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Effect of Zirconia Pigmentation
on Translucency

ABSTRACT
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s Purpose: the aim of this study was to investigate the effect of shading on translu-
,Z,'.r conlat i cency and mean grain size of three Zirconia systems (Lava Frame, Ice Zirkon Trans-
Trlfrrgfgityzge lucent and Prettau Zirkon). Materials and Methods: specimens pigmented in Al, A4
Grain Size and a non-pigmented specimen was evaluated with Scanning Electron Microscopy

and spectrophotometery. Results: the transmittance ranged between 0.18 and 0.52,
Authors in lce Zirkon Translucent A4 and Prettau Zircon non-pigmented, respectively. The pig-

mentation AT and A4 significantly reduced the light transmission in all the systems
Isabel Gomes ® evaluated (p<0.05), with the exception of Lava Al. The light transmittance of each
(D'_V'D’ MS. PhD) ceramic system is different from each other in the three pigmentations, except for
Luis P Lopes the Prettau Zirkon AT, which did not show a significant difference compared with Lava
(DMD, MS, PhD) Al (p>0.05). The mean grain size increased with pigmentation. The mean grain size
Miguel Fonseca * ranged between 0.43 um, for Prettau Zirkon non-pigmented, and 0.82 um for Pret-
(PhD) tau Zirkon A4. Conclusion: Light transmission and mean grain size was affected by
Jaime Portugal » pigmentation of dental zirconia ceramics.
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Email: Isabel.mgomes@gmail.com crystalline (Y-TZP) ceramics can be used as an alternative for conventional
metal frameworks." While it's the strongest ceramic ever used, its trans-
; : lucency remains a disadvantage.? The translucency of zirconia becomes a
de“pra’ Demrtame"_to de Prostodontia problem, especially when placing a crown in the presence of other anteri-
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de Medicina Dentaria, Universidade de Lishoa, tion of tooth structure, which is not always possible. Besides that, veneer-
1649-003 Lishoa, Portugal ing undergo chipping and to prevent veneer chipping, monolithic zirconia
is often used in full arch restorations, posterior crowns and fixed dental
prostheses.>* In monolithic, wherein the thickness is bigger, the opacity of
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~ Department of Dental Materials, Faculdade de Zirconia is more opaque than other dental ceramic materials as a conse-
Medicina Dentzria, Universidade de Lishoa, quence of its high crystalline content and is white in color.2¢” To achieve
1649.003 Lishoa, Portugal more natural looking properties for the veneering of fixed partial dentures
and crowns, the zirconia frameworks can be shaded before sintering.!
Some colorant oxides of Fe, Cu, Co, Mn and opacifying oxides of Sn, Zn,
Al, Zr, and Ti are added allowing, a more natural appearance, similar to
the yellow dentin overlaid by translucent enamel.® It was shown that this
addition of metal oxides has the potential to lead to crystallographic and
microstructural changes that could affect the mechanical and optical prop-
erties.®°

In addition to all these aesthetic considerations, the success of a ceram-
ic restoration depends primarily on the durability of the bond between
ceramic and cement, and respectively between cement, enamel and dentin.
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Adhesive cementation of zirconia restorations is possible when
used resin cement systems with acidic group (phosphate, car-
boxylate)''2 and have several advantages including reduced
marginal microleakage and reduced occurrence of secondary
caries.” Dual resin cements would exhibit increased polymer-
ization if a zirconia with superior light transmission was used
and this probably affects the longevity of the rehabilitation.

Translucency of zirconia is determined by a complex combi-
nation of different parameters, including residual porosity,>’
grain size,® crystalline structure,” number of ceramic firings
and repeated ceramic staining cycles,™ additives such as alu-
mina® or other oxides such as cerium and hafnium are known
to reduce translucency in zirconia, sintering conditions' and
thickness.?

