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Effect of immune-boosting beverage, energy
beverage, hydrogen peroxide superior,
polishing methods and fine-grained dental
prophylaxis paste on color of CAD-CAM
restorative materials

Kerem Yilmaz'", Erdem Ozdemir? and Fehmi Géndildas®

Abstract

Background The effect of an immune-boosting beverage (SAM) containing Sambucus Nigra, an energy beverage
(ENE), an in-office bleaching (BLE) agent with 25% hydrogen peroxide superior, glazing (GLA) or polishing (POL)
methods, and professional dental prophylaxis (PDP) on the color of CAD-CAM restorative materials is unknown.

Methods In total 210 specimens were prepared, consisting of CAD-CAM feldspathic (FC), zirconia-reinforced lithium
disilicate ceramic (ZLS) and hybrid ceramic (HC). The ceramic specimens were divided according to the polishing
methods of glazing (GLA) and mechanical polishing (POL). All materials were divided into two groups: with and
without BLE. A 25% hydrogen peroxide superior (HPS) gel was used for BLE. After the baseline (BAS) measurement, the
specimens were immersed in 3 different beverages (distilled water (DIS), SAM, ENE). After 28 days, a fine-grained (RDA
7) prophylaxis paste was applied. Statistical analysis of AEOQ color difference values was performed by 3-way ANOVA
and Bonferroni test (a=0.05).

Results The effect of all other actions except material-BLE-beverage on color for BAS-Day 28 was statistically different
(p<0.05). The effect of material, material-BLE, beverage on color for Day 28-PDP was statistically different (p < 0.05).
After 28 days, the lowest color change was found in FC-GLA and HC immersed in DIS (p=0.0001) and the highest

in FC-POL immersed in ENE (p=0.0002). PDP was efficient in color recovery in HC immersed to DIS, ENE and SAM
(p=0.0010). For FC, HC and ZLS, BLE caused a higher color change (p < 0.0001). Regardless of the material, the highest
color change for BLE-beverage was found in BLE-treated specimens immersed in ENE (p=0.0496) and the lowest
color change was found in non-BLE-treated specimens immersed in SAM (p=0.0074).

Conclusions In materials pre-exposed to 25% HPS, the effect of PDP on color recovery was lower than in unexposed
materials. After 28 days, mechanical polishing produced higher color change in FC than glazing, however, in ZLS
effects of glazing and mechanical polishing on color were similar. For material/polishing method, HC was the most
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effective. ENE caused higher color change than DIS and SAM. PDP was more effective than ENE in restoring color to

DIS- and SAM-immersed specimens.

Keywords Covid-19 pandemic, CAD-CAM hybrid, Zirconia-reinforced lithium disilicate, Feldspathic ceramic, Office
bleaching, Dental prophylaxis, Glazing, Hydrogen peroxide, Beverage, Sambucus Nigra

Background

Dental restorations performed in regions where appear-
ance is crucial should keep their physical properties long-
term. Restorative materials made by computer-aided
design and computer-aided manufacturing (CAD-CAM)
are frequently preferred for this purpose today. These
types of materials may be glass ceramic, zirconium or
resin based [1].

Feldspathic ceramics (FC) have a glassy structure con-
taining a crystalline phase. In lithium disilicate ceramics,
the metasilicate phase transforms into stronger disilicate
phase by crystallization. Nowadays, zirconia-reinforced
lithium disilicate ceramics (ZLS) have been developed
[2]. One of the new developed materials is hybrid ceram-
ics (HC), which contain dimethacrylate polymers and
have a binary network structure [3].

While the smoothness of the surfaces of CAD-CAM
ceramic materials can be performed by both glazing
(GLA) and mechanical polishing (POL), GLA is not pos-
sible in resin-containing ceramics due to the loss of the
organic matrix in firing [4]. On smoother surfaces, there
would be less absorption of beverage-induced pigments
to the material surface and consequently less discolor-
ation would occur [5].

During the dental bleaching (BLE) process, when the
BLE agent contacts the restoration surface, the exist-
ing physical features may change. BLE agents currently
contain varying concentrations of carbamide peroxide
(CP) or hydrogen peroxide (HP): 30-35% HP is usually
used for in-office techniques, while 10-16% CP is com-
monly used at home [6]. In studies examining the effects
of BLE with CP or HP on the restorative material, it was
reported that BLE agents would degrade the surface
integrity of the material by dissolving in the restorative
material [7]. Nowadays, new BLE agents with different
components have been developed and it is necessary to
perform new studies to investigate the performance of
these agents. The one of them is an office BLE agent con-
taining 25% HP superior (HPS) [8].

