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Spectrophotometric evaluation of color match to VITA classical shade
guide of four different veneering porcelain systems for metal ceramic

restorations
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ABSTRACT: Purpose: To determine by a spectrophotometric analysis the variations in color between the fabricated shade
of four different porcelain systems and the intended shade when applied in a set thickness. Methods: Four porcelain
systems (Duceram Kiss, VITA Omega, Wieland Reflex, Ivoclar IPS d.SIGN) for metal ceramic restorations were selected.
Three disk-shaped (15 mm diameter, 0.3 mm thickness) specimens per group were made for three different shades of the A
color scale of the Vitapan classical shade guide. On a Cr-Co alloy, 0.15 mm of porcelain opaque and 1.0 mm of translucent
porcelain was applied. The porcelain stratification was executed according to the manufacturers’ indications. The color
measures were made by the clinical spectrophotometer Easyshade. Results: No statistically significant differences were
found among the ceramic systems examined. The recorded differences in color between A2 porcelain disks and
corresponding VITA shade tabs were closer (mean AE = 2.50) than those recorded for shade A3 (mean AE = 3.84) and
shade A3.5 (mean AE=3.94) (P<0.05). (4m J Dent 2009;22:19-22).

CLINICAL SIGNIFICANCE: When made based on the manufacturer’s instructions, the four porcelain systems tested may fail
to achieve clinically acceptable matching of the selected shade.
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Introduction

Color matching of a ceramic restoration to natural dentition
remains a key factor in achieving optimal esthetic results in
prosthetic dentistry. In clinical practice the color matching task
is accomplished by the shade selection process, which starts by
using a visual assessment or instrumental color analysis. Visual
shade selection is the most common method of color
determination. Several shade guides have been proposed by the
manufacturers and by far the most used worldwide is the
Vitapan classical.” Once the target shade map is determined the
laboratory should replicate this color by mean of a porcelain
system that usually is correlated to the selected shade guide.
The factors that have an influence on final color of dental
porcelain include porcelain brand and batch, firing conditions,
condensation technique, modeling liquid, substrate and
porcelain thickness.

The manipulative variables of firing temperatures and
condensation, as well as the choice of modeling liquid were
found in a previous study' to have little influence on the final
color of the restoration. The number of firings however is a
potential source of color variations as documented,'” but if the
number of firings is limited to five, the effect is negligible.?
Batch to batch variations were found to have a moderate
influence on color.”® The substrate, meaning the alloy type of
the metal ceramic restoration, is a potential source of color
variation.”"> An important source of variability of the color is
the porcelain thickness as previously reported.*'*!*1¢!7

Preston'® identified as one of the major limits of the current
shade-guide systems the fact that porcelains do not match the
shade guides. Wide variations of color according to the
porcelain brand have been documented."”'>" Customized
shade tabs have been advocated to minimize this problem but
so far the dental community has not embraced this procedure.”

An additional difficulty of predicting the final color is rep-

resented by the need of having different layers of porcelain
such as opaque, dentin and enamel.*'* It is accepted that the
opaque layer should be as thin as possible to mask the metal
substructure and usually appears to be 0.10-0.15 mm.” In
addition, the amount of translucent porcelain necessary to
reproduce the color of the target shade should be at least 1.0
mm.'*'?%2* Very limited information is available from the
manufacturers or from the literature, on what the ideal
proportion of dentin and enamel should be.

This study evaluated, by a spectrophotometric analysis, the
variations in color between four dental porcelain systems and
the target shades “A2, A3 and A3.5” of the shade guide Vitapan
classical. The null hypothesis was that all porcelain systems
would be able to clinically match the intended shade achieving
AE<3.7.

Materials and Methods

In order to make an appropriate use of the porcelain
systems, instructions regarding the proper layering were
retrieved from the manufacturers’ documentation of the
porcelain systems. All the information available consisted of
diagrams where the thickness of the different layers of opaque,
dentin and enamel were calculated. The measures were
calculated at 45% of the length of a central incisor starting from
the incisal margin. Values were displayed in percentage and
were used in the construction of the samples (Table 1).

In order to simulate metal ceramic restorations, disk-shaped
specimens were preferred to tooth-shaped specimens previously
employed." Disk-shaped specimens allowed a better control of
the thickness of different layers and a flat surface was preferred
in order to allow a more precise use of the spectrophotometer
and obtain repeatable color measures.>?’ A diagram of the
samples is presented in Fig. 1. A porcelain substrate was
selected (Cr-Co alloy - Heraenium P°). Metal disks 15 mm in
diameter and 0.3 mm thick were fabricated using a cylindrical
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Table 1. Porcelain systems selected for the study.