Since the literature report that shading of zirconia has the
potential to lead to crystallographic and microstructural
changes, itis relevant to evaluate if translucency is affected.>

The aim of this study was to determine whether the coloring
affected the translucency of zirconia. The two null hypothesis
tested were that the coloring and the type of zirconia used,
would not affect the translucency. Additionally, we analyzed
the influence of coloring in the microstructure of different zir-
conia systems.

MATERIALS AND METHODS
SPECIMEN PREPARATION

Yttrium partially stabilized green-stage zirconium diox-
ide blocks (ICE Zirkon Translucent, Prettau Zirkon and Lava
Frame) (Table 1) were cut into rectangular-shaped specimens
(10x20 mm) of 0.8 mm thick with a low-speed diamond saw
(ISOMET, BUEHLER, Illiniois, EUA) under a constant flow of
water. The specimens were then machine-polished on both
sides sequentially with 200, 400 and 600 wet silicon carbide
grinding papers until the thicknesses were reduced to 0.75

Table 1. Overview of the experimental groups

mm measured using a digital caliper (Mitutoyo Digimatic,
Tokyo, Japan).

Subsequently, the specimens of each zirconia system were
randomly divided according to pigmentation (non pigment-
ed, pigmented A1 and pigmented A4) (Table 1). Therefore, 9
experimental groups were set to (n=5).

The sample size (n) was determined, taking into account
the results of a pilot study conducted previously, establishing
a=0.05 and the power test (B) of 0.8.

Lava specimens pigmented A1 and A4 were immersed for 10
seconds in the SF1 and SF4 solutions, respectively, and then
sintered, according to the manufacturer’s instructions, for 8
hours and 30 minutes with a final temperature of 1500°C.

Pigmented A1 and A4 Ice Zirkon Translucent specimens
were immersed for 10 seconds in the color liquid A1 and A4,
respectively, and then dried under a warming lamp for 45
minutes (Zirkonlampe 250, Zirkon zahn, Gais, Italy). Sintering
was done, according to the manufacturer’s instructions, for 3
hours at a heating rate of 8°C/min with a final temperature of
1500°C remaining for 2 hours before cooling.

Prettau Zirkon specimens pigmented A1 and A4 were
immersed for 10 seconds in the color liquid A1 and A4,
respectively, and then dried for 45 minutes with infrared dry-
ing lamp (Zirkon lampe 250, Zirkonzahn, Gais, Italy). Sintering
was done, according to the manufacturer’s instructions, for 3
hours at a heating rate of 8°C/min with a final temperature of
1600°C remaining for 2 hours. At the end of the sintering cycle,
all the specimens were furnace-cooled to room temperature.

Specimens not shaded were sintered in the same conditions.
The sintering process resulted in approximately 20% shrinkage,
being the final thickness of the specimen’s 0.6 mm + 0.03 mm.

Before measurement of transmittance, specimens were
ultrasonically cleaned in distilled water for 10 minutes and
then dried with compressed air.

Product Shade (Color liquid) Batch number Manufacturer
Non pigmented
Lava Frame A1 (SF1) 392508 3M ESPE, St. Paul, MN, USA
A4 (SF4)
Non pigmented i ]
Ice Zirkon Translucent A1 (color liquid AT) ZA9112E Z'rkonzggirl_' %t';'l‘;”zah"'
A4 (color liquid A4) '
Non pigmented ) )
Prettau Zirkon A1 (Aquarell A1) ZA849A AU 0, Al

A4 (Aquarell A4)
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TRANSLUCENCY TEST

Direct light transmittance measurements were performed in
the 300 to 700 nm wavelength range using a UV-Vis (ultravio-
let-visible) spectrophotometer (Helios Alpha, Thermo Electron
Corporation, USA). Each specimen was positioned in the spec-
trophotometer and a black rectangular cardboard segment
(4 x 4 cm) with a central orifice of 10 mm in diameter was
used to position the specimens in front of the sphere holder.
Data were recorded with a computer connected to the spec-
trophotometer, and a graph of light transmittance percentage
per nanometer was obtained for each specimen by using the
software (Vision Pro, Cognex Corporation, Natick, USA). Trans-
mittances at a wavelength of 468 nm - corresponding to the
maximum absorption of the photoinitiator camphorquinone
- of each group were analyzed.

