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ABSTRACT

Purpose: This study aimed to evaluate the effect of repeated firings on the color
change and surface roughness of two all-ceramic systems. Materials and Methods:
Forty disc shaped ceramic specimens ( 10 mm x 1 mm ) were fabricated from two
commercially available all-ceramic system (IPS E.max press, Ivoclar-Vivadent, Schaan,
Liechtenstien, Germany and zirconia Nacera Pearl, DOCERAM Medical Ceramics,
Germany) (N=20). Color measurement of the specimens was made using Reflective
spectrophotometer and surface roughness (Ra) was measured using USB digital profile
guage, (Elcometer 224/2, Elcometer Instruments, Great Britain) after 1, 3, 5 and
7 repeated firing. Results: The mean color change (AE) was clinically acceptable for
both types of ceramics. As regards the effect of ceramic material on (AE), e.max showed
statistically significantly higher mean color change (AE) than Zirconia. As regards the
effect of repeated firings on (AE), 7 repeated firings showed statistically significantly
higher mean (AE) than 5 repeated firings which in turn showed statistically significantly
higher mean (AE) than 3 repeated firings. Surface roughness measurements showed that
there were significant difference between E.max and zirconia and that zirconia showed
higher mean (Ra) than e.max. Also the results of the current study showed that there
were a significant difference between mean (Ra) and numbers of firing as roughness
decrease with increasing the number of firing. Conclusions: Repeated firings negatively
affecting the color change and surface roughness and should be minimized as possible.

INTRODUCTION

For producing more natural looking restorations dental ceramics
have been used for a long term because of their superior esthetic and
bio-mechanical properties". Advanced ceramic systems and fabricating
techniques were introduced as a result of developments in dental
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industry. Various fabricating methods as lost wax,
slip cast and CAD/CAM are used for fabrication of
most frequently used all-ceramic restorations such
as lithium disilicate, aluminum oxide and zirconium
oxide ceramics *?).

According to the laboratory procedure all-
ceramic systems can be classified to (pressable,
sintering, slip casting or milling) and according to
components all-ceramic systems can be classified
to (feldspar, glass ceramic, core reinforced)™®>.
Pressable glass ceramics are frequently used due
to easiness of fabrication, occlusal accuracy,
translucency, enhanced marginal integrity, excellent
mechanical properties, reduced porosity and net
shaped forming by pressing®” .

As metal free restorations Lithium disilicate
ceramics gain their celebrity. They can be used
as full-anatomical restorations, laminate veneers,
inlays, onlays or as core material covered by
veneering ceramics®.

Zirconia ceramics, can be used as core materials
in all-ceramic restorations, implant materials,
implant superstructures and orthodontic brackets due

to their superior strength and fracture toughness®.

For better mechanical properties lithium disili-
cate ceramics are material of choice in comparison
with leucite based ceramics and for superior esthetic
outcome lithium disilicate ceramics are much better
than zirconia ceramics®.

It is necessary to duplicate natural teeth color.
The main factors which affects reproduction of
the ceramic color are related to components of
substructures, type of ceramic, manufacturing
procedures, ceramic thickness, and processing
variables in ceramic firing such as number of firings
and firings temperature!'®'V. Dental ceramics are
subjected to firings during manufacture procedure
.Sometimes repeated firings are necessary for
esthetic causes, as color mismatch and occlusal
correction®. The statement ‘“Repeated firings”
may be defined as the supplementary firing after
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production of the restoration due to esthetic and
occlusal correction. In another study it was revealed
that there was a little variations in ceramics color
after repeated firings"'®. A pervious study reported
that detectable color changes can take a place after
three to six repeated firings on layering ceramic'?.

