
SUMMARY
Purpose: To evaluate the effects of repeated firings on colour of leucite 

and lithium di-silicate ceramics. 
Materials and method: 10 disc specimens (15.5mm × 2.1mm) for 

each pressable all-ceramic (Empress 2, Finesse, Cergo, Wegold) were 
prepared. The colour data of all specimens after 1st, 3rd, 5th and 7th firing 
periods were expressed in CIE L*a*b* system [L(light-dark), a(red-green), 
b(yellow-blue), ∆E values] by using CM-2600d Spectrophotometer and 
Spectra-Magic 3.1 PC Software. 1-way analysis of variance, Tukey’s test 
and Newman Keul’s test were used for statistical analysis. The results were 
determined at significance level P<.05. 

Results: There were significant differences in L* and a* values of 
Empress 2 at all firing periods (P<.0001). The L*, a*, b* values of Finesse 
were only affected at 7th firing period (P<.001). The L* and b* values of 
Cergo (P<.001) and a* and b* values of Evopress were found statistically 
significant (P<.0001, P<.01). The colour change value of Empress 2 was 
between 1.6 (∆E1-3) and 4 (∆E1-7) that can be perceived by eyes (∆E>1). 

Conclusions: The study results showed that the colour of lithium 
di-silicate ceramic Empress 2 was affected by repeated firings more than the 
others.
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Introduction

Providing anterior aesthetics in dental restorations 
is an important aspect. Ceramics have a long history of 
usage for this purpose. If used in appropriate situations, 
ceramics are aesthetic, functional and biocompatible 
materials1. The aesthetic success of ceramic 
restorations depends on several factors, such as surface 
characteristics2, thickness3, shape, colour4 and core 
material2. Dentin is considered to be the primary source 
of colour for teeth5. The core materials that are used for 

strengthening the restoration may also be considered to 
be a source of colour for a crown restoration. Metal core 
structures have been successfully used for strengthening 
the ceramic for many years6. However, it then became 
necessary to develop more translucent and aesthetically-
pleasing ceramic materials to eliminate the light 
transmission problem7. Thus, metal-free all-ceramic 
restorations were produced and were accepted because of 
their high aesthetic quality8.

All-ceramic systems can be classified according 
to the laboratory processing procedure (pressable, 
slip-casting, milling, or sintering) and the chemical 
composition (feldspar: high leucite and low leucite; 
glass ceramic: mica, leucite, and lithium disilicate; 
core reinforced: alumina, spinel injection moulded, 
magnesia, and zirconia)6,9. Pressable glass ceramics are 
among the most popular dental restorative systems due 
to several factors: ease of fabrication, occlusal accuracy, 
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represents yellowness-blueness of the object. The colour 
change or difference is stated by ∆E22. The perception 
level of ∆E changes from 1 to 3.7 in different studies, but, 
most of the studies reported that colour change (∆E) under 
1 unit cannot be perceived by eyes23-25.

The aim of this study was to investigate colour 
changes in lithium di-silicate and leucite ceramic 
materials after repeated firings. The null hypothesis 
was that both the colour values of lithium di-silicate and 
leucite ceramic materials would be affected by repeated 
firings and ∆E would be greater than 1 for all specimens.

Materials and Method

Table 1 shows the ceramic materials selected for 
this study. A lithium di-silicate ceramic (Empress 2®, 
Ivoclar Vivadent, Schaan, Liechtenstein) and 3 different 
leucite reinforced materials (Finesse®, Ceramco, NJ, 
USA), (Cergo®, Degussa Dental, Dusseldorf, Germany), 
(Evopress®, Wegold Edelmetalle, Wendelstein, 
Germany) were tested. 10 disc specimens were prepared 
for each group according to their manufacturers’ 
instructions. 

better marginal integrity, translucency, good mechanical 
properties, net-shaped forming by pressing, and decreased 
porosity10,11.

A pressable all-ceramic restoration would be 
fired several times to produce a natural appearance 
by correcting its form and colour, but the effects of 
repeated firings on colour of a ceramic material is a big 
challenge. Several studies have investigated the effects 
of temperature or firing conditions on various dental 
porcelain systems. Claus12 reported that the firing cycle, 
temperature, rate of temperature increase, holding time, 
and cooling time affect the distribution of the sintering, 
glass, and crystal phases in the microstructure of the 
porcelain. In addition, there have been numerous studies 
and reports on the effects of temperature or firing 
techniques on ceramic systems13-16. 