MICROSTRUCTURAL ANALYSIS

After translucency tests, one specimen for each group was
randomly selected and analyzed with a scanning electron
microscope (JSM 7001, JEOL, Tokyo, Japan) to microstructural
characterization. The specimens were ultrasonically cleaned
(Elmasonic One, Elma, Singen, Germany) for 5 min in 80%
ethanol and then air-dried. Subsequently, each specimen
was gold sputtered for 80s (JFC 1100, JEOL, Tokyo, Japan). The
analysis was carried out using an acceleration voltage of 20 kV
and a magnification of 200-10000x. The mean grain size was
measured according to the linear intercept method of ASTM
Standard E112."7 For each specimen, 8 line segments were
taken into account in one image analysis on SEM photomicro-
graphs with 10000 x magnification using Matlab (Mathworks
7, Natick, USA).

STATISTICAL ANALYSIS

Data were statistically analyzed with the software (IBM SPSS
Statistics 20; SPSS Inc, Chicago, USA). The results of transmittance
(0.0-1.0) at a wavelength of 468 nm were submitted to two-way
analysis of variance (ANOVA) followed by one-way ANOVA and
Tukey's HDS multiple comparison tests, according to pigmenta-
tion and ceramic system, at a significance level of p<0.05.

RESULTS

The result of the mean transmittance for 468 nm of each group
is summarized in Table 2.

There was a statistically significant influence of Zirconia systems
(p<0.001) and pigment (p<0.001) for the transmittance (Table 3).
It was also observed that there was a statistically significant inter-
action between these two factors (p<0.001) (Table 3).

All ceramic systems are different (p<0.05) from each other in
the three pigmentations, except for the Prettau Zirkon A1, which
did not show statistically different from Lava Frame A1 (p=0.687)
(Figure 1).

For all the ceramic systems studied, the A4 pigmented speci-
mens had a lower transmittance compared with specimens non-
pigmented and A1 pigmented (p<0.05). A1 pigmentation speci-
mens had a lower transmittance compared with non-pigmented
specimens, except for those manufactured in Lava Frame, which
did not show a statistically significant difference (p=0.091).

The mean grain size ranged from 0.43 pm for non-pigmented
Prettau Zirkon to 0.82 um for Prettau Zirkon A4. The mean grain
size for non-pigmented was 0.52, for A1 was 0.58 and for A4
was 0.74 (Figure 2). Significantly negative Spearman correlations
were observed between transmittance and grain size r=-0.716
(p<0.05) (Figure 3).

Table 2. Transmittance and standard deviation values obtained for 468 nm wavelength

Mean Transmittance 468 nm

Mean grain size (um)

Group (standard deviations) (standard deviations)
Lava (non-pigmented) 0.47 (+0.003) 0.64 (+0.001)
Lava A1 0.43 (x0.010) 0.53 (+0.003)
Lava A4 0.27 (x0.027) 0.69 (x0.007)
Ice Zirkon Translucent (non-pigmented) 0.50 (+0.005) 0.50 (+0.001)
Ice Zirkon Translucent A1 0.32 (+0.007) 0.60 (+0.001)
Ice Zirkon Translucent A4 0.18 (+0.004) 0.72 (+0.003)

Prettau Zirkon (non-pigmented)
Prettau Zirkon A1

Prettau Zirkon A4
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0.52 (x0.007)

0.44 (x0.014)

0.36 (x0.016)

0.43 (x0.002)

0.62 (x0.001)

0.82 (x0.001)
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Table 3. Two-way ANOVA for light transmittance of specimen. (Values with * are significantly different, P < 0.05)