Restorations discolored by beverages are polished
regularly by clinicians to correct the color change of res-
torations and to remove dental plaque. Current knowl-
edge about professional dental prophylaxis (PDP), which
is one of the methods applied for this purpose, is inad-
equate [9]. In recent years, various PDP pastes have been
introduced to the market and there is a need for current
research on these pastes with abrasives with low relative
dentin abrasiveness (RDA) [10].

Studies examining the effect of beverages on the color
of restorative materials have mostly focused on beverages
such as tea, coffee, cola and wine [5]. After the Covid-19
pandemic, people’s consumption habits have changed
and as a result, the consumption of energy beverages has
increased [11]. Therefore, it is necessary to investigate
the effect of energy beverages on the color of CAD-CAM
restorative materials. Another beverage with increas-
ing consumption is black elderberry (Sambucus Nigra).
This beverage, which is used as a treatment support in
the Covid-19 pandemic, may change the color of dental
materials because it contains anthocyanin [12]. There is
no study on the effect of beverage with Sambucus Nigra
on the color of CAD-CAM ceramic or hybrid ceramic
materials. There are several studies [9, 13, 14] examin-
ing the effect of polishing methods, BLE or PDP on the
color of CAD-CAM restorative materials, but no study
has examined these variables together. For these reasons,
the aim of this study was to evaluate the effect of energy
beverage and immune-boosting beverage with Sambucus
Nigra, in-office BLE with HPS and PDP on color of CAD-
CAM FC, ZLS and HC. The null hypotheses were that (i)
material/polishing method, BLE, beverages would have
no effect on the color of tested materials and (ii) PDP
would have no effect on the color recovery of discolored
materials.

Methods
The materials used and the study design are displayed in
Table 1 and in Fig. 1, respectively. Using a diamond saw
cutting machine (Micracut 201, Metkon, Turkey), 2 mm
thick rectangular shaped specimens were obtained from
FC, ZLS and HC blocks. Specimen size calculation was
performed using a statistical power analysis program
(G*Power ver. 3.1.9.7, Heinrich-Heine-Universitit Diis-
seldorf, Germany) to determine a significant group
effect. In the analysis, 30 treatment combinations and 2
factors were considered. Adjusting for significance level
(alpha) 0.05, power 0.80 and medium effect size (partial
eta squared) 0.06 (corresponding to Cohen’s d effect size
0.2526), the minimum specimen size was calculated as
158. To make the study more powered, the number of
specimens in each treatment group was determined as
7 and therefore the total number of specimen was deter-
mined as 210 [15, 16].