Porcelain system Porcelain layer

Duceram Kiss Opaque
Dentin

Incisal

Ivoclar IPS d.SIGN Opaque
Dentin

Incisal

Vita Omega 900 Opaque
Opaque dentin
Dentin

Incisal

Wieland Reflex Opaque
Dentin

Incisal

Enamel Porcelain

1 mm
/ Dentin Porcelain

«——— Opaque Porcelain 0.15 mm

+——— Metal substructure 0.3 mm

Fig. 1. Scheme of stratification of disk-shaped specimens.

custom made steel mold (Fig. 2). The device also allowed hav-
ing a mold 15 mm in diameter where height could be adjusted
and acted as a guide to produce calibrated layers. The cast
metal specimens were adjusted with stones, airborne-particle
abraded with 50 pm aluminum oxide, cleaned with steam, and
then oxidized according to the manufacturer guidelines.

Three different shades (A2, A3, A3.5) for four different cer-
amic systems were object of the present investigation. Ceramic
systems were VITA Omega 900, Duceram Kiss,” Wieland
Reflex,® and Ivoclar IPS d.SIGN® obtaining a total of 12
combinations. For each group, three samples were fabricated
for a total of 36 specimens (Table 1).

The metal specimen was inserted in the device and the same
device was used in order to obtain calibrated layers of porce-
lain. A layer of 0.1 mm of porcelain opaque was first applied.
Translucent porcelain, dentin and enamel were layered in the
same manner according to the values obtained by the manufac-
turer diagrams as previously calculated (Table 2). The total
amount of translucent porcelain was | mm in thickness. The
use of 1.0 mm thickness is representative of the usual clinical
conditions and has been accepted for porcelain translucency.*®
The layer thickness was evaluated after each firing and the
necessary corrections were made by either grinding or adding
porcelain. A digital caliper (1651 DGT') with a 10 um resolu-
tion was used for all the measurements.

Condensation procedures were executed manually in the
same manner as routine laboratory work. All the specimens
were fabricated by the same operator. The porcelains were fired
according to the manufacturer’s recommendations.

In VITA Omega 900 specimens, a 0.1 mm layer of opaque
dentin was applied in addition to translucent dentin and enamel as
recommended by the manufacturer. However, the total thickness of
the porcelain was equal to 1.0 mm as were the other specimens.
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Table 2. Percentages of dentin and enamel translucent porcelain calculated at
45% of the length of a central incisor starting from the incisal margin.

Dentin Enamel
Porcelain system porcelain porcelain
VITA Omega 900 10% opaque dentin + 80% dentin 10%
Duceram Kiss 80% 20%
Wieland Reflex 80% 20%
Ivoclar IPS d.SIGN 50% 50%

Fig. 2. Custom made cylindrical device.

Fig. 3. Clinical spectrophotometer VITA Easyshade.

All the specimens were subjected to four firings. No glazing
cycle was performed. The porcelain surface was not polished
because the adopted spectrophotometer is designed to avoid the
influence of specular reflection, so glazing and polishing do not
interfere with the measurements.”’

Color of dental materials is expressed in “L*, a* 6 b*”
coordinates according to the CIELab color space. “L*” value
represents the brightness, “a*” value represents the redness or
greeness and “b*” value represents the yellowness or blueness.
The color difference of two objects can be calculated
comparing the differences between respective coordinates
applying the formula proposed by Clarke:™

AE = [(AL*)* + (Aa*)* + (Ab*)* ]

In the present study the threshold value of AE < 3.7 for a
clinical color match was adopted as suggested in the literature.’'

Color measurements were made by a clinical spectro-
photometer Easyshade® (Fig. 3). The instrument has already
stored the data for the Vitapan Classical shade guide.

The instrument utilizes a 20 Watt halogen stabilized
tungsten filament lamp. The Easyshade probe contains multiple
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Table 3. Delta E values recorded by the spectrophotometer.

Ceramic ~ Omega 900  Duceram Kiss  Ivoclar dSIGN Wieland

Shade A2 A3 A35 A2 A3 A35 A2 A3 A35 A2 A3 A35

AE 29 39 20 20 34
values 34 42 21 24 36
29 39 20 20 35

42 35 37 47 12 39 49
43 35 39 47 14 42 50
40 32 35 46 16 44 48

receiver fiber optics spaced at different distances from the light
source, coupled to two spectrometers, which varies the effective
depth of the color measurement within a tooth or ceramic
restoration. As a result, the path lengths of the light rays are
different for the two spectrometers. The spectral resolution is
25 nm over the visible light range from 400 nm to 700 nm. The
spectrophotometer makes up to 50 measurements per second.*

Corciolani ez al’* previously assessed the repeatability of
color reading ability of the Vita Easyshade and as suggested the
instrument was secured to a stand in order to have a repeatable
position for the readings. Five readings were made for every
sample and a mean was calculated.