ANOVA table Sum of square Df Mean square F value P value*
Pigmentation 3.177 2 1.588 932.341 <0.001*
Zirconia system 0.897 2 0.448 263.232 <0.001*
Pigmentation/ 0.637 4 0.159 93.469 <0.001%

zirconia system

Residual 0.061 36 0.002
Total 49.277 45
0,6
0,5
0,4 -
0,3 - & not pigmented
EAl
0,2 - E A4
0,1 -
o WP 2 /
:
0 %k ’/4 fzﬁ

Lava Zirkon Transluzent Prettau Zirkon

Figure 1: Transmittance of the several experimental conditions. (For each ceramic system, pigmentations under the same hor-
izontal line are statistically similar; for each pigmentation, ceramic systems with the same letter are not statistically different).
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Figure 2: Scanning electron microscope images of zirconia. (A) Lava, (B) Lava A1, (C) Lava A4, (D) Ice Zirkon Translucent, (E) Ice Zirkon
Translucent A1, (F) Ice Zirkon Translucent A4, (G) Prettau Zirkon, (H) Prettau Zirkon A1, (I) Prettau Zirkon A4.
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Figure 3: Scatter plots for Spearman correlation between the transmittance and grain size.
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DISCUSSION

The data obtained in this study support rejection of the null
hypothesis, as the translucency of zirconia is affected by pig-
mentation and zirconia system.

Differences in translucency can be explained by differences
in structure and chemistry that influence the interaction with
light.>'® The amount of light that is absorbed, reflected and
transmitted depends on the quantity of crystals within the core
matrix, and the size of the particles compared to the incident
light wavelength."2° Materials composed of small particles
(approximately 0.1 pm in diameter) are less opaque when visi-
ble light passes through it.> For maximal scattering and opacity,
dispersed particles slightly greater in size than the wavelength
of light, are required.”?® According to this, it was found that the
groups with major differences between the light wavelength
and size of particles (Lava Frame A4, Ice Zirkon Translucent A4
and Prettau Zirkon A4) had smaller transmittance.

The mean grain size of the current commercial Zirconia varies
from 0.2 to 0.8 pm, and the present results are in agreement
with literature.> Grain size could be modified by varying sinter-
ing conditions, like pressure, temperature, and time. Higher
temperatures and longer sintering times produce larger grain
sizes.”'?? Besides sintering conditions, the immersion in col-
oring solutions, has been cited to increased grain size'' and
this was observed in the present study. As explained above,
mean grain size affects translucency and was observed a nega-
tive correlation between grain size and transmittance, previ-
ously reported.>?® We observed that higher transmittance was
obtained in groups with smaller grain size numbers and also
a diminished translucency with pigmentation of all the brands
evaluated was observed. This can be the consequence of
increased mean grain size and the presence of elements like
oxides of Fe, Cu, Co, Mn and opacifying oxides of Sn, Zn, Al, Zr,
and Ti (added to obtain a yellow to brown shade that matches
that of the natural teeth) with different refractive index than
zirconia cause scattering of light and consequently decreases
translucency.>#2

Although pigmentation reduces the translucency in all brands
availed, even the shaded zirconia allowed the light to pass
through the material, in contrast to the results of early studies
on this matter.>”?* Previous research found that the first zir-
conia systems were totally opaque, with values equal to those
of metal-ceramics.®?*> However, it is known that the most sig-
nificant sources that diminish the translucency of 3Y-TZP are
light scattering at the grain boundaries, pores, and secondary
phases.> Measures have been taken by the dental industry to
reduce the porosity and to eliminate sintering additives, such
as alumina. As a result, more recent studies showed that mod-
ern zirconia allowed the light to pass through it.>'82¢

The present results show a significant attenuation transmit-
tance through almost all shaded zirconia and all zirconia sys-
tems evaluated have dissimilar optical properties. In a clinical
situation, this may account for lower light energy reaching
the cement layer during luting procedures of shaded zirco-

