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Abstract

Objective: To compare the color stability of Cention N, Fuji IX GP Extra, and Fuji IX GP after
thermocycling. Material and Methods: Ten discs of each material of dimension 10 x 1 mm were prepared
using a split mold. The preparations of the specimens were done according to the powder/liquid ratio as
recommended by the manufacturers [4.6:1, 8.4:1 and 3.6:1 for the groups I, II, and III, respectively]. After
setting, the samples were retrieved, and the thickness of each specimen was measured using a micrometer at
five different locations. The specimens with variations in thickness, porosity or cracks were discarded and
thus not included in the study. The selected specimens were stored in distilled water for 24 hours prior to
testing. The prepared specimens were thermocycled at 5°C and 55°C, with a dwell time of 15 seconds for
250 or 500 cycles. Subsequently, the color parameters of the discs were measured using a
spectrophotometer. The data were analyzed using two way ANOVA test, and a p-value <0.001 was
considered. Results: Thermocycling resulted in changes in the color of both Glass Ionomer cement and
Cention N (p<0.001). Among the materials tested, Cention N showed superior color stability. Conclusion:
Cention N exhibited better color stability compared to Glass ionomer cements.
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Introduction

The demand for dental esthetic procedures has tremendously increased in the recent past. In order to
cater for such needs a variety of materials have been developed [17. Glass ionomer cement (GIC) was the first
aesthetic restorative material, with an ability to release fluoride and bond to the tooth chemically, has been the
material of choice for a very long period of time [27]. However, its low strength, abrasion resistance, moisture
sensitivity necessitated newer and improved materials. Resin composites, a combination of a resinous matrix
with inert dispersed filler particles coupled with a silane agent, have been introduced as an alternative choice of
materials [37. Research and innovation in these materials, processing methods, and manipulation techniques
have led to the development of a variety of dental composites to cater to the needs of a wide range of clinical
conditions. Yet, composites are known to have no anticariogenicity and cause post-operative sensitivity. To
overcome these drawbacks, attempts have been made to combine the composites with GIC [2,37.

Alkasite, a new category of filling material, essentially a subgroup of the composite material class, was
introduced considering the September 2014 FDI Policy of phasing down amalgam usage. Cention N is an
alkasite, which is a resin-based self-curing (with optional light-curing) powder liquid restorative material that
is cost-effective, shows better handling property than composites, has fluoride-releasing properties and has a
strength that is comparable to amalgam [47]. Compared to GIC, Cention N has better aesthetics, as has been
stated by the manufacturers.

The aesthetics of restorations is cumulative of colour, translucency and opacity, light reflectance and
transmittance, and surface texture [17]. The colour of dental restorative materials is measured using devices
such as shade guides, colorimeter, and spectrophotometers. These use colour spaces for reproducible
representations of the colour [5]. The ADA recommends the use of CIELAB (Standard Commission
Internationale de L, Eclairge) colour system, which expresses color in terms of luminosity and chromaticity
re].

Glass ionomer cement is widely used in Class I1II as well as Class V preparations in the anterior teeth
due to its favorable esthetic and biological characteristics along with ease of handling [7]. Recently, a new
Glass ionomer restorative material, GIC Fuji IX GP Extra (GC Corporation, Tokyo, Japan), that utilizes
SmartGlass™ technology imparting better esthetic qualities compared to original GIC Fuji IX GP (GC
Corporation, Tokyo, Japan) was introduced in multiple shades.

Colour stability directly corresponds to the clinical success of aesthetic restorative materials. Both
composites and GICs have shown varying clinical degradation, even in the absence of mechanical loading [87.
The degradation of these materials is attributed to the thermal shocks in the oral environment leading to the
elution of leachable monomers from composites [97] or degradation of metal-polyacrylate bonds in GICs [107].
Such degradation may, in turn, cause colour changes in these materials. The behaviour and performance of
dental restorative materials during clinical service, to a certain extent, can be simulated by thermocycling.
During thermocycling, materials are aged by repeatedly subjecting them to temperature changes that are
frequent in the oral cavity [97. Characterization of dental restorative materials using thermocycling better
simulates the clinical service life and facilitates a better understanding of their behaviour in such situations.

