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The Effect of Laboratory Procedures and Repeated-glazing on Color of

Metal-ceramic Restoration

Abstract

Background: Routine laboratory procedures and repeated glazed effect the final color of
metal-ceramic restorations (MCRs). Clinicians wonder if the color changes after routine laboratory
procedures and repeated glazed is clinically acceptable or not. Aims: The aim of this study was to
determine the color changes of MCRs after routine laboratory procedures and then glazed for 1, 2,
and 3 times. Materials and Methods: Forty-five disc-shaped (10-mm diameter and 1-mm thickness)
specimens were fabricated from Cr-Co metal-alloy. Bonding agent, first and second layer of shade A,
opaque porcelain (OP) were applied on the metal specimens. The color of specimens was measured
with a spectrophotometer after each procedure and AE,, AE, and AE, values were calculated.
Shade A, feldspathic porcelain was applied (2-mm thickness) to all specimens. Glaze was applied
on the porcelain for 1, 2, and 3 times and then, the color measured after each procedure and AE,,
AE,, and AE, values were calculated. Data were analyzed with one-way ANOVA and Duncan
test (P < 0.05). Results: AE, that was obtained between the first layer of OP and bonding agent
showed the greatest value. AE, that was obtained between the second and first layer of OP showed
the lowest value. After repeated glazed procedures, the final color of the specimens was changed;
but, these changes were clinically acceptable (AE < 5.5). Conclusions: The routine laboratory
procedures and glazed for 1,2, and 3 times is effect the color of MCRs; but, the color changes were
clinically acceptable (AE < 5.5).

Keywords: Color change, glaze, laboratory procedures, metal-ceramic restoration

Introduction condensation technique of porcelain may

) also affect the final color of the MCRs.!'*!14
Reproducing the structure and color of

a tooth using metal-ceramic restorations
(MCRs) is challenging.¥) MCRs are
frequently used due to their excellent

The metal substructure of an MCR is first
covered with opaque porcelain (OP) in a
minimum of 2 layers, to mask the metal color,

fracture resistance. The metal substructure
is an essential part of an MCR, as it
supplies necessary strength and rigidity for
clinical function.’*”7 However, the metal
substrate of an MCR has a negative esthetic
effect, especially when the MCR’s are used
in the anterior esthetic region, depending
on the increased light reflection.®! The
main problem of color replication is the
structural differences between natural teeth
and MCRs.P! Other factors contribute to
the esthetic success of dental restorations,
such as the ceramic layer’s thickness,
firing parameters and temperatures, and
the number of firings.''"! In addition to
translucency, opalescence, fluorescence,
surface texture and shape properties,
porcelain brand and batches and the
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as well as to provide the restoration its basic
shade and to develop the metal-porcelain
bond. In this respect, OP plays an important
role in the development of the shade and
the esthetic outcome of the MCR.I%¥! An
initial OP layer with high masking power is
applied to the metal substructure to mask the
dark metal oxide that promotes the adhesion
of porcelain to metal. It has been shown that
the color of OP differs considerably after
firing at clinically applicable thicknesses on
various metal systems. However, the reason
for this color change is not clear, and it has
been reported that thickness of the OP and/or
the susceptibility to diffusion of discoloring
oxides during firing might affect the final
color of the OP layer when veneered to its
metal substrate.['617]

The glazing of porcelain dental restorations
is a routine procedure designed to provide
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esthetic and hygienic glass-coated surfaces on the finished
restoration.'11  Glazed surfaces result in less plaque
accumulation. In addition, glazed porcelain can imitate
the appearance and characterization of the natural tooth."
It decreases the exposure of the dental restoration to the
oral cavity and provides the necessary smoothness.['*2!]
Nevertheless, an occlusal adjustment is sometimes needed
when the adaptation of the restoration is not perfect. In
such cases, the porcelain needs to be glazed repeatedly
or intraoral porcelain polishing system can be used. Extra
glazing procedures may be changed the final color of
MCRs.

The CIE L*a*b* system is the international standard for
color measurement.” In this system, all colors can be
matched by mixing relative amounts of the primary colors
red, green, and blue. The red, green, and blue values
can be mathematically converted to CIE L*a*b* scales
and expressed in CIE L*a*b* color space. The L* axis
represents darkness and lightness coordinates, with values
ranging from 0 (perfect black) to 100 (perfect white).
The a* axis represents chromaticity coordinates: Green
is signified by negative coordinates and red is indicated
by positive coordinates. The b* axis also represents
chromaticity: Yellow is signified by positive coordinates
and blue is signified by negative coordinates.’*? The
color difference (AE) between two objects, or in the
same object before and after it is subjected to particular
conditions, can be determined by comparing the differences
between the respective coordinate values for each object or
situation.”! The color difference (AE) between 2 objects
can be calculated using the equation;”

AE = ([L-L,J*+ [a,-a,]*+ [b -b,]*)"

The aim of this study was to determine the color changes
of MCR after routine laboratory procedures and then glazed
for 1, 2, and 3 times. The null hypothesis of the present
study is that routine laboratory procedures and repeated-
glazing may be effect the final color of restorations.