EJPRD

ejprd.org - Published by Dennis Barber Journals.

nia, potentially resulting in poor polymerization.?”?¢ This can
lead to poor mechanical properties of the cement, which may
result in debonding of ceramic restoration over time.?*3' An
opportune future study would evaluate the effect of these var-
iables in the polymerization of light cured resin cement. Yet,
according to the results, some zirconia system may be more
appropriate for anterior rehabilitation for allowing better bio-
mimetic effect.'®

CONCLUSIONS

Within the limitations of this study, the following conclusions
can be drawn:

+ Light transmission was significantly affected by pigmenta-
tion.

* Except for Lava system, pigmentation A1 and A4 decrease
significantly with light transmission.

Prettau Zirkon system showed highest translucency except
for the A1 pigmentation.

Ice Zirkon Translucet system showed minor translucency
in all pigmentations.

« Mean grain size is affected by pigmentation, with excep-
tion of Lava system, increased grain with pigmentation
was observed.

ACKNOWLEDGMENTS

Special thanks to 3M ESPE, and Zirkonzhan for providing the
materials used in this project.

REFERENCES

1. Miyazaki M, Nakamura T, Matsumura H, Ban S, Kobayashi T. Current
status of zirconia restoration. J Prosthodont Res 2013; 57:236-61.

2. llie N, Stawarczyk B. Quantification of the amount of blue light passing
through monolithic zirconia with respect to thickness and polymeriza-
tion conditions. J Prosthet Dent 2015; 113:114-21.

3. Beuer F, Stimmelmayr M, Gueth JF, Edelhoff D, Naumann M. In vitro
performance of full-contour zirconia single crowns. Dent Mater 2012;
28:449-56.

4. Larsson C, Vult Von Steyern P. Implant-supported full-arch zirconia-
based mandibular fixed dental prostheses. Eight-year results from a
clinical pilot study. Acta Odontol Scand 2013; 1:1118-22.

5. Zhang Y. Making yttria-stabilized tetragonal zirconia translucent. Dent
Mater 2014; 30:1195-1203.

6. Heffernan MJ, Aquilino SA, Diaz-Arnold AM, Haselton DR, Stanford CM,
Vargas MA. Relative translucency of six all-ceramic systems. Part I: core
materials. J Prosthet Dent 2002; 88:4-9.

7. Heffernan MJ, Aquilino SA, Diaz-Arnold AM, Haselton DR, Stanford CM,
Vargas MA. Relative translucency of six all-ceramic systems. Part II:
core and veneer materials. J Prosthet Dent 2002; 88:10-15.

8. Cales B. Colored zirconia ceramics for dental application. Bioceramics
1998; 11:591-94.

Copyright ©2018 by Dennis Barber Ltd. All rights reserved.



European Journal of Prosthodontics and Restorative Dentistry (2018) 26, 136-142

10.

1.

12.

13.

14.

Shah K, Holloway JA, Denry IL. Effect of coloring with various metal
oxides on the microstructure, color and flexural strength of 3Y-TZP. J
Biomed Mater Res B Appl Biomater 2008; 87:329-37.

Aboushelib MN, Kleverlaan CJ, Feilzer AJ. Effect of zirconia type on its
bond strength with different veneer ceramics. J Prosthodont 2008;
7:401-8.

Blatz MB, Phark JH, Ozer F, Mante FK, Saleh N, Bergler M, Sadan A. In
vitro comparative bond strength of contemporary self-adhesive resin
cements to zirconium oxide ceramic with and without air-particle abra-
sion. Clin Oral Investig 2010; 14:187-92.

Seabra B, Arantes-Oliveira S, Portugal J. Influence of multimode uni-
versal adhesives and zirconia primer application techniques on zirco-
nia repair. J Prosthet Dent 2014; 112:182-7.