Colour assessment is a complex psychological and 
physiological process subject to variables. Variations in 
perception of colour changes are possible from numerous 
uncontrolled factors17,18. The use of colorimetric 
measurements provides exact colour values by CIE 
L*a*b* colour order system. The system was developed 
in 1978 by the Commission Internationale de I’Eclairage 
(International Commission on Illumination)19-21. CIE 
L*a*b* defines colour in 3 dimensions: L* represents 
brightness-darkness, a* represents redness-greenness, b* 

Table 1. The materials tested in the study

Materials        Type Manufacturer Batch number

Empress 2 Lithium di-silicate pressable all-ceramic Ivoclar Vivadent,
Schaan, Liechtenstein S61194

Finesse Leucite reinforced pressable all-ceramic Ceramco, NJ, USA 311200

Cergo Leucite reinforced pressable all-ceramic Degussa Dental GmbH, Hanau, Germany 0032/2

Evopress Leucite reinforced pressable all-ceramic Wegold Edelmetalle, Wendelstein, Germany 41001

Prefabricated wax discs (Ivoclar Vivadent, Schaan, 
Liechtenstein) with 15.5 mm radius and 2.1 mm thickness 
were sprued and invested by using each material’s own 
investment material. Then, the specimens were pressed 
according to their manufacturer’s pressing program. After 
pressing, the investment moulds were taken from the 
furnace and allowed to air-cool. The investment material 
around the discs was removed by using an airborne 
particle abrasion unit (Toptec-Bego, Bremen, Germany) 
with 50 μm glass beads at a pressure of 4 to 2 bars. A 
diamond disc bur (Horico, Berlin, Germany) was used for 
separating the sprues from the discs. Both surfaces of the 
specimens were serially wet-ground with 220, 320, 500, 
600, and 800 grade silicon carbide papers mounted on a 
surface grinder and polisher machine (Buehler Metaserv 

Grinder-Polisher, Buehler UK Ltd., United Kingdom). 
The final size of the disc specimens were 15.5 mm radius 
and 2 mm thickness after the surface treatment.

After surface finishing and polishing, each specimen 
was placed in its own furnace for the first firing 
program. After cooling, the colour of each specimen was 
measured by using a spectrophotometer (CM-2600d, 
Konica Minolta Optics Inc, Tokyo, Japan) and Spectra-
Magic 3.1 PC Software (Konica Minolta Optics Inc, 
Japan). Before colour measurement, the calibration of 
the spectrophotometer was performed according to the 
manufacturer’s instructions. 3 measurements were made 
at 1 surface of the disc, and the average reading was 
calculated for each specimen. Instrument was recalibrated 
after measurement of each group (n=10). This procedure 
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the mean value and the standard deviation, a 1-way 
analysis of variance was used to compare the repeated 
measurements for the groups. To compare the colour 
values of the materials, Tukey multiple comparison test 
was used. The colour changes after each firing period 
were analyzed with Newman-Keuls multiple comparison 
test (P= .05).

Results

The mean values and repeated measures ANOVA 
results of L*, a* and b* results are listed in table 2. There 
were significant differences of Empress 2® material’s L* 
and a* values in all firing periods (P< .0001). The L*, 
a*, b* values of Finesse® were only affected by repeated 
firings significantly at 7th firing period (P< .001). The L* 
and b* values of Cergo® were affected by repeated firings 
significantly (P< .001). However, the other values were 
not affected after the 3rd firing and a* value at any firing 
period. The a* and b* values of Evopress® were found 
statistically significant (P< .0001, P< .01). The others 
were not affected.

was repeated after 1st, 3rd, 5th and 7th firing periods. All 
disc specimens in each group were evaluated in CIELAB 
system [L(light-dark), a(red-green), b(yellow-blue), ∆E 
values] after each firing period. The CIELAB system is a 
uniform 3-dimensional colour order system and changes 
in any 3 coordinates can be perceived as visually similar. 
Total colour changes were calculated with the use of the 
following equation (Knispel G. Factors affecting the 
process of color matching restorative materials to natural 
teeth. Quintessence Int, 1991; 22:525-531):

∆E=[(∆L*)2 + (∆a*)2 + (∆b*)2]1/2

The L* coordinate of a specimen is the value of 
the lightness-darkness. The greater the L* is, the lighter 
the specimen. The a* coordinate is the chroma along the 
red-green axis. A positive a* relates to the amount of 
redness, and a negative a* relates to greenness. The b* 
coordinate is the chroma along yellow-blue axis, which 
means, a positive b* relates the amount of yellowness, 
and, a negative b* relates the amount of blueness of the 
specimen. ∆L*, ∆a* and ∆b* are the differences in the 
CIE colour-space parameters of the 2 measurements.

The statistical analysis in this study was performed 
using the Graphpad Prism V3 packet program (GraphPad 
Software Inc, CA, USA). In addition to calculation of 

Table 2. Mean values and repeated measures ANOVA results for each material tested

Number of Firings

Property Material 1 3 5 7 Sig.