Color evaluation is a complex psycho-physio-
logical process subjected to many variables!!*!9, By
the use of CIEL*a*b* color system colorimetric
measurements can provide exact color values. The
commission International de I’Eclairage (Interna-
tional Commission on Illumination) system was de-
veloped in 19781319 CIEL*a*b* describes color in
3 dimensions:( L*,a* and b*) ,L* represents light-
ness (0-100), a* represents color variation axis red/
green and b* represent color variation axis yellow/
blue. The color difference or change is acknowl-
edged by AE!". The perception level of AE changes
is from 1 to 3.7 in several studies but most of studies
revealed that color change (AE) under 1 unit cannot
be detectable by eyes!!829,

Surfaces of restorations have to be smooth
and polished, or else rough surfaces may cause
reduction in flexural strength, increase in surface
staining on teeth because of increased abrasion
in surface of opposing teeth and accumulation of
plaque and calculus ?'?Y. Accordingly, increased
possibility to infection in oral soft tissue and
dental caries and decrease in the esthetic outcome
of the restoration may occur®2”, Smoothness of
ceramic restorations can be accomplished by glaze
process which includes subjecting dental ceramic to
temperature that is lower than fusing temperature of
the ceramic®*?9,

Therefore, this study was designed to evaluate
the effect of repeated firings on the color change
and surface roughness of two all ceramic systems.
The hypothesis of this study was that both color and
surface roughness of lithium disilicate and zirconia
would be affected by repeated firings.
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MATERIALS AND METHODS

IPS e.max press, Ivoclar-vivadent, schaan,
Liechtenstien, Germany and Zirconia Nacera Pearl,
DOCERAM Medical Ceramics, Germany were
used in this study. Size of specimens for this study
was similar to the specimen size used in previous

color evaluation studies %32,

Preparations of IPS e-max press specimens

Lithium disilicate ceramic specimens were
made-up following the manufacturer’s instructions
using lost wax technique. Totally 20 disc shaped
standardized wax patterns were produced using
CAD/CAM technology for standardization. First a
file with the desired dimensions (1mm in thickness
and 10mm in diameter) was created then this file
was opened with a software program (MILLBOX
DG SHAPE V3.7.3) and activated to start milling
wax pattern specimens. The CAD/CAM wax-
patterns were fabricated using a milling machine
(Roland DWX-510 Japan).The specimens were first
invested and after that burned out at 850°C for 1
hour. IPS e-max press ingots were used to produce
the ceramic specimens by heat-press technique
at 700°C in press furnace (EP 3010, Ivoclar-
vivadent,schaan,liechtenstien). The specimens were
then divested 2mm away from the specimens. The
specimens were checked for the desired thickness

Table (1): The repeated glaze firing cycles for e.max
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using a stainless steel caliper (Pirmadent , Germany
Stainless) by measuring different points (one
point centrally and four equidistant points at the
periphery). All specimens were glazed following
manufacturer’s instructions.

Preparation of zirconia specimens

Zirconia ceramic specimens were made-up
according to manufacturer’s instructions  using
CAD/CAM technique. Totally 20 disc specimen
(Imm in thickness and 10mm in diameter ) were
software (MILLBOX DG
SHAPE V3.7.3), dimensions of specimens were

designed using a

adjusted taking into account the expected amount
of shrinkage during sintering which is specified
by the manufacturer .After milling all specimens
were sintered in sintering furnace (Tabeo-1/s/
zircon-100,Germany),and glazed following the
manufacturer’s instructions. The specimens were
checked for the desired thickness using a caliper
(Pirmadent , Germany Stainless) by measuring
different points (one point centrally and four
equidistant points at the periphery).

Twenty specimens of each ceramic systems
were prepared and then subjected to the repeated
firings (3", 5™ and 7" ). The control group was the
specimens that were glazed first time. The glaze
firing cycle was repeated three, five and seven times.

Stand-by temp. | Closing temp. .Temperature Firing temp. | Holding time Vacuum-on Vacuum-off temp
g 2 increase rate o g . og o R
(CI°F) (min) (C/°F /min.) CI’'F (min.) temp. ("C/°F) (CI°F)
403/757 6:00 60/108 770/1418 1:00-2:00 450/842 769/1416
Table (2) : The repeated glaze firing cycle for Zirconia
Firing temperature (°C) Holding time (min) Drying time (min) Vacuum on (°C) Vacuum off (°C)
820 2 2 400 800

Color and surface roughness measurements were preformed and recorded for each specimen in control

group and after the 3%, 5™ and 7™ repeated firings.