A total of 84 FC specimens were equally divided into
two groups according to the polishing method (GLA or
POL). A total of 84 ZLS specimens were also divided into
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Table 1 Materials tested in the study BAS
Material Code Type Composition Manufacturer |
Cerec C FC Feldspathic ~ 56-64% SiO,, Sirona Dental, FC-GLA
glass matrix ~ 20-23% Al,Os, Beinsheim,
ceramic 6-9% Na,O, Germany lFC'GLA ‘—[ BLE ‘
6-8%K,0 -FC-POL
Vita ZLS Zirconia- 56-64% SiO,, VITA Zahn- Immersion
Suprinity reinforced  1-4% Al,O,, 15~ fabrik, Bad ’ FCEOL ‘_’ BLE ‘
lithium sili- ~ 22% Li,O, 8-12%  Sackingen,
cate ceramic  Zr0,, 1-4% K,0  Germany — | Day1 |—| Day 14 |—| Day28 |-| PDP
(~0.5 pm) ’ZLS-GLA ‘—\ BLE ‘
Vita Enamic  HC Polymer- 86% inorganic VITA Zahn-
ZLS-POL
infiltrated (58-63% SiO,, fabrik, Bad [—|
ceramic 20-23% Al,O;, Sackingen, lZLS—POL }—[ BLE ]
network 6-11% Na,0, Germany
46 K,0,
05-2% B,0), (e —{ we |
11-14% organic
(methacrylate
polymer, UDMA, Fig. 1 Design of the study
TEGDMA)
Cavex BLE Office 25% hydrogen  Cavex Holland ZLS-POL and HC specimens were polished with a
Bite&White bleaching  peroxide supe- BV, Haarlem, ceramic polishing set (Diasynt Plus HP, EVE Ernst Vet-
In-Office gel rior, thickeners,  Netherlands ter, Germany). In order to simulate intraoral conditions,
pH regulators, . . . .
reversible only one side of the specimens was polished. Thickness
poloxamer, of the specimens was controlled by digital micrometer
glycerine (Absolute Digimatic Caliper, Mitutoyo, Japan) and then
Red Bull ENE  Energizing  Glucose, citric ~ Red Bull the specimens were placed in an incubator (UM 400,
beverage  acid, carbodi-  GmbH, Salz- Memmert, Germany) in distilled water at 37 °C for 24 h
oxide, sodium - burg, Austria to standardize the ambient conditions prior to BLE.
bicarbonate, R
taurine. caffeine Baseline color measurements (BAS) were taken
plain caramel, ri- in all specimens, and then a 25% HPS agent (Cavex
boflavin, vitamins Bite&White In-Office, Cavex Holland BV, Netherlands)
B3,B5,B6,B12 was applied in the FC-GLA-BLE, FC-POL-BLE, ZLS-
Sambucol  SAM  Immune- Black elderberry ~ Pharmacare GLA-BLE, ZLS-POL-BLE and HC-BLE groups. For this
Plus Ef- boosting extract, citric Europe, UK . . .
. . purpose, the gel was applied to specimen surface with an
fervescent beverage acid, sodium hy- . X K
Tablet withblack  drogen carbon- applicator at a thickness of approximately 1 mm. In the
elderberry  ate, L-ascorbic instructions for use, the manufacturer recommends “to
acid, zinc be applied for 10 to 15 minutes and 2 to 3 times a day’,
ProxytFine PDP  Fine-grain  Silica (RDA 7 size  Ivoclar Viva- however, since there is no definite directive in this rec-
profe;silon‘al pl“’md@/ Wafﬁ ?‘emﬁ Schaan, ommendation and considering the possible limitations of
prophylaxis  glycerine, soroite, - Liechtenstein in vitro laboratory conditions, the total time was deter-
paste xylit, anorganic

fillers, natrium-
fluoride, flavor
and pigments

two groups in the same way. These groups were further
divided into two more groups of equal numbers, with and
without prior BLE. A total of 42 HC specimens were pre-
pared and divided into two groups of equal numbers, one
with and without prior BLE.

FC-GLA and ZLS-GLA specimens were glazed using
appropriate glaze powder and liquid (Vita Akzent Plus,
VITA Zahnfabrik, Germany) in accordance with the
manufacturer’s recommendations. The HC specimens
were only mechanically polished due to the microstruc-
tural limitation of containing resin content [4]. FC-POL,

mined as 60 min. After BLE, the specimens were washed,
rinsed and measurements were taken [17].

Each specimen was kept in its own 10 ml container
throughout the process. According to the manufacturers,
the average consumption time for beverages such as tea
or coffee are 15 min. In this case, 24 h of storage in the
beverage is roughly 1 month of consumption. To simu-
late a period of 2.5 years, a 28-day immersion period was
applied, and color measurements were taken on the 1st,
14th and 28th days [18].

After immersion process, the specimens were washed,
dried and then started to PDP. For this purpose, a dental
contra-angle angldruva (CrossPro, Anthogyr SA, France)
operating at 16:1 speed was used and the rotational speed
was set to 2500 rpm. A fine-particle prophylaxis paste
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(Proxyt Fine, Ivoclar Vivadent, Germany) was used as a
paste. For each specimen, 0.05 mL of paste was applied
to the specimen surface and POL was performed. PDP
is performed 4 times a year and takes approximately 20 s
to remove one side of a tooth. Therefore, PDP was per-
formed for 1.5 min in each specimen to simulate a 1-year
prophylaxis [19]. After PDP, color measurements were
taken.

