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SUMMARY

The aim of the present study was to evaluate the effect of individual manipulative 
variations on the thickness and color values of opaque porcelain layers applied 
by different dental technicians. A total of 11 dental technicians applied opaque 
porcelain onto prepared metal specimens (n=10). The thicknesses of these opaque 
porcelain layers were measured with an ultrasonic device, and color values 
were evaluated using a spectrophotometer. Obtained values were compared 
with those of the control group specimens (n=10), which were fabricated by a 
prosthodontist. Opaque porcelain thickness values of metal specimens applied by 
10 dental technicians were significantly different than those of the control group. 
Color values of opaque porcelain layer applied by nine dental technicians were 
significantly different than those of the control group. It was concluded that the 
opaque porcelain layer thickness and color values may be affected by individual 
manipulative variations by the different dental operators according to results of 
present study.

Key Words: Opaque porcelain layer, dental technician, manipulative variables.

ÖZET

Farklı dental teknisyenler tarafından uygulanan opak porselen tabakasının 
kalınlık ve renk özelliklerinin incelenmesi

Bu çalışmanın amacı, kişisel uygulama farklılıklarının, farklı diş teknisyenleri 
tarafından tatbik edilen opak porselen tabakasının kalınlık ve renk değerlerine 
olan etkisinin değerlendirilmesidir. Çalışma için toplam 11 diş teknisyeni, 
önceden hazırlanmış metal örneklere (n=10) opak porselen uyguladılar. Opak 
porselen tabakası kalınlıkları bir ultrasonic ölçüm cihazı ile, renk değerleri ise 
spektrofotometre cihazı ile saptandı. Elde edilen değerler, bir prostodontist 
tarafından üretilen örneklerin oluşturduğu kontrol grubu değerleri ile karşılaştırıldı. 
10 diş teknisyeni tarafından uygulanan opak porselen tabakası kalınlık değerleri 
control grubundan anlamlı bir şekilde farklı bulunmuştur. Dokuz diş teknisyenin 
uyguladığı opak porselen tabakası renk değerleri control grubundan anlamlı bir 
şekilde farklıdır. Bu çalışmanın sonuçlarına gore, opak porselen tabakası kalınlığı 
ve renk değerleri, kişisel uygulama faklılıklarından etkilenebilmektedir.

Anahtar Kelimeler: Opak porselen tabakası, diş teknisyeni, uygulama farklılıkları.

Introduction
Despite the increasing popularity of all-ceramic systems, 

metal-ceramic restorations (MCRs) are still the leading treat-
ment option for fixed restorations (1-3). The combination of 
aesthetic and mechanical strength with low cost is one of the 
most important reason underlying the great success of MCRs 
since they emerged in the 1950s (4,5). In fact, quite aesthetic 
MCRs may be produced by talented dental technicians, des-
pite some optical disadvantages of their metal substructures 
(6). Clearly, accurate use of different materials and fabrication 
techniques is crucial for a successful MCR as all prosthetic 
applications. 

An MCR is composed of at least three different layers of 
dental porcelain, each having different opacities, translucenci-
es, shades, and thicknesses to provide a quite natural appe-
arance (7,8). These layers are opaque porcelain (OP), body 
porcelain (BP), and incisal porcelain (IP), and applied in a set 
sequence to the metal substructure (7-9). To obtain completely 
masked metal substructure, application of OP are generally 
made in two stages (10,11). It has been reported that thick-
ness of the layer should not exceed 0.1 mm for base metal 
alloys at the end of the OP application (11). On the other hand, 
a thicker OP layer may be required to mask the surface shade 
of some dental alloys that ensues from a darker oxide layer 
(11). Under the circumstances, an aesthetically pleasing ap-
pearance may become impossible because of overcontouring 
paradoxically caused by attempting a more aesthetic restora-
tion (11). In fact, overcontouring results in increased ceramic 
layer thickness, and it is known that the thickness of different 
ceramic layers may influence the final shade of a MCR (8,12).

Besides the thicknesses of the different porcelain layers, 
countless variables such as the type of dental alloy, applicati-
on method, slurry preparation method, powder/likit ratio of the 
porcelain slurry, condensation technique, and number of firings 
may affect the physical properties or the final color of MCRs 
(1,5,8,13-16). The influences of various application techniques 
or materials types on the color properties of MCRs have been 
extensively investigated. However, considering the whole 
complex fabrication process, it seems clear that the mechani-
cal and aesthetic success of an MCR could be affected by not 
only technique or material selection but also uncontrolled vari-
ables arising from disparities in dental technicians’ experience 
or skill (12). Unfortunately, there is very sparse data regarding 
emerging changes on the specific properties of MCRs caused 
by interpersonal differences among technicians. 