As Cention N offers better esthetics along with superior mechanical characteristics, it is the most
likely preferred choice of material for anterior restorations. However, the clinical success of such restorations
greatly depends also on its colour stability. The existing literature on the colour stability of these materials,
especially using thermocycling, is scant. Hence, the study aims to compare the colour stability by measuring

various colour parameters of Cention N, Fuji IX GP Extra, and Fuji IX GP before and after 250 and 500
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thermal cycles by spectrophotometric analysis. The Null hypothesis tested was that there is no change in the
colour of a material before and after thermocycling and that there is no difference in the colour stability

between the three materials.

Material and Methods

As total of 80 specimens (10 per group) were prepared from three restorative materials: Group I:
Alkasite, Cention N (Ivoclar Vivadent, Schaan, Liechtenstein); Group II: Glass Ionomer Cement, Fuji IX GP
Extra (GC Corporation, Tokyo, Japan); and Group III: Glass Ionomer Cement, Fuji IX GP (GC Corporation,
Tokyo, Japan).

The preparations of the specimens were done according to the powder/liquid ratio as recommended
by the manufacturers [4.6:1, 3.4:1 and 3.6:1 for the groups I, II, and III respectively’]. Both the powder and
liquid of the respective materials were measured by weight (Mettler AJ100, Greifensee, Switzerland) onto a
paper mixing pad. The constituents were spatulated using a plastic spatula to a homogeneous paste, and the
mix was forced into a split metal mold of 1 mm thickness and 10mm diameter [11,127]. The mold was covered
with a mylar strip, both on top and bottom, and a load of 1 kg was applied for 5 minutes to facilitate the flow of
material evenly throughout the mold. After setting, the samples were retrieved, and the thickness of each
specimen was measured using a micrometer at five different locations. Subsequently, the specimens were
observed under a bright light source to check for porosities, or cracks in the specimens. The specimens with
variations in thickness, porosity or cracks were discarded and thus not included in the study. The selected
specimens were stored in distilled water for 24 hours prior to testing [137].

Thermocycling was carried out using a thermocycler (Lab Thermostatic Bath, Jainam Lab Solutions,
Mumbai, Maharashtra, India) containing water baths maintained at 5°C and 55°C. The specimens were
thermocycled at these temperatures with a dwell time of 15 seconds for 250 or 500 cycles.

Measurement of the optical properties was done using i1Pro (X-Rite, Grand Rapids, Michigan, USA),
a computer-controlled spectrophotometer that produces colour coordinates for the CIE LAB system. The
colour measurements were taken by placing the specimen in a specimen holder followed by passing the light on
to the specimen in total transmittance mode with a standard illuminant D65 and observer angle of 0°. The
specimen holder was so designed to ensure that all the specimens were exposed to the light at the same place
throughout the study period. The colour coordinates, L* (lightness, where 100 represents white, and 0
represents black), a* (red-green chromaticity index), and b* (yellow-blue chromaticity index) were determined
against a standard white background. The AE, change in the colour, of the specimens was computed as follows:
AE = [(AL*)2 + (Aa*)? + (Ab*)?]°5, where: AL*, Aa*, Ab* represent the change the respective values during the
study. The colour of the specimens was measured at the beginning of the study, after 250 cycles and after 500

cycles of thermocycling.

Data Analysis
The data were subjected to Two-way ANOVA test to compare the mean differences between the

groups at a confidence interval of 99%.

Results
The mean and standard deviation values of the colour parameters measured during the study are

presented in Table 1.
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Table 1. Colour parameters of various materials tested in the study.