Methods

Forty-five disc-shaped specimens (10 mm diameter and
I-mm thickness) were fabricated from Cr-Co metal-alloy.
The thickness of each disk specimen was controlled with
an electronic calipers. The Cr-Co alloy specimens abraded
with 110-um aluminum oxide powder according to the
manufacturer’s instructions. First, the bonding agent was
applied only a surface of each specimen and then fired.
Shade A, OP was applied to the specimens with a brush-on
application technique. Two layers of OP were fired. The
first layer was applied as thin slurry and the second as a
brush-on layer to obtain uniform coverage. After each stage
of these routine laboratory procedures, the color of each
specimen was measured with a spectrophotometer (VITA
EasyShade; VITA Zahnfabrik). This system captures
the color coordinates using a D65 illuminant (color
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temperature 6500° Kelvin) and a viewing angle of 2
degrees. The color of the specimen was measured with the
surface facing up against a neutral gay background.?! The
CIELAB values (L*, a*, and b*) were determined from
nine measurements of each specimen, and transferred to a
personal computer for analysis. The instrument calibration
was evaluated after measurement of each specimen and
the instrument was recalibrated. Shade A, dentin body
porcelain (2-mm thickness) was applied to the specimens
and fired. The thickness of each specimen was controlled
with an electronic calipers. Finally, all specimen were glazed
and fired for 1, 2, and 3 times. The color of all specimens
was measured again after each glaze process. In summary,
the processes which were applied on the metal specimen;
Bonding agent

The first layer of OP

Second layer of OP

Dentin body porcelain

The first layer of glaze

Second layer of glaze

The third layer of glaze.

NNk Wb =

The color differences (AE) were calculated according to the

following equation; AE = ([L -L,J*+ [a,-a,]*+ [b,-b,])"*. In

this way;

* AE, = Between the first layer OP and bonding agent

* AE, = Between the second and first layer of OP

* AE, = Between the dentin body porcelain and second
layer of OP AE, = Between the first layer of glaze and
dentin body porcelain

* AE, = Between the second and first layer of glaze

* AE, = Between the third and second layer of glaze were
calculated for each statement.

The AE values determine whether the changes in the overall
color of the specimens are perceivable to the human observer.
In this study, an AE of >2.6 units was used as a baseline
of visual significance.”® Any specimen with an average AE
score of >2.6 units was scored as visually detectable, and
values above 5.5 AE were considered clinically unacceptable.
The data were analyzed with statistical software (SPSS,
version 17.0; SPSS, Inc, Chicago, Ill, USA). The AE values
of the specimen after routine laboratory procedures and
glazed for 1, 2 and 3 times were analyzed by one-way
analysis of variance (ANOVA) at a confidence level of 95%.
The Tukey honestly significant difference (HSD) test was
used to perform multiple comparisons (o = 05).

Results

The means and standard deviation (SD) are listed for
each AE values in Table 1. The highest mean + (SD) was
observed in AE,. The lowest mean + (SD) was observed in
AE, The first layer of OP effected the color of specimens
significantly, but the second layer of OP was not. When
the dentin porcelain was applied, AE values (AE,) was
increased. However, when the porcelain was glazed for 1,
2, and 3 times, AE values were decreased.
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The results of one-way ANOVA of the AE values are listed
in Table 2. According to the ANOVA result, there was
statistically significant differences among the AE values.

The Tukey HSD test was used to perform multiple
comparisons. According to the Tukey HSD test; there were
no significant differences among the AE-AE, and AE_—
AE~AE,~AE, values. AE  value was greater than other AE
values [Table 3].

Discussion

The aim of this study was to evaluate the color changes of
metal-ceramic specimens after routine laboratory procedures
and glazed for 1, 2, and 3 times. The null hypothesis of this
study was accepeted. The routine laboratory procedures and
glazed for 1, 2, and 3 times effected the final color and AE >1
of all specimens that were noticeable by human eye. After the
first layer of OP, the color changes were statistically significant
for all specimens. Compared with the first glazing procedure,
the second and third glazing procedures demonstrated less
effect on the color stability of metal-porcelain specimens.

Color stability is an important factor to ensure the long-term
clinical success of MCRs. Therefore, it is important to
minimize the factors that influence the processing of the
shade of MCRs.[!

