectrophotometer, Agilent, USA) against a
black background, the spectrophotometer had been calibrated before each measurement
according to the manufacturer's instructions. All specimens were measured three times, and the
average measurement was used to calculate different color variables such as L, a, b, C, and H. (
L: refers to the lightness. A: redness to greenness. B: yellowness to blueness. C: refers to

chroma. H: refers to hue)

Coftee thermocycling: All specimens were aged by using 5000 cycles of thermocycling
in a coffee solution to simulate 6 months of physiological aging. To make the coffee solution,
177 mL of boiled tap water was combined with 1 tablespoon of coffee. After preparing the

solution, it was left for 5 minutes before being used to fill the plastic containers. Subsequently,
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all specimens were subjected to 5000 cycles of thermocycling in a thermocycler using the coffee
solution. The thermocycling involved alternating temperatures between 5 °C and 55 °C with a
dwell time of 30 seconds and a bath transfer time of 10 seconds.The coffee solution was replaced

by a freshly prepared coffee solution every 24 hours in the hot and cold baths.

Coffee residue was removed from the specimen surface after coffee thermocycling by
rinsing under running water followed by cleaning with a toothbrush and toothpaste (Sensodyne,
rapid action) 10 times in a circumferential motion under running water and to mimic intraoral
brushing. Finally, the specimens were dried with sterile gauze, and the measurements were

repeated

Final evaluation: Color parameters were measured again for all specimens after coffee
thermocycling by using the same spectrophotometer. Color change (AE2000) was calculated to

determine the color stability of different materials using the following equation:

. (AN AC\? [ AH'N? AC" AH'
BFn = J (kLSL) * (chc) * (kHSH) T ku%a
Numerical data were presented as mean and standard deviation (SD) values. The Tukey
post hoc test was performed after the mixed model two-way ANOVA was used to examine the

data (a=0.05).
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Summary statistics and comparisons of the main effects of color change are presented in

(Table II) and (Figure 1). Results showed that Amber Mill had the highest color change followed

by Initial LiSi, while CEREC Tessera had the lowest change with all post hoc pairwise

comparisons being statistically significant (p<0.001).

Table II. Summary statistics and main effects comparisons for color change.

Parameter Color change (AE) (Mean+SD) fvalue | pvalue
CEREC Tessera | 1.80+0.10°€

Material Initial LiSi 2.24+0.12°8 230.23 | <0.001*
Amber mill 3.10+0.13*

Values with different superscripts within the same vertical column are significantly different

*Significant (p<0.05).
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Figure 1- Bar chart showing average color change (AE2000) after thermocycling of different

materials.
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Discussion

Aesthetic restorations have become a popular demand among patients who seeking for
attractive smile by long-lasting restorations. As a result of the innovation in both ceramic restoration
materials and fabrication techniques, there are variable ceramic products and systems on the market
that can be used in dentistry. 7 Among all-ceramic systems, Lithium Disilicate is considered to be the

gold standard for aesthetic restorations.

Color stability is considered one of the most important factors same as the mechanical
properties of the restoration. The quality and lifespan of dental restorations depend partially on the
color stability of a restorative material over time so, restorative material should have good color

stability to be able to resist any stains from solutions. °

A2 shade was selected as it is stated as the most common shade used in dental restorations.
19 1mm disc thickness was standardized for all samples to mimic 1 mm full crown restoration.
Discs were preferred for sample design especially when evaluating the optical properties of a

material because they ensure standardized surface quality and size. !!

Color assessment is a complex process, which is subjected to variable factors. Due to the
differences in a person's ability to select identical shades in addition to the subjective nature of
color perception, Colorimetric instruments have been used for evaluation of the color differences.
Measurement of the color in this study was calculated by AE2000 because it is more relevant to
dental research. 124 Spectrophotometer was used for color measurement because they have been
reported to be the preferred instrument to measure color as they are accurate and can evaluate
metamerism in opposite to colorimeters that cannot do so and this offered less errors and used in

many studies. 3

The null hypothesis was rejected for the effect of coffee thermocycling on the color

stability of advanced lithium disilicate.
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In this study, color differences were calculated by AE2000, The threshold for perceptibility
(AE00=0.8) and acceptability (AE00=1.8) are required to clinically explain the color differences.
16 Sulaiman et al. * recorded that a CIEDE2000 color difference over 1.8 is considered

unacceptable.

There was a significant difference between all materials in CIEDE2000 before and after
coffee thermocycling. Cerec Tessera had the best results because it had the least AE0O (1,8) and
was the only material with a clinically acceptable range, and this may be due to the unique dual
crystal structure of lithium disilicate and virgilite in Cerec Tessera The innovation of virgilite
crystals enhance both esthetics and mechanical properties, but initial lisi (2.24) and amber mill

(3.1) had unacceptable color change perceptible.

Conclusion

1. Coffee thermocycling has a significant effect on color stability of advanced lithium

silicate ceramics

2. Cerec Tessera has the highest color stability within the accepted clinical range.
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