The most challenging issue in prosthetic dentistry is to en-
sure the initially predicted shade in the final restoration. That Makalenin Geliş Tarihi: 20.01.2014 • Kabul Tarihi: 19.06.2014 • Çevrim İçi Basım Tarihi: 27.12.2014
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could create troubles for even a skilled, experienced tech-
nician. However, no published study assessing the effect of 
dental technician differences on the final shades of OP, BP, 
and IP layers in MCRs exists in the literature. 

The aim of the present study was to determine whether or 
not the applications executed by different dental technicians 
affect OP layer thickness and color properties. The null hypot-
hesis was that individual variables among dental technicians 
may cause differences in OP layer thickness and color values, 
even if the same materials and laboratory conditions are used.

Materials and Methods
This study was approved by the Ethic Committee of Gül-

hane Military Medical Academy in Ankara, Turkey (October 
2012), and executed in accordance with the Helsinki Declara-
tion (1975), as revised in 2008. 

A total of 11volunteer dental technicians participated in this 
study. All participants gave written informed consent. Partici-
pation criteria were as follows:

- Absence of color-vision deficiency or any serious visual 
impairment

- Absence of any neuromuscular disorders

- Having at least 5 years’ dental technician experience 

- Aged between 30 and 55

The methodology was designed in five stages as follows:

- Production of a stainless steel mold and use of that mold to 
fabricate disc-shaped metal substructures (MSs)

- OP application on MSs by different dental technicians

- Measurement of the thickness of OP layers from the sur-
face of MSs

- Spectrophotometric analysis of OP layers

- Statistical analyses of obtained data

Mold Production and Disc-Shaped MSs Fabrication

A total of 120 disc-shaped MSs with a diameter of 12.5 mm 
and thickness of 2.75 mm were fabricated. A stainless steel 
mold was created to obtain standard wax patterns, which were 
used to cast the MSs. For this purpose, two stainless steel 
plates (length; 260 mm, width; 60 mm, thickness; 2.85 mm) 
were used. A total of 10 equidistant (4.5 mm) circles (Ø; 12.5 
mm) were concentrically drawn onto one of the metal plates 
via computer-aided design (BricsCAD® V12, Bricsys, Ghent, 
Belgium). These circles were subjected to laser cutting tech-
nology (Amada, CA, USA) so that 10 circular holes were cut in 
the body of the plate, and the plate was then cut in a straight 
line from the first hole to the last hole through the exact center 
of each. The laser cutting was continued with a single zigzag 
at each sides of the plate to construct a lock system. Finally, 
the laser cutting was completed linearly with zigzag slits to the 
end of the plate on each side. After the laser cutting process, 
two identical parts comprising a lock system for integrating se-
parate parts remained. The cut plate, which now consisted of 
two pieces, was placed onto the first plate, which was still in 
one piece. While both plates were superimposed, four screw 
holes, two on the left and two on the right side of the plates, 

were drilled and all of the screws driven into their respective 
holes. Each piece of the mold was cleaned for 10 minutes in 
an ultrasonic bath (Bandelin Sonorex Super RK 514/H, Ban-
delin Electronic, Berlin, Germany) with distilled water. Then, all 
of the parts were immersed in 80% ethyl alcohol for 10 minu-
tes, and ultrasonic cleaning was repeated for an additional 10 
minutes. Finally, all pieces were dried and assembled ready 
for use.

Figure 1. Stainless steel mold

The use of occlusal wax (Aroma Occlusal Wax, Bego, Bre-
men, Germany) was preferred in the fabrication of the disc-
shaped wax patterns to avoid distortion during the sprueing 
and investing procedures. Occlusal wax was melted and drop-
ped into the holes of the mold, and the upper surfaces of the 
wax patterns were cleaned with ethyl alcohol after cooling to 
provide completely smooth OP-bearing surfaces without any 
scratches. Later, the wax patterns were retrieved from their 
holes and carefully inspected by two prosthodontists with re-
gards to smoothness, finish, and contours. Wax patterns that 
had deformed contours and finishes or uneven surfaces were 
excluded from the study and refabricated.

Figure 2. Wax patterns obtained with occlusal wax dropping.

All of 120 wax patterns were sprued and given a phosphate-
bonded investment (Castorit Super C, Dentaurum, Ispringen, 
Germany). After the investment set, a base metal alloy (Rema-
nium CSe, Dentaurum, Ispringen, Germany) was cast in the 
cavities of wax patterns obtained via the lost wax technique. 
The alloy was melted with a high-frequency induction heating 
system, and cast with a centrifugal machine (Bego Fornax 
GEU, Bremen, Germany). After divesting, the sprues were cut 
off, and ultrasonic cleaning was performed to remove small 
investment particles from the surfaces of the metal specimens. 