(348) ADJ-for Grils, Vol. 7, No. 3

Color change measurements

The color was calculated using reflective
spectrophotometer. Size of the aperture was set
to 4 mm and the specimens were exactly aligned
with the device. White background was selected, 3
measurements were made at glazed surface of each
disc, the average reading was calculated for each
specimen, and measurements were made according
to the CIELab color space relative to the CIE
standard illuminant D65. Specimens’ color change
(AE) were evaluated via the following formula:

AE . s = (AL** + Aa*? + Ab*?) /2 Where: L*
stand for brightness-darkness, a* stand for redness-
greenness, b* stand for yellowness-blueness of the

object.(Figure 1)

Figure (1): Diagram of CIE L*a*b* system.

Surface roughness (Ra) measurements

Surface roughness (Ra) was evaluated using
USB digital surface profile gauge, (Elcometer
224/2, Elcometer Instruments, Great Britain) and
data were recorded using computer software of
roughness tester supplier (Elcomaster 2, Elcometer
Instruments). For each reading made, the mean
roughness value (Ra,um) was represented by the
arithmetic mean between the peaks and valleys
registered, after the needle of the profilometer had
scanned a stretch of 2 mm in length, with a cut-
off of 0.25mm to maximize the filtering and the
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undulation on the surface. Each surface was read
three times, from three different points starting from
center of the specimen. The mean values of the three
readings yielded the mean value of the roughness of

each specimen.

Statistical analysis:

The mean and standard deviation values were
recorded for each group in each test. Data were
investigated for normality using Kolmogorov-
Smirnov and Shapiro-Wilk tests, data showed

parametric (normal) distribution.

One-way ANOVA followed by Tukey post hoc
test was used to compare between more than two
groups in non-related samples. Independent sample
t-test was used to compare between two groups in
non-related samples.

The significance level was set at P < 0.05.
Statistical analysis was performed with IBM®
SPSS® Statistics Version 20 for Windows.

RESULTS

The statistical analysis of the results showed
that:

I) Color change measurements (AE): (Table 3)

o There was statistically significant difference
between (Lithium disilicate) and (Zirconia) in
color change (p<0.001).

o As regards the effect of ceramic material on
color change IPS e.max has higher (AE) value

than zirconia.

o As regards the effect of number of firings
on (AE), 7 repeated firings demonstrated
statistically significantly higher mean (AE) than
5 repeated firings which in turn demonstrated
statistically significantly higher mean (AE) than
3 repeated firings.



Effect of Repeated Firings on the Color Change and Surface Roughness of Two All-ceramic (349)
Table (3): The mean and (SD) values of AE of different groups.
AE
Variables Initial firing After 3 firing cycles | After S firing cycles | After 7 firing cycles Poval
-value
Mean SD Mean SD Mean SD Mean SD
Lithium disilicate 3.67 0.44 5.13 0.60 6.50 0.65 7.96 0.58 <0.001*
Zirconia 2.10 0.49 3.12 0.78 4.48 0.93 5.37 0.90 <0.001*
P-value <0.001* 0.001* 0.001* <0.001*

P-value <0.05: significant (*),;non-significant >0.05 (ns)

II) Color change measurements (AL): (Table 4)

o There was statistically significant difference between (Lithium disilicate) and (Zirconia) in (AL) value

(p<0.001).

o Asregards the effect of ceramic material on (AL) IPS e.max has higher (AL) value than zirconia.

o Regards the effect of number of firings on (AL), there was a statistically significant decrease in (AL) as
the number of firing increase.

Table (4): The mean and SD values of AL of different groups.

AL
Variables Initial firing After 3 firing cycles | After 5 firing cycles | After 7 firing cycles P-value
Mean SD Mean SD Mean SD Mean SD
Lithium disilicate 5.46 0.39 4.50 0.65 3.13 0.60 2.67 0.44 <0.001*
Zirconia 3.04 0.67 2.48 0.93 1.35 0.47 1.02 0.14 <0.001*
P-value <0.001* <0.001* <0.001* <0.001*

P-value <0.05: significant (* );non-significant >0.05 (ns)

III) Color change measurements (Aa): (Table 5)

o Zirconia showed statistically significantly higher (Aa) value than e.max.

o There was a statistically significant increase in (Aa) after 3,5 and 7 repeated firings .

o Highest mean of (Aa) value was obtained with 7 repeated firings while lowest (Aa) value was obtained
with the control group.