Blatz MB, Oppes S, Chiche G, Holst S, Sadan A. Influence of cementa-
tion technique on fracture strength and leakage of alumina all ceramic
crowns after cyclic loading. Quintessence Int 2008; 39:23-32.

Cho MS, Lee YK, Lim BS, Lim YJ. Changes in optical properties of enam-
el porcelain after repeated external staining. J Prosthet Dent 2006;
95:437-43.

15. Jiang L, Liao YM, Wan QB, Li W. Effects of sintering temperature and

16.

17.

18.

19.

20.

particle size on the translucency of zirconium dioxide dental ceramic. J
Mater Sci Mater M 2011; 22:2429-35.

Snedecor, G. W., and W. G. Cochran. Statistical methods. Iowa State
University Press, Ames, Iowa; 1989 p. 98-99.

ASTM E112-96. Standard test method for determining average grain
size. 2003. Part 301:243-266.

Baldissara P, Llukacej A, Ciocca L, Valandro F, Scotti R. Translucency
of zirconia copings made with different CAD/CAM systems. J Prosthet
Dent 2010; 104:6-12.

Brodbelt RH, O'Brien W), Fan PL. Translucency of dental porcelains. J
Dent Res 1980; 59:70-75.

Clarke FJ. Measurement of color of human teeth. In: McLean JW, editor.
Proceedings of the First International Symposium on Ceramics. Chi-
cago: Quintessence. 1983. p. 441-90.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Li RW, Chow TW, Matinlinna JP. Ceramic dental biomaterials and CAD/
CAM technology: state of the art. J Prosthodont Res 2014; 58:208-16.

Stawarczyk B, Ozcan M, Hallmann L, Ender A, Mehl A, Himmerlet C.
The effect of zirconia sintering temperature on flexural strength, grain
size, and contrast ratio. Clin Oral Invest 2013; 17:269-74.

Kim M), Kim KH, Kim YK, Kwon TY. Effects of the sintering conditions
of dental zirconia ceramics on the grain size and translucency. J Adv
Prosthodont 2013; 5:161-6.

Pecho O, Ghinea R, Ionescu A, Cardona J, Paravina R, Pérez M. Color
and translucency of zirconia ceramics, human dentine and bovine den-
tine. J Dent 2012; 40:34-40.

Chen YM, Smales RJ, Yip KH, Sung WJ. Translucency and biaxial flexural
strength of four ceramic core materials. Dent Mater 2008; 24:1506-11.

Wang F, Takahashi H, Iwasaki N. Translucency of dental ceramics with
different thickness. J Prosthet Dent 2013; 110:14-20.

Moraes RR, Correr-Sobrinho L, Sinhoreti MA, Puppin-Rontani RM, Ogli-
ari FA, Piva E. Light-activation of resin cement through ceramic: rela-
tionship between irradiance intensity and bond strength to dentin. J
Biomed Mater Res B ApplBiomater 2008; 85:160-5.

Stansbury JW. Curing dental resins and composites by photopolymeri-
zation. J Esthet Dent 2000; 12:300-8.

El-Mowafy OM, Rubo MH, el-Badrawy WA. Hardening of new resin
cements cured through a ceramic inlay. Oper Dent 1999; 24:38-44.

Piwowarczyk A, Lauer HC, Sorensen JA. The shear bond strength
between luting cements and zirconia ceramics after two pre-treat-
ments. Oper Dent 2005; 30:382-8.

Sulaiman TA, Abdulmajeed AA, Donovan TE, Ritter AV, Lassila LV, Vallittu
PK, Nérhi TO. The degree of conversion of dual-polymerizing cements
light polymerized through monolithic zirconia of different thicknesses
and types. J Prosthet Dent 2015; 114:103-8.

ceeresesteieieneseeeeeeeeeeeee Effect of Zirconia Pigmentation on Translucency...
Copyright ©2018 by Dennis Barber Ltd. All rights reserved.

ejprd.org - Published by Dennis Barber Journals.