Piskin et al. 
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Casting burrs were eliminated with sintered diamond burrs, 
and the OP-bearing surfaces of the metal discs were ground 
with 400- and 600-grit silicone carbide abrasive paper. The 
diameters and thicknesses of all specimens were controlled 
by two prosthodontists from six reference (three for thickness, 
three for diameter) points using a digital caliber (TL2610 Di-
gital Caliber, Tarot RC, San Diego, CA, USA ), and any spe-
cimens that were out of order were excluded from the study 
and refabricated. All metal discs were exposed to ultrasonic 
cleaning for 10 minutes and dried. Afterwards, the OP-bearing 
surfaces of the metal discs were sandblasted with 50 µm alu-
minum oxide particles (Korox 50, Bego, Bremen, Germany) 
and steam cleaned. Initial oxidation treatments were perfor-
med after sandblasting.

Finally, 120 metal structures (MSs) were randomly assigned 
to 12 experimental groups (n=10). A total of 110 MSs were 
randomly distributed to 11 dental technicians, 10 each. The 
first letters of the technicians' names were marked onto the 
backside of each MS. The remaining 10 MSs were kept as a 
control group (CG), and the first letter of the group name was 
written onto the backs of these. All of the MSs were numbered 
from 1 to 120. 

Application of the OP Layer
A 0.1 mm thick OP layer was applied to the MSs of the CG. 

The OP application of was performed by the same prostho-
dontists, in two stages. B1 shade OP paste (IPS Inline Opaqu-
er, Ivoclar, Vivadent, Schaan, Liechtenstein) and opaque liquid 
(IPS Inline Opaque Liquid, Ivoclar, Vivadent, Schaan, Liech-
tenstein) were used to prepare OP slurry.At first, the OP paste 
material was diluted with its liquid, and the relevant surfaces 
of the MSs were wetted with the first layer of OP, using special 
opaque porcelain brushes (B-260, BK-Medent Co., Ltd, Buk-
gu Daegu, South Korea), and then fired under vacuum (Ivoclar 
Programat P20, Ivoclar, Vivadent, Schaan, Liechtenstein) as 
recommended by the manufacturer. In the second stage, pre-
cise masking of the MSswas performed witha more viscous 
OP, and firing was repeated. After the OP application to the 
MSs of the CG was complete, the OP thicknesses were me-
asured with an ultrasonic measurement device (UMD). MSs 
with OP-layer thickness values of 0.1 ± 0.01 mm were exclu-
ded from the study and refabricated.

Afterwards, each dental technician applied OP material onto 
the surface of 10 MSs under the same laboratory, equipment, 
and materials conditions as the CG. The technicians worked 
without any counseling about their materials or techniques. 
After the OP applications were finished, the OP thicknesses 
were again measured. 

Figure 3. Opaque porcelain applied metal specimens

Thickness Measurement of OP Layers
An ultrasonic measurement device (UMD) (Elcometer, El-

cometer Inc, MI, USA) with 0.01 mm precision was used to 
measure the thickness es of the OP layers. The UMD was 
calibrated using the 120 µm thick calibration foil (Figure 4). 
After the calibration, UDM was positioned at the center of each 
MS, and three measurements were performed consecutively 
by the same practitioner and the results registered. 

Figure 4. Calibration of the UMD before OP layer thickness 
measurement 

 OPL Spectrophotometric Measurements.

The ColorFlex EZ (HunterLab, Hunter Associates Labora-
tory, Inc., VA, USA) spectrophotometer was used for spect-
rophotometric measurements of the MSs. All measurements 
considered CIEL*a*b* color space (in which the brightness 
is shown with L*, red-green chromacy with a*, and yellow-
blue chromacy with b*) in the present study. Before measu-
rements, the spectrophotometer was calibrated according to 
the manufacturer’s instructions with ceramic tiles. All mesu-
rements were performed under a D65-type illuminant with 10º 
observation angle conditions. The measurement geometry of 
the spectrophotometer was 45/0. After calibration, specimens 
were placed into negative cavities located in the optical cavity 
of the spectrophotometer. The spectrophotometer was cove-
red with its cap, and initial measurements were performed. 

Spectrophotometric measurements were performed in two 
stages. Initial spectrophotometric measurements were taken 
from the relevant surfaces of the MSs, before OP applications. 
The spectrophotomer was set to perform three measurements 
for each specimen and average values were recorded. After 
completion of the initial measurements, average L*, average  
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a*, and average b* values of all 120 MSs were calculated. 
Afterwards, L*a*b* values of each MS were compared with 
theaverage L*a*b* value of all of the MSs, and ΔE values were 
calculated. MSs with ΔE values lower than 0.2 were exclu-
ded from the study to ensure color standardization before final 
spectrophotometric measurements. For the calculation of ΔE 
values, the following formula was used:

ΔE=[ (L*1-L*2) ²+(a*1-a*2) ²+(b*1-b*2) ] ½

Final spectrophotometric measurements were performed 
after OP application to the MSs surfaces. The calibration was 
re-adjusted before the measuring each groups. As before, 
the spectrophotomer was set to perform three measurements 
for each specimen, and average values were recorded. The 
L*a*b* values of the 11 experimental groups were compared 
with those of the CG, and ΔE values were calculated. 