L* Empress 2 80.26±0.4 81.48±0.28 82.69±0.36 84.09±0.32 < .0001

Finesse 71.86±0.16 71.80±0.15 71.85±0.15 71.64±0.17 < .0001

Cergo 75.79±0.98 76.47±0,5 76.58±0.33 76.53±0.38 < .0001

Evopress 61.12±0.57 61.15±0.25 61.39±0.34 61.16±0.33 > .05

a* Empress 2 -0.78±0.11 -0.59±0.18 -0.41±0.21 -0.27±0.2 < .0001

Finesse 2.06±0.07 2.06±0.06 2.05±0.07 2±0,07 < .0001

Cergo 0.92±0.06 0.96±0.07 0.94±0,05 0.94±0.05 > .05

Evopress 0.24±0.15 0.19±0.13 0.19±0.15 0.15±0.14 < .0001

b* Empress 2 10.74±0.52 11.67±0.6 11.82±0.62 11.74±0.63 < .0001

Finesse 11.29±0.11 11.27±0.13 11.28±0.13 11.11±0.12 < .0001

Cergo 12.64±0.46 12.94±0.3 13.06±0.37 12.98±0.28 < .0001

Evopress 10,68±0.23 10.64±0.24 10.7±0.16 10.51±0.27 < .01

 Figures 1, 2 and 3 graphically show changes in 
colour values of each material after repeated firings. The 
∆E values of Finesse®, Cergo® and Evopress® were 

found to be lower than 1 (∆E<1). However, Empress 2® 
material’s colour change results were between 1.6 and 4 
(Tab. 3).
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Table 3. The colour changes (∆E values) of each ceramic 
material between all firing periods

ΔE Empress 2 Finesse Cergo Evopress

ΔE 3-1 1.58±0.38 0.1±0.05 0.8±0.59 0.33±0.25

ΔE 5-3 1.25±0.4 0.09±0.04 0.27±0.2 0.3±0.15

ΔE 7-5 1.41±0.21 0.28±0.07 0.2±0.12 0.35±0.11

ΔE 5-1 2.70±0.63 0.07±0.03 0.96±0.75 0.43±0.32

ΔE 7-3 2.64±0.31 0.26±0.06 0.21±0.16 0.29±0.17

ΔE 7-1 4.01±0.51 0.31±0.08 0.87±0.68 0.43±0.32

Discussion

This in vitro study measured the changes in colour 
of pressable all-ceramic materials after repeated firings. 
Within the limitations of this study, the results support 
the hypothesis regarding the colour effect of repeated 
firings of pressable all-ceramic materials. All of the 
materials’ colour values were affected by repeated 
firings; however, the colour change (∆E) results were 
not greater than 1 for all the investigated materials. The 
colour changes may only be perceivable for lithium 
di-silicate ceramic Empress 2®, which had ∆E values 
between 1.6 and 4.

Ceramics have many uses in restorative dentistry 
because they have so many aesthetic and physical 
advantages1,5. In particular, all-ceramic systems are 
preferred because of their light-transmitting features4,5. In 
this study, the most commonly-used pressable all-ceramic 
materials were selected to be tested. 

In most studies, firing periods were limited between 
once to 9 times6,17,23-25. The first firing serves to eliminate 
micro-cracks and release the stresses associated with 
grinding and polishing procedures, as recommended 
by the manufacturers7. The second and third firings 
are considered to be necessary steps for producing the 
restoration using the staining or layering technique. The 
fourth and subsequent firings are necessary when shape 
and colour corrections are needed. After the third firing, 
an all-ceramic restoration is ready for installation in 
the mouth by the dentist. The additional 4 firings were 
assumed to be necessary only if the dentist needs further 
shape and colour corrections.

In most of the studies, the wax specimens were 
produced with handmade moulds. However, in this 
study, prefabricated and pre-sprued wax discs (Ivoclar 
Vivadent, Schaan, Liechtenstein) were used to eliminate 
dimensional errors between specimens.

Figure 1. Means of L* for each repeated firings

Figure 2. Means of a* for each repeated firings

Figure 3. Means of b* for each repeated firings
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on the fracture strength of heat-pressed ceramics. J Oral 
Rehabil, 1996; 23:170-174.

17. Johnston WM, Kao EC. Assessment of appearance matched 
by visual observation and clinical colorimetry. J Dent Res, 
1989; 68:819-822.
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effect of ceramic thickness and number of firings on the 
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determination of the tolerance of dentists for perceptibility 
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97:200-208.

23. Ruyter IE, Nilner K, Moller B. Color stability of dental 
composite resin materials for crown and bridge veneers. 
Dent Mater, 1987; 3:246-251.

It is known that leucite ceramics exhibit an increase 
in leucite content after repeated firings26,27 and the 
size of lithium di-silicate crystals in lithium di-silicate 
content ceramics was found to increase after repressing28. 
Although these kinds of changes in the microstructure 
of leucite and lithium di-silicate content ceramics 
were reported, in this study the colour change values of 
ceramics could be perceived by eyes only for lithium 
di-silicate ceramic. Further investigations on effects 
of repeated firings to the colour of different core and 
layering materials should be planned.

Conclusion

The study results showed that the L*, a* and b* 
values of all materials were affected by repeated firings, 
but not statistically significant for all. The colour change 
value of Empress 2® was between 1.6 (∆E1-3) and 4 
(∆E1-7) that can be perceived by eyes (∆E>1). Colour 
change of Empress 2® after repeated firings may be 
perceived by eyes. The reason may be in its lithium 
di-silicate content, which is different from other materials 
tested in the study.
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