Colour Parameters Group I Group II Group III
Base Line Measurement

L 54.82 £ 1.26 68.44 £ 0.44 71.01 £ 1.07

a* 0.07 + 0.65 1.24+ 0.12 1.88 £ 0.18

b* 8.50 £ 0.91 9.82 + 0.36 9.95 + 0.68
250 Cycles

L 54.44 + 1.02 67.23 £ 0.57 69.94 + 1.29

a* 0.27 + 0.26 1.29 £ 0.12 1.40 + 0.25

b* 7.79 + 1.58 10.87 £ 0.80 9.80 + 0.71

AE 1.01 £ 0.79 1.86 + 0.29 1.82 + 0.50
500 Cycles

L 55.55 £ 1.92 64.89 £+ 0.98bP 69.02 + 1.83¢

a* 0.28 + 0.44 1.62 £ 0.18 1.82 + 0.20

b* 7.86 £ 1.082 10.22 + 0.36" 9.80 + 0.67¢

AE 2.15+0.71 3.60 + 0.84 2.55 + 0.62

a, b, ¢ in Group [, IT and III rows indicate that the value is significantly different from the respective control value.

Table 1 indicates that thermocycling of all the materials used in the study resulted in changes in the
colour, and the colour changes increased with an increasing number of cycles of thermocycling. Thermocycling
did not show any significant changes in L* values in Group I either at 250 cycles (p>0.999) or 500 cycles
(p=0.409). Group II and Group III showed a significant difference in L* values only after 500 cycles (p<0.001).
No significant differences in a* were observed among the groups irrespective of the number cycles of
thermocycling. Groups I, II, and III showed significant changes in b* values after 500 cycles (p<0.001).
However, the change in b* values at the end of 250 cycles was found to be statistically not significant in all the
materials.

The changes in the colour of the material as expressed in AE were found to be 1.01 £ 0.79 and 2.15 +
0.71 at the end 250 cycles and 500 cycles respectively in Group L. In Group II, AE values after 250 cycles and
500 cycles were found to be 1.86 £ 0.29 and 3.60 + 0.84 respectively. Group III, on the other hand, showed AE

values of 1.82 + 0.50 and 2.55 + 0.62 at the end of 250 cycles and 500 cycles of thermocycling.

Discussion

The dynamic nature of the oral environment with constant changes in pH, stress, and temperature
may significantly influence the colour stability of esthetic restorative materials [187]. The present study
demonstrated significant changes in the colour parameters of the three materials subjected to thermocycling,
especially at 500 cycles.

The luminosity of the material represented by L* is an important colour parameter as it is more likely
to be perceived by human eyes than any other colour parameter [1,147]. The results of the present study
indicate that the change in L* is more in the case of Glass ionomer based restorative materials, whereas no
significant changes were observed with Cention N. This indicates that the colour stability of Cention N is
superior to glass ionomer cements. No significant changes in a* values were observed with all the material
tested, indicating no changes in the red-green axis of the colour of these materials. A significant difference b*
was observed in all the groups after 500 cycles indicating changes in the yellow-blue axis. It is interesting to
note that b* values changed more towards yellow in both glass ionomer cements whereas in the case of Cention

N, no such change was observed.
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The colour stability of Cention N can be attributed to the presence of resin components in its
composition. It consists of organic liquid containing UDMA, DCP, an aromatic aliphatic-UDMA, and PEG-
400 DMA along with high filler content. Such a combination permits low sorption, indicating less possible
surface penetration of the chromophores and less colour change [4,15,16]. In addition, Cention N uses
thiocarbamide as a photoinitiator rather than an amine. Tertiary amines are most commonly used as activators
and are known to undergo oxidation with time, leading to colour changes, widely known as amine
discoloration [177]. The observed colour changes in the material, though, are minimal, could be due to
degradation of the polymeric matrix material, or other ingredients in the material [187. GIC Fuji IX GP Extra
and GIC Fuji IX GP lack colour stability due to polyacid content of the material and can be explained by the
degradation of metal polyacrylate salts [107]. The further reduced colour stability of GIC type IX Extra could
be attributed to its low powder-liquid ratio due to higher disintegration [197.