Delta E wvalues, calculated by the spectrophotometer
according to the formula proposed by Clarke™ were statistically
analyzed. The normality of the distribution in the groups was
preliminarily checked using the Kolmogorv-Smirnov test. Two
one-way ANOVA tests were applied assuming first the values
of AE as the dependent variable and the shade selected as factor
and then the values of AE as the dependent variable and the
ceramic system selected as factor. The level of significance was
set at P< 0.05. Tukey HSD test was applied for post-hoc
comparison where needed.

Results

The values recorded by the spectrophotometer are reported
in Table 3. Values of AE ranged between 1.2 and 5.0. Shade
clinical matching (AE < 3.7) was recorded for shade A2 in all
the ceramic systems, for shade A3 in Duceram Kiss and Ivoclar
IPS specimens and for shade A3.5 only in Vita Omega 900
specimens. All the other specimens failed to achieve shade
matching.

The means of AE values calculated for the ceramic system
and for the shade are shown in Table 4. The means for the four
ceramic systems were 3.03; 3.27; 3.92 and 3.49 regardless of
the shades. VITA Omega 900 obtained the best average shade
matching. However ANOVA analysis showed no statistically
significant differences (P> 0.05) between the porcelain brands.

One-way ANOVA showed that the ceramic shade signifi-
cantly influenced the AE values (P< 0.05). Post-hoc comparison
among the ceramic shades further revealed that values of AE of

A2 (a) shade were comparable and significantly better if
compared to shades A3 (b) and A3.5 (b).

Discussion

This study compared the color differences of fired porcelain
compared to the shade guide Vitapan Classical. The stratifica-
tion of the porcelain was executed in accordance to the
diagrams retrieved by the manufacturers’ instructions for
central incisors, calculated at 45% of the length of a central
incisor starting from the incisal margin. For this study, it was
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Table 4. Means of AE values horizontally according to the ceramic system and
vertically according to the shade.

Shade

Ceramic system A2 A3 A3.5 Mean
VITA Omega 900 3.07 4.00 2.03 3.03
Duceram Kiss 2.13 3.50 4.17 3.27
Ivoclar dSIGN 3.40 3.70 4.67 3.92
Wieland Reflex 1.40 4.17 4.90 3.49
Mean 2.50 3.84 3.94

Significance a b b

decided to use flat disk-shaped specimens in order to provide
uniform thicknesses of the ceramic layers. Tooth shaped speci-
mens employed in other studies," allow light reflection similar
to clinical conditions, but hardly allow uniform thicknesses of
porcelain. It is well documented in the literature that thickness
of porcelain is one of the main sources of shade mis-
match.*'*"*'*!7 In the present study a uniform thickness of 1.0
mm was obtained for all the specimens. The use of a set
thickness allows for a defined condition under which the color
differences can be quantified and porcelain brands can be
compared. The use of 1.0 mm thickness is representative of the
usual clinical conditions and has been accepted for porcelain
translucency.”®

Several studies provide information regarding clinical
color-matching tolerance. Vichi ez al*® reported the value of AE
< 1 as not appreciable by the human eye. Johnston & Kao®'
determined clinically acceptable shade matching in oral
conditions for AE up to 3.7.

For shade A2 all the porcelain brands showed values of AE
below or equal to 3.7 and therefore clinically acceptable. This
result was also confirmed by one-way ANOVA test, where a
statistically significant difference was found (P< 0.05). Post-
hoc test assessed the closest color correspondence with
standards for A2 shade (a) rather than A3 and A3.5 shades (b)
(Table 4). Therefore, the null hypothesis must be rejected
because only specimens in A2 shade for all ceramic systems, in
A3 shade for Duceram Kiss and Ivoclar IPS and in A3.5 shade
for Vita Omega 900 were able to clinically match the intended
shade achieving AE < 3.7, while all the other specimens failed
to achieve shade matching.

The use of a layered porcelain (opaque, body and incisal)
was preferred because of the similarity to the clinical condition.
In previous studies’** double layer porcelain was found to
produce differences in color when compared to single layer
samples. Different porcelain systems seem to require different
proportions in terms of thickness of porcelain layers. Such
variation in adjunct to variation of powder content, is a great
source of color variation.

One of the limitations of this type of investigation is the
limited information available from the manufacturers regarding
the amount of opaque, body and incisal porcelain necessary to
obtain the desired shade. In the present study the stratification
was based on the diagrams retrieved from the manufacturers’
instructions, but it is unknown what the degree of accuracy of
such diagrams is.

Future investigations should address other shades (B, C, and
D) of the VITA scale, and establish if by varying the percentage
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of incisal and body translucent porcelain, better shade matching

can be achieved. The role in shade matching of opaque

modifiers and opaque dentin should also be clarified.
According to the results of the present investigation, it may

be concluded that the indications given from the manufacturer

to help the technician to obtain the color match between the

selected shade and the final restoration are very limited, and not

sufficient to avoid color mismatch. Even if the right color

selection is made, the fabrication of restoration color is still not

a completely predictable procedure.
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