All color measurements were done in a custom made
color booth to standardize the environmental condi-
tions during measurements and to prevent the ambient
light from causing errors in color measurements [20].
The inside of the booth prepared in dimensions of 30 cm
% 130 cm X 70 cm was covered with neutral gray back-
ground cardboard [21]. The booth had a daylight-imi-
tating lamp (Philips Master TL-D 90 De Luxe 18 W/965
1SL 65000 K, Eindhoven, Netherlands) and was in a dark
room. Color measurements were performed on the cen-
ter of the specimens with a spectrophotometer (Vita
Easyshade V, VITA Zahnfabrik, Germany). The spectro-
photometer gives the three-dimensional color values of
Commission Internationale de 'Eclairage (CIE) L* (light-
ness), a* (red-green) and b* (blue-yellow). The magnitude
of the color change was calculated using the following
formula [22]:

( AL )2 ACT N AH'\?
) (5] (2%
AFyy = K.S. KcSe KySu

iR AC! AH'
"\ KoSe ) \KuSy

Statistical analysis was performed with a statistical soft-
ware package (Statistical Analysis Software SAS 9.4, SAS
Institute, USA). For the analysis of discoloration values,
3-way ANOVA test were applied. Bonferroni corrected
post-hoc test were used if a significant mean difference
was found in any of these two independent variables.
Cohen d post-power test, was applied to determine the
effect size of the analyses (a=0.05).

1/2

Results

Results of 3-way ANOVA for color change values are
shown in Table 2. The effect of all other actions except
material-BLE-beverage on color for BAS-Day 28 was
statistically different (p<0.05). The effect of material,
material-BLE, beverage on color for Day 28-PDP was sta-
tistically different (p<0.05).

The results of the Bonferroni test for beverage-mate-
rial are in Table 3. For BAS-Day 1, the lowest color
change was in the HC immersed in DIS and the high-
est color change was in ZLS-GLA immersed in DIS
(AEy,=2.6, p=0.0001). For BAS-Day 14, the lowest
color change was in HC immersed in SAM (AE,,=0.9,
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p=0.0015) and the highest color change was in ZLS-GLA
immersed in SAM (AEy,=2.3, p=0.0015). For BAS-Day
28, the lowest color change was in HC immersed in DIS
(AEy,=1.3, p=0.0001) and the highest color change was
in FC-POL immersed in ENE (AEy,=5.4, p=0.0002).
For Day 28-PDP, the lowest color change was in ZLS-
POL immersed in DIS (AEy,=1.3, p=0.0001) and the
highest color change was in FC-POL immersed in ENE
(AEgy=4.2, p=0.0101).

Bonferroni test results of BLE-material are shown in
Table 4. For BAS-Day 1, the lowest color change was in
non-BLE HC (AE,,=0.5, p<0.0001) and the highest color
change was in non-BLE ZLS-GLA (AE;,=2.8, p<0.0001).
For BAS-Day 14, the lowest color change was in HC
without BLE (AE,,=0.7, p<0.0001) and the highest color
change was in ZLS-GLA with BLE (AE,=2.3, p=0.0011).
For BAS-Day 28, the lowest color change was in BLE-
treated ZLS-GLA (AE,,=1.2, p<0.0001) and the high-
est color change was in BLE-treated FC-POL (AEy,=5.4,
p<0.0001). For Day 28-PDP, the lowest color change
was in BLE-treated ZLS-POL (AEy,=1.5, p=0.0006) and
the highest color change was in non-BLE-treated HC
(AEy,=4.6, p<0.0001).

The results of the Bonferroni test of BLE-beverage are
in Table 5. The values between specimens with and with-
out BLE immersed in ENE for BAS-Day 14 (p=0.0149),
in ENE or SAM for BAS-Day 28 (p=0.0496, p=0074,
respectively), and in ENE or SAM for Day 14-Day 28
(p=0.0039, p=0.0002, respectively) were statistically
different.

Bonferroni test results for material, beverage and BLE
are in Table 6. For BAS-Day 1, the ranking of material
color change was ZLS-GLA >FC-GLA>FC-POL>ZLS-
POL>HC (p=0.0003). The ranking of material color
change for BAS-Day 14 was ZLS-GLA>FC-POL>FC-
GLA>FC-GLA>HC>ZLS-POL (p=0.0011). For
BAS-Day 28, the ranking of material color change
was FC-POL>FC-GLA=ZLS-GLA>ZLS-POL>HC
(p<0.0001). The ranking of color change for Day 28-PDP
material was HC>FC-POL>ZLS-POL>FC-GLA>ZLS-
GLA (p<0.0001).