According to CIE, AE (colour difference) of less than or equal to 1.0 is not perceptible by the human
eye, the difference of 1-2 is perceptible through close observation as seen in professionals whereas a difference
of 2-10 is perceptible at a glance [67. Several research investigations have indicated that a AE value of 8.3 [207]
is clinically perceptible through other studies suggest AE values in the range of 3.7 [217] to 4.4 [22]].

In the present study, AE values of Cention N, Fuji IX GP, and Fuji IX GP Extra were found to be
1.01 £ 0.79, 1.86 £ 0.29, 1.832 £ 0.50, respectively. This indicates that the change in colour among the materials
tested is clinically not perceptible. However, AE values after 500 cycles of thermocycling for the same materials
were found to be 2.15 £ 0.71, 8.60 £ 084, 2.55 £ 0.62 respectively indicating that the colour changes are
clinically perceptible. Among the materials, Cention N showed the least colour changes with the thermocycling

compared to Fuji IX GP and Fuji IX GP Extra.

Conclusion

Cention N exhibits better colour stability than GIC Fuji IX GP and GIC Fuji IX GP Extra.

Authors’ Contributions

SB (2 0000-0002-9657-605X Conceptualization, Methodology, Investigation, Formal Analysis, Writing —
Original Draft Preparation and Writing — Review and Editing.

TPP (5 0000-0002-8887-2297  Conceptualization, Methodology, Investigation, Formal Analysis, Writing —
Review and Editing and Funding Acquisition.

KG (15 0000-0002-1824-2054  Conceptualization, Methodology, Investigation, Formal Analysis, and Writing —
Review and Editing.

SK (2 0000-0002-944:3-2335  Conceptualization, Methodology, Formal Analysis, and Writing — Review and
Editing.

Sp (2 0000-0002-3909-1507 Methodology, Formal Analysis, and Writing — Review and Editing.

All authors declare that they contributed to critical review of intellectual content and approval of the final version to be
published.

Financial Support

None.

Conflict of Interest

The authors declare no conflicts of interest.

References

’



=
Pesqui. Bras. Odontopediatria Clin. Integr. 2020; 20:e5174

[1] Joiner A. Tooth colour: a review of the literature. J Dent 2004; 382(Suppl 1):3-12.
https://doi.org/10.1016/j.jdent.2008.10.013

[2] Sidhu SK, Nicholson JW. A review of glass-ionomer cements for clinical dentistry. J Funct Biomater 2016; 7(3):E16.
https://doi.org/10.8890/jthb7030016

[87] Willems G, Lambrechts P, Braem M, Celis JP, Vanherle G. A classification of dental composites according to their
morphological and mechanical characteristics. Dent Mater 1992; 8(5):310-9.
https://doi.org/10.1016/0109-5641(92)90106-m

[4] Mazumdar P, Das A, Das UK. Comparative evaluation of microleakage of three different direct restorative materials
(silver amalgam, glass ionomer cement, Cention N), in class II restorations using stereomicroscope: an in vitro study.
Indian J Dent Res 2019; 30(2):277-81. https://doi.org/10.4108/ijdr.IJDR_481_17

[5] Logvinenko AD. The geometric structure of color. J Vis 2015; 15(1):1-9. https://doi.org/10.1167/15.1.16

[67] Kim D, Park SH. Colour and translucency of resin-based composites: comparison of A shade specimens within various
product lines. Oper Dent 2018; 43(6):642-55. https://doi.org/10.2341/17-228-L