Table (5): The mean and SD values of Aa of different groups.

Aa
Variables Initial firing After 3 firing cycles | After 5 firing cycles | After 7 firing cycles Povalue
Mean SD Mean SD Mean SD Mean SD
Lithium disilicate 0.96 0.11 1.46 0.30 2.17 0.59 2.80 0.65 0.002*
Zirconia 1.93 0.14 2.68 0.42 3.32 0.46 4.16 0.57 <0.001*
P-value <0.001* <0.001* 0.004* 0.003*

P-value <0.05: significant (* );non-significant >0.05 (ns)
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IV) Color change measurements (Ab): (Table 6)

o There was statistically significant difference in (Ab) between the two ceramic materials.

o There was a statistically significant increase in (Ab) after 3,5 and 7 repeated firings .
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o Highest mean of (Ab) value was obtained with 7 repeated firings while lowest (Ab) value was obtained
with the control group.

Table (6): The mean and SD values of Ab of different groups.

Ab
Variables Initial firing After 3 firing cycles | After 5 firing cycles | After 7 firing cycles
P-value
Mean SD Mean SD Mean SD Mean SD
Lithium disilicate 0.70 0.18 1.16 0.30 1.87 0.59 2.33 0.48 <0.001*
Zirconia 1.09 0.09 1.69 0.27 2.48 0.78 291 0.42 <0.001*
P-value 0.001* 0.009* 0.153ns 0.051ns

P-value <0.05: significant (*);non-significant >0.05 (ns)

V) Surface roughness (Ra): (Table 7)

o As regards the effect of ceramic material on surface roughness, e.max demonstrated statistically
significantly lower mean (Ra) than Zirconia.

o Asregards the effect of repeated firings on surfaces roughness, initial firing demonstrated the statistically
significantly highest mean (Ra). This was followed by 3 repeated firings. 5 repeated firings and 7
repeated firing which demonstrated the statistically significantly lowest mean (Ra).

Table (7): The mean and SD values of Roughness (Ra) of different groups.

Roughness (Ra)
Variables Initial firing After 3 firing cycles | After S firing cycles | After 7 firing cycles
p-value
Mean SD Mean SD Mean SD Mean SD
Lithium disilicate | 0.2795 0.0007 0.2592 0.0084 0.2475 0.0106 0.2340 0.0049 0.004*
Zirconia 0.3082 0.0062 0.2887 0.0054 0.2699 0.0067 0.2592 0.0067 0.007*
P-value 0.001* 0.007* 0.036* 0.006*

P-value <0.05: significant (* );non-significant >0.05 (ns)
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DISCUSSION

All-ceramic restorations allow superior light
transmission within the restoration,which enhances
the color and translucency of the final restorations ¢,
For better mechanical properties lithium disilicate
ceramics are material of choice in comparison with
leucite based ceramics and for superior esthetic
outcome lithium disilicate ceramics are much better
than zirconia ceramics ®.

Fabricating all-ceramic fixed partial dentures
without any limitation regarding the size of the
restoration became more applicable after the
existence of zirconium dioxide®? . Yttria-stabilized
tetragonal Zirconia (Y-tzp) is frequently used
as dental restorations because of its excellent
mechanical properties and bio-compatibility©?.
Zircoina is now used as a core material in all —
ceramic restoration and orthodontic brackets®¢37.
The exceptional properties of Zirconia as strength,
transformation toughening, white color , chemical
and structural stability made Zirconia the core

material of choice®®.