The obtained ΔE values have been quantified by National 
Bureau of Standards (NBS) units to match color differences 
for the clinical conditions (NBS units: clinically acceptable level 
< 3.0) (17). The NBS units were calculated by the following 
formula: 

NBS Units = ΔE* × 0.92

Statistical Analyses 

The Statistical Package for Social Sciences software prog-
ram (SPSS 15.0) was used for statistical analyses. Obtai-
ned data were subjected to descriptive analysis, and ANOVA 
analysis was performed to compare the groups. Dunnett’s test 
was used for multiple comparisons. The effect of OP thickness 
on OP-layer color was evaluated with the Pearson correlation 
test.

Results

Average L*a*b* values (avegare L*, 9.499; average a*, 
0.462; average b*, 0.276) of all 120 MSs were calculated af-
ter the initial spectrophotometric evaluation. All 120 ΔE values 
obtained from comparing the average L*a*b* value with each 
MSs are presented in Tables 1 and 2.

Table II. ΔE values obtained by comparing average L*a*b* values and L*a*b* values of 
metal specimens for groups T6, T7, T8, T9, T10, and T11.

T6 ΔE T7 ΔE T8 ΔE T9 ΔE T10 ΔE T11 ΔE

61 0,062 71 0,120 81 0,080 91 0,054 101 0,079 111 0,074

62 0,054 72 0,119 82 0,062 92 0,115 102 0,137 112 0,126

63 0,056 73 0,082 83 0,079 93 0,091 103 0,060 113 0,054

64 0,084 74 0,071 84 0,082 94 0,061 104 0,043 114 0,096

65 0,050 75 0,070 85 0,064 95 0,121 105 0,028 115 0,006

66 0,152 76 0,062 86 0,034 96 0,077 106 0,056 116 0,095

67 0,120 77 0,024 87 0,086 97 0,084 107 0,072 117 0,067

68 0,122 78 0,053 88 0,092 98 0,033 108 0,076 118 0,031

69 0,088 79 0,063 89 0,065 99 0,063 109 0,080 119 0,094

70 0,077 80 0,031 90 0,088 100 0,028 110 0,081 120 0,039

Geometric averages of each group’s ΔE value were calcula-
ted, and the results subjected to descriptive analyses as desc-
ribed in Table 3.

Table III. Descriptive statistics of ΔE values

Group n Mean Minimum Maximum St. Dev.

CG 10 0,0897 0,04 0,14 0,034

T1 10 0,0720 0,04 0,12 0,023

T2 10 0,0676 0,03 0,13 0,035

T3 10 0,0638 0,01 0,11 0,032

T4 10 0,0625 0,03 0,11 0,028

T5 10 0,0719 0,03 0,11 0,031

T6 10 0,0865 0,05 0,15 0,034

T7 10 0,0695 0,02 0,12 0,031

T8 10 0,0732 0,03 0,09 0,017

T9 10 0,0727 0,03 0,12 0,031

T10 10 0,0712 0,03 0,14 0,029

T11 10 0,0682 0,01 0,13 0,036

Total 120 0,0724 0,01 0,15 0,030

OP-layer thickness values of the CG and 11 experimental 
groups are depicted in Tables 4 and 5. 

Table IV. OP-layer thickness values of groups CG, T1, T2, T3, T4, and T5.
CG µ T1 µ T2 µ T3 µ T4 µ T5 µ
1 100 11 140 21 100 31 200 41 160 51 200
2 100 12 190 22 100 32 130 42 160 52 140
3 100 13 160 23 140 33 160 43 200 53 140
4 100 14 150 24 150 34 190 44 170 54 140
5 100 15 110 25 110 35 220 45 170 55 130
6 100 16 110 26 140 36 160 46 150 56 190
7 100 17 160 27 130 37 180 47 160 57 120
8 100 18 150 28 120 38 220 48 190 58 130
9 100 19 150 29 110 39 220 49 130 59 150
10 100 20 110 30 180 40 170 50 170 60 170

Table V. OP-layer thickness values of groups T6, T7, T8, T9, 
T10, and T11.

Table V. OP-layer thickness values of groups T6, T7, T8, T9, T10, and T11.

T6 µ T7 µ T8 µ T9 µ T10 µ T11 µ

61 210 71 290 81 170 91 160 101 160 111 170

62 140 72 240 82 150 92 170 102 150 112 160

63 180 73 190 83 120 93 180 103 160 113 160

64 170 74 230 84 160 94 170 104 170 114 170

65 170 75 210 85 130 95 140 105 200 115 160

66 170 76 220 86 150 96 180 106 140 116 180

67 130 77 240 87 150 97 150 107 160 117 180

68 200 78 250 88 150 98 190 108 140 118 160

69 120 79 190 89 160 99 190 109 210 119 180

70 190 80 230 90 140 100 150 110 180 120 160

Piskin et al. 