On BAS-Day 1, ZLS-GLA (AEy,=2.3) had the high-
est color change and HC (AE,,=1.2) had the lowest
(p=0.0003). On BAS-Day 14, ZLS-GLA (AE),=2.3)
had the highest color change and ZLS-POL (AE00=1.2)
had the lowest (p=0.0011). On BAS-Day 28, FC-POL
(AEyy=4.2) had the highest color change and HC
(AE(,=2.0) had the lowest (p<0.0001). On Day 28-PDP,
HC (AEy,=3.3) had the highest color change and ZLS-
GLA (AEj;=1.8) had the lowest (p<0.0001). On BAS-
Day 28, beverage color change tended to be highest in
ENE (AEj,=2.9) and lowest in DIS (AE,;=2.3) (p<0.05).
On Day 28-PDP, the highest color change for the
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Table 2 Results of 3-way ANOVA
Source SS MS FValue ProbF Cohend
BAS-Day 1 Material 38.205 9.551 6.932 0.000 0.785
BLE 0.131 0.131 0.095 0.758 0.046
Material-BLE 70.639 17.660 12.818 0.000 1.067
Beverage 0976 0488 0.354 0.702 0.125
Material-Beverage 21.374 2672 1.939 0.057 0.587
BLE-Beverage 0.964 0482 0350 0.705 0.125
Material-BLE-Beverage 15137 1.892 1373 0.211 0.494
BAS-Day 14 Material 20412 5.103 6.496 0.000 0.760
BLE 10.654 10.654 13.564 0.000 0.549
Material-BLE 22412 5.603 7133 0.000 0.796
Beverage 0.690 0.345 0439 0.645 0.140
Material-Beverage 12.375 1.547 1.969 0.053 0.592
BLE-Beverage 5.747 2874 3.658 0.028 0403
Material-BLE-Beverage 27.825 3478 4428 0.000 0.887
BAS-Day 28 Material 148497 37.124 17.151 0.000 1.235
BLE 21484 21484 9.925 0.002 0470
Material-BLE 109.624 27406 12.661 0.000 1.061
Beverage 14.339 7.170 3312 0.039 0.384
Material-Beverage 87.951 10.994 5.079 0.000 0.950
BLE-Beverage 19.202 9.601 4436 0.013 0444
Material-BLE-Beverage 17.752 2219 1.025 0419 0427
BAS-PDP Material 153.277 38319 17.979 0.000 1.264
BLE 0.150 0.150 0.070 0.791 0.040
Material-BLE 85.815 21454 10.066 0.000 0.946
Beverage 7.209 3.604 1.691 0.187 0274
Material-Beverage 39.091 4.886 2293 0.023 0.638
BLE-Beverage 14.206 7.103 3333 0.038 0.385
Material-BLE-Beverage 38.539 4.817 2.260 0.025 0.634
Day 1-Day 14 Material 74.935 18.734 11.954 0.000 1.031
BLE 2.058 2.058 1.313 0.253 0171
Material-BLE 30.724 7.681 4.901 0.001 0.660
Beverage 0.231 0.116 0.074 0929 0.057
Material-Beverage 10.206 1.276 0814 0.591 0.380
BLE-Beverage 1.016 0.508 0.324 0.724 0.120
Material-BLE-Beverage 11.795 1474 0.941 0484 0.409
Day 14-Day 28 Material 187.317 46.829 19.849 0.000 1.328
BLE 46.353 46.353 19.647 0.000 0.661
Material-BLE 94.787 23.697 10.044 0.000 0.945
Beverage 10.937 5468 2318 0.101 0.321
Material-Beverage 44933 5617 2.381 0.018 0.651
BLE-Beverage 44410 22.205 9412 0.000 0.647
Material-BLE-Beverage 39.723 4.965 2.105 0.038 0612
Day 28-PDP Material 96.620 24.155 9.486 0.000 0918
BLE 0.184 0.184 0.072 0.789 0.040
Material-BLE 51.598 12.899 5.066 0.001 0671
Beverage 20.991 10496 4122 0.018 0428
Material-Beverage 23.076 2.885 1133 0.343 0.449
BLE-Beverage 0.271 0.135 0.053 0.948 0.049
Material-BLE-Beverage 10.073 1.259 0494 0.859 0.296
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Table 3 Bonferroni test results of beverage-material
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Table 4 Bonferroni test results of BLE-material