Current color matching instrument are able to
reliably quantify color of both tooth and dental
ceramic by measuring color and expressing it in
terms of three coordinate values (L*, a* and b*)
which locate the object’s color in the CIE-lab color
space®>49,

like
spectrophotometers and colorimeters are capable of

Instrumental  measurement  devices,
detecting and quantifying slight color differences
as their limitation of detection during in vitro
quantification of mono chromatic specimens is
considered to be 1AE units®”. Spectrophotometers
are the preferred instrument for measurement of
color as they are quite stable over time, accurate and
can evaluate metamerism in contrast to colorimeters
that cannot quantify metamerism and have poor
repeatability and reproducibility due to aging of the
filters®".
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It is believed that surface roughness may affect
the esthetic by changing the texture of ceramic
restoration so it affects color stability by increasing
scattering of incident light?.

The profilometer has the ability to characterize
and quantify surface roughness, step heights,
critical dimensions and other topographical features
with outstanding accuracy. Measurements are
non destructive, quick and don’t need specimen
preparation.

Results of color parameter of this study showed
that e.max has a higher mean (AE) than zirconia
irrespective to number of firings, and the color
change (AE) was clinically acceptable for both
types of ceramic. This difference may be because
of the difference in core crystal volume, refractive
index and crystalline content between the two
materials“.

These results were consistent with the informa-
tion provided by previous studies !* 447, This phe-
nomena can be explained as the (AE) of ceramic
systems were affected by the ceramic composition,
as the zirconia uses pure partially stabilized zirco-
nia particles, while IPS e-max consists of lithium
disilicate crystals to strengthen the matrix'¥, it was
suggested that ceramic core composition is affected
by repeated firings“®.

Studying the effect of repeated firings on color
change (AE), 7 repeated firings have a statistically
significant higher mean (AE) value that was
clinically detectable by all observers, than five
repeated firings which in turn have higher mean
(AE) than 3 repeated firings which show color
change (AE) within the clinically acceptable limit;
this may be related to color instability of metal
oxides during repeated firings.

These results were in agreement with previous
studies (1444454849 This could be explained due
to instability of metal oxides after repeated firing
temperatures, and changes of surface colorants and
pigment breakdown after repeated firings®%>D,



(352) ADJ-for Grils, Vol. 7, No. 3

Considering the mean L* value which was
statistically significant higher in e.max than zirconia
and always decreased in ceramic materials used
after repeated firings, while the mean a* value was
higher for zirconia than e.max and the mean b*
value showed no statistically significant difference,
this is attributable to the fact that the L* a* b* values
of ceramic systems were affected by the ceramic
compositions 49,

The results of the current study also showed that
the mean L* value decreased with repeated firings
while the mean a* and b* values increased which is
consistent with previous study “¥.

The resulted color coordinates proved that
the final discs specimens were darker, redder and
more yellowish colors. That was in agreement with
previous studies **? who studied the color stability
of different type of dental ceramic and reported that
the greater the number of firing, the darker and more
reddish/yellowish the specimens, indicating smaller
L* and greater a* and b*coordinates.

Surface roughness measurements showed that
there was a significant difference between zirconia
and e.max and that zirconia showed a higher mean
(Ra) than e.max which may be due to the presence
of abrasive alumina and voids in the structure of the
zirconia®?,

This was found to be in agreement with pervious
study ®» which may be due the presence of alumina
crystals in addition to the glass powder, and such
a granular and porous structure, may cause greater
roughness.

Also the results of the current study showed
that there was a significant difference between mean
(Ra) and numbers of firing as roughness decrease
with increasing the number of firing as a result of
the melting and fusion of the surface of the porcelain
that fill in small irregularities, thereby providing the
restoration with a smoother surface .

This result is in agreement with previous
studies®®” this phenomenon may be due to
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the effect of sintering time and temperature on
decreasing of the porosity, as trapped gasses escape
by diffusion through the matrix®” and that the glaze
layer fills the microcracks and form a smooth layer.

CONCLUSIONS

Within the limitations of this in-vitro study the
following conclusions were drawn:

1. E.max and Zirconia ceramic materials acted
differently as regards color change (AE) and
surface roughness (Ra).

2. Color change (AE) and the roughness of ceramic
surface were affected by the type of ceramic
used as well as number of firings with the higher
(AE) value and least roughness produced with
e.max after 7 repeated firings
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