Table I. ΔE values obtained by comparing average L*a*b* values and L*a*b* values of MSs 

for groups CG, T1, T2, T3, T4, and T5.

CG ΔE T1 ΔE T2 ΔE T3 ΔE T4 ΔE T5 ΔE 

1 0,048 11 0,068 21 0,061 31 0,060 41 0,095 51 0,073

2 0,078 12 0,070 22 0,063 32 0,013 42 0,067 52 0,047

3 0,140 13 0,081 23 0,025 33 0,106 43 0,106 53 0,109

4 0,106 14 0,097 24 0,060 34 0,012 44 0,099 54 0,042

5 0,128 15 0,119 25 0,036 35 0,078 45 0,051 55 0,112

6 0,051 16 0,063 26 0,112 36 0,065 46 0,059 56 0,081

7 0,043 17 0,049 27 0,039 37 0,102 47 0,034 57 0,046

8 0,092 18 0,078 28 0,048 38 0,089 48 0,037 58 0,032

9 0,089 19 0,051 29 0,100 39 0,055 49 0,035 59 0,114

10 0,122 20 0,044 30 0,132 40 0,058 50 0,042 60 0,063
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Descriptive statistics obtained from the geometric averages of 
each group are given in Table 6.

Table VI. Descriptive statistics of experimental groups.

Group n Mean Minimum Maximum St. Dev.

CG 10 100 100 100 100

T1 10 143 110 190 26,26

T2 10 128 100 180 25,29

T3 10 185 130 220 30,64

T4 10 166 130 200 19,55

T5 10 151 120 200 26,85

T6 10 168 120 210 29,73

T7 10 229 190 290 29,60

T8 10 148 120 170 14,75

T9 10 168 140 190 17,51

T10 10 167 140 210 23,59

T11 10 168 160 180 9,18

Total 120 160 100 290 37,20

After the L*a*b* values of each specimen were obtained via 
final spectrophotometric evaluation of the OP surfaces, the 
L*a*b* values of each CG specien were compared one by one 
with the other 119, and ΔE values obtained. Geometric avera-
ges of these ΔE values for each experimental group were cal-
culated and the data subjected to descriptive analysis. Results 
are presented in Table 7. 

Table VII. Descriptive statistics of ΔE values after OP application

Group n Mean Minimum Maximum St. Dev.

CG 10 0,2680 0,22 0,36 0,0518

T1 10 0,7662 0,55 0,84 0,0569

T2 10 0,5115 0,28 0,78 0,1941

T3 10 0,7965 0,67 0,99 0,1230

T4 10 1,2558 1,06 1,59 0,1714

T5 10 1,2509 0,93 1,63 0,2758

T6 10 1,1253 0,87 1,40 0,1904

T7 10 0,4856 0,36 0,61 0,0884

T8 10 0,5310 0,47 0,62 0,0432

T9 10  1,2761 0,94 1,62 0,2627

T10 10 0,7236 0,68 0,76 0,0228

T11 10 0,5595 0,38 0,79 0,1570

Total 120 0,7958 0,22 1,63 0,3689

After this, the data were evaluated using analysis of varian-
ce (ANOVA) as shown in Table 8. The confidence level was 
set at 95% (p<0.05).

Table VIII. ANOVA results of analyzed data.

p*

ΔE values of MSs 0,747

Thicknesses of OP Layers 0,000

ΔE values of OP Layers 0,000

No statistical significance was found among L*a*b*values 
obtained from color measurements performed on MSs sur-
faces before OP application.After OP application, significant 
differences were found in the color and thickness values of 
the specimens. These were assessed with a Dunnett’s test. 
Results are listed in Table 9.

Table IX. OP thickness comparisons between groups (significance level: p< 0.05)

CG T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

T1 0,04

T2 0,484 1,000

T3 0,000 0,005 0,000

T4 0,000 1,000 0,022 1,000

T5 0,000 1,000 1,000 0,081 1,000

T6 0,000 1,000 0,011 1,000 1,000 1,000

T7 0,000 0,000 0,000 0,003 0,000 0,000 0,000

T8 0,001 1,000 1,000 0,031 1,000 1,000 1,000 1,000

T9 0,000 1,000 0,011 1,000 1,000 1,000 1,000 0,000 1,000

T10 0,000 1,000 0,015 1,000 1,000 1,000 1,000 1,000 1,000 1,000

T11 0,000 1,000 0,011 1,000 1,000 1,000 1,000 0,000 1,000 1,000 1,000

Differences among experimental group data obtained with 
OP-layer color measurements were also evaluated with the 
Dunnett’s test (Table 10). 