Table 1: Mean and standard deviation of AE values

AE values Mean+SD

AE, 4.166+2.179
AE, 1.394+0.606
AE, 2.118+1.242
AE, 1.999+1.213
AE, 1.959+1.014
AE 1.795+0.893

1y

SD: Standard deviation

Table 2: The results of one-way analysis of variance

Sumof df Mean F Significant
squares square
Between groups  644.818 5 128.964 77.728 0.000
Within groups 1333.969 804  1.659
Total 1978.787 809

Table 3: Tukey honestly significant difference test

Group n Subset for alpha=0.05
1 2 3
Tukey HSD* AE, 135 1.394
AE, 135 1.795 1.795
AE, 135 1.959
AE, 135 1.999
AE, 135 2.118
AE, 135 4.166
Significant 0.108 0.310 1.000

HSD: Honestly significant difference
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Douglas et al® reported that intraoral color difference
could be predicted based on regression analysis that 50%
of dentists would accept a color difference if the color
difference was 5.5 AE, and 50% of dentists could perceive a
color difference of 2.6 AE values. Yilmaz et al.!'! evaluated
the effects of various types of metal alloys on the color
of OP after repeated firings and reported that color shifts
after repeated dentin firings were imperceptible (AE <2.6)
and clinically acceptable (AE <5.5) for each type of metal
alloys. In the present study, all AE values were clinically
acceptable, but AE, was higher than 2.6 AE values. AE,
may be perceived by the dentists and technicians. The
color differences would not be perceivable by the human
eye (AE <2.6) at every stage, nor after the cumulative color
change (glaze firing).['"]

Possible sources of processing variables in porcelain firing
include the thickness and color of the opaque; thickness,
color, and translucency of the body and enamel layers;
firing temperature; and number of firings.["¥! Although the
effect of repeated firings on the color of body ceramic has
been shown to be minimal,'"¥ O’Brien et al!" reported
that firing ceramic specimens up to 6 times resulted in
perceptual color changes. In addition, for AE <1, the human
eye cannot perceive the color difference, as described in
previous studies.??1 Ozgelik et al!'” evaluated the color
alterations of different types of metal-ceramic alloys
during several stages of metal surface preparation and to
determine the effect of those changes on the resulting color
of OP. They reported that the color difference of OP for all
alloys was not visually perceivable when compared to the
target shade (AE <2.6). Aurélio et al.*” evaluated the effect
of extended and conventional (manufacturer-recommended)
glaze firings on optical characteristics, residual stress, crack
healing, and crystalline structure of four ceramics. They
reported that extended glaze firing produces clinically
acceptable color alterations.

A number of studies have shown that the glazed porcelain
provides a smooth and dense surface, and many have
shown that a polishing sequence can produce an equally
smooth surface, which may be esthetically better.*”

Color  differences (AE)  determined by  using
spectrophotometers have been used in dental research
to describe differences in the color of ceramic systems
or in metal-ceramic crowns.®!! The consistency of the
spectrophotometric readings has to be considered as
these devices can be subject to problems of over-heating
and edge-losses.””*? One group of authors Stavridakis
et al??® attempted to reduce these by rotating each of
their samples through 1208 and remeasuring them. The
standard deviation for their measurements ranged from
0.1 to 1.5 AE_ units which may have adversely influenced
their results.

The results of the present study showed that routine
laboratory procedures and repeated glazed effected the color
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of MCR. However, color changes after all procedures except
of AE, were imperceptible (AE < 2, 6) and color changes
after all procedures were clinically acceptable (AE < 5.5).

Conclusions

Within the limitations, these conclusions were drawn;

1. Routine laboratory procedures effected the color of
MCRs. However, it was clinically acceptable (AE <5.5).
AE, value was calculated between the first layer of OP
and bonding agent may be perceived by the clinicians
and technicians (AE = 4.166)

2. Repeated glazed procedure effected the color of MCRs.
However, it was imperceptible (AE <2, 6) and clinically
acceptable (AE <5.5).

Financial support and sponsorship
Nil.
Conflicts of interest

There are no conflicts of interest.

References

1. Jarad FD, Russell MD, Moss BW. The use of digital imaging for
colour matching and communication in restorative dentistry. Br
Dent J 2005;199:43-9.

2. Wee AG, Chen WY, Johnston WM. Color formulation
and reproduction of opaque dental ceramic. Dent Mater
2005;21:665-70.

3. Rosenstiel SF, Land MF, Fujimoto J. Contemporary Fixed
Prosthodontics. 4" ed. St. Louis: Elsevier; 2006. p. 709-39,
740-73.

4. Wataha JC. Alloys for prosthodontic restorations. J Prosthet Dent
2002;87:351-63.

5. O’Brien WIJ. Dental Materials and Their Selection. 3™ ed.
Chicago: Quintessence; 2002. p. 24-36, 225-38, 210-24.

6.  Shillingburg HT, Hobo S, Whitsett LD, Jacobi R, Brackett SE.
Fundamentals of Fixed Prosthodontics. 3™ ed. Chicago:
Quintessence; 1997. p. 433-36, 455-81.