[7] Unnikrishnan S, Krishnamurthy NH, Nagarathna C. Marginal microleakage of glass ionomer cement with two
different cavity conditioners on primary anterior teeth — an in vitro study. Indian J Dent Res 2019; 30(2):267-72.
https://doi.org/10.4103/ijdr.IJDR_695_17

[8] Ferracane JL. Elution of leachable components from composites. J Oral Rehabil 1994; 21(4):441-52.
https://doi.org/10.1111/j.1365-2842.1994.tb01158.x

[97] Tabatabaei MH, Sadrai S, Bassir SH, Veisy N, Dehghan S. Effect of food stimulated liquids and thermocycling on the
monomer elution from a nanofilled composite. Open Dent J 2013; 7:62-7.
https://doi.org/10.2174/1874210601307010062

[107] Hotwani K, Thosar N, Baliga S. Comparative in vitro assessment of color stability of hybrid esthetic restorative
materials against various children beverages. J Conserv Dent 20145 17(1):70-4.
https://doi.org/10.4103/0972-0707.124:154

[117] Samra APB, Pereira SK, Delgado LC, Borges CP. Color stability evaluation of aesthetic restorative materials. Braz
Oral Res 2008; 22(3):205-10. https://doi.org/10.1590/51806-83242008000300003

[12] Giirdal P, Akdeniz BG, Hakan Sen B. The effects of mouthrinses on microhardness and colour stability of aesthetic
restorative materials. J Oral Rehabil 2002; 29(9):895-901. https://doi.org/10.1046/}.1365-2842.2002.00924.X

[187] Haas K, Azhar G, Wood DJ, Moharamzadeh K, Noort RV. The effects of different opacifiers on the translucency of
experimental dental composite resins. Dent Mater 2017; 33(8):e310-e316.
https://doi.org/10.1016/j.dental.2017.04.026

[147] Kim-Pusateri S, Brewer JD, Davis EL, Wee AG. Reliability and accuracy of four dental shade-matching devices. J
Prosthet Dent 2009; 101(3):198-9. https://doi.org/10.1016/50022-3913(09)60028-7

[157 Altinci P, Durkaya P. Effects of thermocycling and various drinks on the color stability of heat-polymerized acrylic
resin. J Istanb Univ Fac Dent 2016; 50(8):15-20. https://doi.org/10.17096/jiufd.28587

[16] Furuse AY, Gordon K, Rodrigues FP, Silikas N, Watts DC. Colour-stability and gloss retention of silorane and
dimethacrylate composites with accelerated aging. J Dent 2008; 36(11):945-52.
https://doi.org/10.1016/].jdent.2008.08.001

[17] Asmussen E. Factors affecting the colour stability of restorative resins. Acta Odontol Scand 1983; 4:3(1):11-8.
https://doi.org/10.8109/00016358309162298

[187] Rao YM, Srilakshmi V, Vinayagam KK, Narayanan LL. An evaluation of the color stability of tooth-colored
restorative materials after bleaching using CIELAB color technique. Indian J Dent Res 2009; 20(1):60-4.
https://doi.org/10.4103/0970-9290.4907 1

[197] Pearson GJ. Physical properties of glass-ionomer cements influencing clinical performance. Clin Mater 1991;
7(4):825-31. https://doi.org/10.1016/0267-6605(91)90076-r

[207 Ruyter IE, Nilner K, Moller B. Color stability of dental composite resin materials for crown and bridge veneers. Dent
Mater 1987; 3(5):246-51. https://doi.org/10.1016/S0109-564:1(87)80081-7

[217] Dietschi D, Campanile G, Holz J, Meyer JM. Comparison of the color stability of ten new-generation composites: an
in vitro study. Dent Mater 1994; 10(6):353-62. https://doi.org/10.1016/0109-5641(94)90059-0

[227 Douglas RD. Color stability of new-generation indirect resins for prosthodontic application. J Prosthet Dent 2000;
83(2):166-70. https://doi.org/10.1016/50022-3913(00)80008-6