Table X. Comparison of OP-layer color differences among groups (significance level; p<
0.05)

CG T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

T1 0,000

T2 0,059 0,035

T3 0,000 1,000 0,008

T4 0,000 0,000 0,000 0,000

T5 0,000 0,000 0,000 0,000 1,000

T6 0,000 0,000 0,000 0,001 1,000 1,000

T7 0,188 0,010 1,000 0,002 0,000 0,000 0,000

T8 0,023 0,086 1,000 0,020 0,000 0,000 0,000 1,000

T9 0,000 0,000 0,000 0,000 1,000 1,000 1,000 0,000 0,000

T10 0,000 1,000 0,237 1,000 0,000 0,000 0,000 0,075 0,525 0,000

T11 0,005 0,297 1,000 0,079 0,000 0,000 0,000 1,000 1,000 0,000 1,000

The effect of OP thicknesses on OP-layer color values of 
was evaluated with a Pearson correlation test, but no correla-
tion was found (r; 0.165). 

Discussion
According to the results of the present study, significant dif-

ferences were found in the thicknesses and color values of 
OP layers applied by different dental technicians, so the null 
hypothesis was accepted. 

Despite numerous studies in the literature evaluating the ef-
fects of different materials and fabrication techniques on the 
success of prosthetic restorations (5,18-21), the number of 
studies investigating the effect of individual manipulation vari-
ations among laboratory personnel on the prosthetic fabricati-
on process is very limited. 

The brush-on and spray techniques are the two main OP 
application methods used in a dental laboratory. In previous, 
similar studies, the OP layer application was generally per
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formed with the brush-on technique (9,14,15). In the present 
study, the brush-on technique was again used for OP layer 
application because dental technicians included in the present 
study were used to applying this technique in their professio-
nal lives. 

The preferred OP layer thickness was reported in the lite-
rature as between 0.1 and 0.3 mm (10,11). However, general 
agreement is that the optimal OP-layer thickness is about 100 
microns in order to mask the metal substructure and provide 
an essential color for the restoration (11,22,23). Because of 
this the control group’s specimens had OP layers 100 mic-
rons thick. Ensuring a standard OP layer in MCRs is crucial 
to have sufficient spacing for the aesthetic veneering materia-
land meet aesthetic requirements. OP thicknesses exceeding 
100 microns may generate problems in establishing a BP-
layer thickness of 0.8–1.0 mm and in creating optical proper-
ties required for a natural appearance. Establishing an initial 
bond between the BP and MS layers and providing bonding 
strength to the restoration are other important functions of the 
OP layer’s substructure (5,9). It has been reported that firing 
temperature and OP-layer thicknesses may affect an MCR’s 
bonding strength (24,25). The present study indicated that 
OP layers formed by different dental technicians may result in 
statistically significant differences; thus, the average OP-layer 
thickness values among the 10 experimental groups showed 
statistically significant differences compared to the CG, except 
Group T2.The comparison among these experimental groups 
also revealed significant thickness differences.

The appearance and color properties of a ceramic resto-
ration may be affected by a variety of factors that may arise 
because of material or method differences. Thickness differen-
ces in the porcelain layers, surface finishing procedures, the 
number of firings, and surface staining were the most frequ-
ently investigated ones (26-32). Moreover, there are studies in 
the literature reporting that different metal substructures may 
affect the final shade of restorations (33,34). In the present 
study, the ability of color differences in the metal substructures 
to affect OP-layer color were evaluated, while the base metal 
alloy type and the fabrication technique were kept constant. 
Data obtained from spectrophotometric measurements of the 
MSs revealed no significant difference among the 120 metal 
specimens. Probable color differences in the OP layers origi-
nating from MSs were minimized. The OP-layer application by 
different dental technicians on metal specimens with equali-
zed color characteristics was possible only after realizing such 
a standardization. The results of the present study showed 
that the color properties of OP layers applied by different den-
tal technicians were significantly variable.Nine experimental 
groups displayed significant color differences compared to the 
control group, except groups T2 and T7. Significant differen-
ces were observed among the experimental groups; however, 
these were under the critical ΔE value of 2.6, the lower limit of 
human visual perceptibility. Additionally, no correlation betwe-
en color differences and OP-layer thicknesses of was found. 

On the other hand, the color characteristics of an object are 
highly dependent on its surface properties. There are some 
studies emphasizing that the changes in surface texture of 