7. Berns RS. Billmeyer and Saltzman’s Principles of Color
Technology. 3" ed. New York: John Wiley Sons; 2000. p. 71-4.

8. Kourtis SG, Tripodakis AP, Doukoudakis AA. Spectrophotometric
evaluation of the optical influence of different metal alloys
and porcelains in the metal-ceramic complex. J Prosthet Dent
2004;92:477-85.

9. Miller LL. Shade matching. J Esthet Dent 1993;5:143-53.

10. Douglas RD, Przybylska M. Predicting porcelain thickness
required for dental shade matches. J Prosthet Dent 1999;82:143-9.

11. Uludag B, Usumez A, Sahin V, Eser K, Ercoban E. The effect of
ceramic thickness and number of firings on the color of ceramic
systems: An in vitro study. J Prosthet Dent 2007;97:25-31.

12. Mulla FA, Weiner S. Effects of temperature on color stability of
porcelain stains. J Prosthet Dent 1991;65:507-12.

13. O’Brien WJ, Kay KS, Boenke KM, Groh CL. Sources of color

Contemporary Clinical Dentistry | Volume 10 | Issue 2 | April-June 2019

14.

15.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

variation on firing porcelain. Dent Mater 1991;7:170-3.

Hammad IA, Stein RS. A qualitative study for the bond and
color of ceramometals. Part II. J Prosthet Dent 1991;65:169-79.
Yilmaz B, Ozgelik TB, Wee AG. Effect of repeated firings on
the color of opaque porcelain applied on different dental alloys.
J Prosthet Dent 2009;101:395-404.

Paravina RD, Powers JM. Esthetic Color Training in Dentistry.
St. Louis: Elsevier; 2004. p. 192.

Ozgelik TB, Yilmaz B, Ozcan I, Wee AG. Color change during
the surface preparation stages of metal ceramic alloys. J Prosthet
Dent 2011;106:38-47.

Albakry M, Guazzato M, Swain MV. Effect of sandblasting,
grinding, polishing and glazing on the flexural strength of two
pressable all-ceramic dental materials. J Dent 2004;32:91-9.
Aksoy G, Polat H, Polat M, Coskun G. Effect of various
treatment and glazing (coating) techniques on the roughness and
wettability of ceramic dental restorative surfaces. Colloids Surf
B Biointerfaces 2006;53:254-9.

al-Wahadni A, Martin DM. Glazing and finishing dental
porcelain: A literature review. J Can Dent Assoc 1998;64:580-3.
Kumchai H, Juntavee P, Sun AF, Nathanson D. Effect of
glazing on flexural strength of full-contour zirconia. Int J Dent
2018;2018:8793481.

Bolt RA, Bosch JJ, Coops JC. Influence of window size in
small-window colour measurement, particularly of teeth. Phys
Med Biol 1994;39:1133-42.

Douglas RD, Steinhauer TJ, Wee AG. Intraoral determination of
the tolerance of dentists for perceptibility and acceptability of
shade mismatch. J Prosthet Dent 2007;97:200-8.

Shokry TE, Shen C, Elhosary MM, Elkhodary AM. Effect of
core and veneer thicknesses on the color parameters of two
all-ceramic systems. J Prosthet Dent 2006;95:124-9.

Hasssija J, Hegde V, Sridhar N. An in vitro study on effect
of ceramic thickness and multiple firings on colour of metal
ceramic restorations. J Indian Prosthodont Soc 2014;14:86-92.
Crispin BJ, Seghi RR, Globe H. Effect of different metal ceramic
alloys on the color of opaque and dentin porcelain. J Prosthet
Dent 1991;65:351-6.

Stavridakis MM, Papazoglou E, Seghi RR, Johnston WM,
Brantley WA. Effect of different high-palladium metal-ceramic
alloys on the color of opaque porcelain. J Prosthodont
2000;9:71-6.

Stavridakis MM, Papazoglou E, Seghi RR, Johnston WM,
Brantley WA. Effect of different high-palladium metal-ceramic
alloys on the color of opaque and dentin porcelain. J Prosthet
Dent 2004;92:170-8.

Aurélio IL, Dorneles LS, May LG. Extended glaze firing on
ceramics for hard machining: Crack healing, residual stresses,
optical and microstructural aspects. Dent Mater 2017;33:226-40.
Al-Wahadni AM, Martin DM. An in vitro investigation into the
wear effects of glazed, unglazed and refinished dental porcelain
on an opposing material. J Oral Rehabil 1999;26:538-46.

Barghi N. Color and glaze: Effects of repeated firings. J Prosthet
Dent 1982;47:393-5.

Johnston WM, Hesse NS, Davis BK, Seghi RR. Analysis
of edge-losses in reflectance measurements of pigmented
maxillofacial elastomer. J Dent Res 1996;75:752-60.

242