restorative materials may significantly affect their optical and 
color properties (21,35-37). Regarding the present study, color 
differences in OP layers may originate from surface variations.
Indeed, while the OP-layer thickness of group T7 was signi-
ficantly higher than that of the control group, group T7 was 
one of the two experimental groups (T7 and T2) which did not 
show significant color differences compared to the CG. We 
do not have any data about the surface characteristics of OP 
layers to confirm this though. The amount of additional liquid 
used in preparing the OP material may also have an effect on 
color values. Unfortunately, no information is available in the 
English literature regarding the potential effects of excessive 
liquid on the color value of an OP layer. For whatever reason, 
however, color differences among these OP layers are statis-
tically significant. Thus, the influence of OP color on the final 
color of BP and IP layers should be evaluated in future studies. 
There are important limitations for the present study. One of 
these is that only one application technique was considered. 
It would be more informative to evaluate the operator differen-
ces with different forms of OP application such as powders, 
liquids, or sprays. The second limitation is that there is nothing 
in the literature evaluating the effect of manipulative variati-
ons of different dental operators on dental restorations. This 
fact not only affected the initial planning of the materials and 
methods of this study but also complicated the discussion of 
obtained results. Finally, the tests in the present study were 
performed on flat metal surfaces, but an MCR rarely displays 
smooth surfaces. Thus, OP-layer thicknesses applied onto 
curved metal substructures may lead to differences. However, 
the findings of the present study could shed light in evaluating 
the effects of individual dental technicians’ manipulations on 
dental restorations.

Within the limitations of the present study, the following 
items were observed:

1. Significant OP layer thickness differences were found 
among the experimental groups. 

2. Significant but not visually perceptible OP layer color dif-
ferences were found among the experimental groups. 

3. No correlation existed between OP layer thickness diffe-
rences and color differences. 
Finally, increased OP layer thickness may result in insufficient 
space for BP and IP layers, and this may cause unacceptab-
le clinical appearance of completed restorations. But how the 
different thicknesses in OP layer effect the appearance of the 
restoration should be invetsigated with further studies.

References
1. Douglas RD, Przybylska M. Predicting porcelain thickness 

required for dental shade matches. Journal of Prosthetic 
Dentistry 1999;82:143-9.

2. Venkatachalam B, Goldstein GR, Pines MS, Hittelman EL. 
Ceramic pressed to metal versus feldspathic porcelain fu-
sed to metal: a comperative study of bond strength. Inter-
national Journal of Prosthodontics 2009;22:94-100.

3. Motta AB, Pereira LC, da Cunha ARCC. All-ceramic and 
porcelain-fused-to-metal fixed partial dentures: a compa-
rative study by 2D finite element analyses. Journal of App-
lied Oral Science 2007;15:399-405.

4. Scolaro JM, Pereira JR, do Valle AL, Bonfante G, Pegoraro 
LF. Comparative study of ceramic-to-metal bonding. Brazi-

Piskin et al. 



       Aralık  2014 • Gülhane Tıp Derg • 205Cilt 56 • Sayı 4 Cilt 56 • Sayı 4 

lian Dental Journal 2007;18:240-3.
5. Jörn D, Waddell JN, Swain MV. The influence of opaque 

application methods on the bond strength and final shade 
of PFM restorations. Journal of Dentistry 2010;38:143-9.

6. Craig RG, Powers JM. Restorative dental materials. 11th 
ed., Missiouri:Mosby, Inc, 2002:550-551.

7. O’Brein WJ, Boenke KM, Groh CL. Evaluation of some 
properties of an opaque porcelain fired simultaneously 
with the body porcelain. Journal of Prosthetic Dentistry 
1994;72:414-9.

8. Dozic A, Kleverlaan CJ, Meegdes M, van der Zel J, Feilzer 
AJ. The influence of porcelain layer thickness on the final 
shade of ceramic restorations. Journal of Prosthetic Den-
tistry 2003;90:563-570.

9. Wood MC, Thompson GA, Agar JR. A comparison of de-
bonding strengths of four metal-ceramic systems with and 
without opaque porcelain. Journal of Prosthetic Dentistry 
2007;97:141-9.

10. Shillingburg HT. Fundamentals of fixed prosthodontics. 3rd. 
ed. Illinois: Quintessence Publishing Co, Inc, 1997:471-
472.

11. Rosenstiel SF, Land MF, Fujimoto J. Contemporary Fixed 
Prosthodontics. 3rd. ed. St. Louis: Mosby, Inc; 2001:620-
621.

12. Jarad FD, Moss BW, Youngson CC, Russell MD. The ef-
fect of enamel porcelain thickness on color and the ability 
of a shade guide to prescribe chroma. Dental Materials 
2007;23:454-60. 

13. Pelaez-Vargas A, Dussan JA, Restrepo-Tamayo LF, Pau-
car C, Ferreira JA, Monteiro FJ. The effect of slurry prepa-
ration methods on biaxial flexural strength of dental porce-
lain. Journal of Prosthetic Dentistry 2011;105:308-14.

14. Yilmaz B, Özçelik TB, Wee AG. Effect of repeated firings 
on the color of opaque porcelain applied on different dental 
alloys. Journal of Prosthetic Dentistry 2009;101:395-404

15. Ozcelik TB, Yilmaz B, Ozcan I, Kircelli C. Colorimetric 
analysis of opaque porcelain fired to different base metal 
alloys in metal ceramic restorations. Journal of Prosthetic 
Dentistry 2008;99:193-202.

16. Zhang Y, Griggs JA, Benham AW. Influence of powder/liqu-
id mixing ratio on porosity and translucency of dental por-
celains. Journal of Prosthetic Dentistry 2004;91:128-35.

17. Moffa EB, Giampaolo ET, Izumida FE, Pavarina AC, Mac-
hado AL, Vergani CE. Color stability of relined dentures 
after chemical disinfection. A randomised clinical trial. Jo-
urnal of Dentistry 2011;39:65-71.

18. Rosentritt M, Kolbeck C, Handel G, Schneider-Feyrer S, 
Behr M. Influence of the fabrication process on the in vitro 
performance of fixed dental prostheses with zirconia subs-
tructure. Clinical Oral Investigations 2011;15:1007-1012.

19. Xiang N, Xin XZ, Chen J, Wei B. Metal-ceramic bond 
strenght of Co-Cr alloy fabricated by selective laser mel-
ting. Journal of Dentistry 2012;40:453-7.

20. Monaco C, Cardelli P, Bolognesi M, Scotti R, Ozcan M. 
Inlay-retained zirconia fixed dental prostesis: clinical and 
laboratory procedures. European Journal of Esthetic Den-
tistry 2012;7:48-60.

21. Wang H, Xiong F, Zhenhua L. Influence of varied surface 
texture of dentin porcelain on optical properties of porcelain 

specimens. Journal of Prosthetic Dentistry 2011;105:242-
8.

22. Culha O, Zor M, Gungor MA, Arman Y, Toparli M. Evalu-
ating the bond strength of opaque material on porcelain 
fused to metal restorations (PFM) alloys by stratch test 
method. Materials and Design 2009;30:3225-8.

23. McLean JW. The science and art of dental ceramics 
and their clinical usage. 1st ed. Chicago:Quintessence; 
1979:66-85.

24. de Vasconcellos LG, Buso L, Lombardo GH, et al. Opa-
que layer firing temperature and aging effect on the flexural 
strength of ceramic fused to cobalt-chromium alloy. Jour-
nal of Prosthodontics 2010;19:471-7.

25. Xu K, He F, Geng Y. The influence of different opaque 
thickness on the bond strength of porcelain-fused-to metal 
restoration. Shanghai Kou Qiang Yi Xue 2009;18:635-8.

26. Corciolani G, Vichi A, Louca C, Ferrari M. Influence of 
layering thickness on the color parameters of a ceramic 
system. Dental Materials 2010;26:737-42.

27. Uludag B, Usumez A, Sahin V, Eser K, Ercoban E. The ef-
fect of ceramic thickness and number of firings on the color 
of ceramic systems: an in vitro study. Journal of Prosthetic 
Dentistry 2007;97:25-31.

28. Yuzugullu B, Celik C, Erkut S, Ozcelik TB. The effects of 
extraoral porcelain polishing sequences on surface rough-
ness and color of feldspathic porcelain. International Jour-
nal of Prosthodontics 2009;22:472-5.

29. Sarac D, Sarac YS, Yuzbasioglu E, Bal S. The effects of 
porcelain polishing systems on the color and surface textu-
re of feldspathic porcelain. Journal of Prosthetic Dentistry 
2006;96:122-8.

30. Celik G, Uludag B, Usumez A, Sahin V, Celik G. The effect 
of repeated firings on the color of an all-ceramic system 
with two different veneering porcelain shades. Journal of 
Prosthetic Dentistry 2008;99:203-8.

31. Sahin V, Uludag B, Usumez A, Ozkir SE. The effect of re-
peated firings on the color of an alumina ceramic system 
with two different veneering porcelain shades. Journal of 
Prosthetic Dentistry 2010;104:372-8.

32. Cho MS, Lee YK, Lim BS, Lim YJ. Changes in optical pro-
perties of enamel porcelain after repeated external stai-
ning. Journal of Prosthetic Dentistry 2006;95:437-443.

33. Stevenson B, Ibbetson R. The effect of the substructure on 
the colour of samples/restorations veneered with ceramic: 
A literature review. Journal of Dentistry 2010;38:361-368.

34. Stavridakis MM, Papazoglu E, Seghi RR, Johnston WM, 
Brantley WA. Effect of different high-palladium metal-ce-
ramic alloys on the color of opaque porcelain. Journal of 
Prosthodontics 2000;9:71-76.

35. O’Brien WJ, Johnston WM, Fanian F, Lambert S. The sur-
face roughness and gloss of composites. Journal of Prost-
hetic Dentistry 1984;63:685-688.

36. Kim IJ, Lee YK, Lim BS, Kim CW. Effect of surface topog-
raphy on the color of dental porcelain. Journal of Materials 
Science: Materials in Medicine 2003;14:405-409.

37. Jarvis J, Zinelis S, Eliades T, Bradley TG. Porcelain surfa-
ce roughness, color and gloss changes after orthodontic 
bonding. Angle Orthodontist 2006;76:274-7.