ENE DIS SAM pl-
(n=70) (n=70) (n=70) value
BAS-Day1 FC-GLA 8(154) 24(213)a 13(061) 01943
FC-POL 6(1.21) 1(044° 19(088) 00634
ZLS-GLA  23(131) 6(1407 22(1.84) 07868
ZLS-POL 1(042) 9(0.70)° 15(224) 05283
HC 3(1.06) 07(082° 16(122) 00887
p-value 0.1123 0.0001 0.5378
BAS-Day 14 FC-GLA 9 (1.39) 12(1 16)  1.1(048)° 0.1093
FC-POL 1(063)°  1.5(1.54) 6(1.12)° 05137
ZLS-GLA  1.9(0.80) 19(1 54) 3(1.22° 05789
ZLS-POL 0(064° 13(0.78) 09(0 46)°  0.1654
HC 14(1.06)° 1.0(0.79) 5(098)° 02579
p-value 0.0316 0.3935 0.0015
BAS-Day 28 FC-GLA 26 150018 26(1.23" 0.0271
(13524
FC-POL 5442772 48 24(1958 0.0177
(1204
ZIS-GLA 170107 22(155° 27(1.09 01299
ZLS-POL  21(1.12°  20(135° 2.1(.06) 09810
HC 2.7 13(081)%% 1.9(1.07)® 0.0028
(1,084
p-value 0.0002 0.0001 0.6659
BAS-PDP  FC-GLA  19(0.97)° 18(150° 20(033)° 08502
FC-POL 44 (503 35(041° 27(1.35° 03205
ZLS-GLA  22(065° 29(1.77)° 2.7(098)° 0.2888
ZLS-POL 15 2(0.74)% 20 0.0716
(0.72)%° (0.92)%"
HC 45(1.24>% 29 3.7 0.0010
095P¢  (082)*°
p-value 0.0013 0.0001 <0.0001
Day 1-Day FC-GLA 15(210)b 15(1.92)° 05(046)° 02184
14 FC-POL 1(0.39)° 10(1 300°  1.2(044)° 09199
ZLS-GLA 22 (1 342 2.1 (2.15)7° 24(1 777 09292
ZLS-POL 0.9 (0.48) 09(0 53 13(215° 07320
HC 04(024° 04(0.16)° 03(028)° 0.9302
p-value 0.0017 0.0287 0.0008
Day 14-Day FC-GLA 28 160428 19 0.0266
28 (1.85)0A (0.89)>8
FC-POL 4.9 (4.63)° 1(1.84°  29(233)7 02487
ZLS-GLA  22(126)° 22(2.16° 32(1.19° 0.1272
ZLS-POL  21(120° 24(151)° 20(1.75° 0.7405
HC 14 8(0.75)8 09 0.0192
(0.38)4A (0.44)-®
p-value 0.0027 0.0001 0.0006
Day 28-PDP FC-GLA 1.7 (0.84)>® 1.5(099)%% 26(066)" 0.0065
FC-POL  42(453° 24(101)° 30(161) 02431
ZLS-GLA  18(081)° 16(060) 20(1.10) 04761
ZLS-POL  19(1.53)° 13(1 25° 25(1.94) 01670
HC 36(1.29°  3.1(1.17)  33(095) 05254
p-value 0.0101 0.0001 0.1085

T ANOVA F-test p-value:

Same superscript lowercase letters represent no
significant difference in columns and same superscript capital letters indicate

no significant difference in rows

No (n=105) Yes(n=105) p-value

BAS-Day 1 FC-GLA  12(1.19)° 401737 0.0122
FC-POL 22 (066) 8(0.62)° <0.0001
ZLS-GLA  2.8(1.99)° 18(0.35)° 0.0246
ZLS-POL 14 (1.84)° 9 (0.54) 02412
HC 0.5 (0.51)° 2.0 (1.03) <0.0001

p-value <0.0001 <0.0001

BAS-Day 14 FC-GLA  09(040)° 19(1.38 0.0040

) )?

FC-POL  1.5(0.35)° 14(161)° 0.7361
ZLS-GLA  1.8(1.25)° 23(1.14)° 0.1634
ZLS-POL  13(0.77)° 0.9 (0.44)° 0.0306
) )

HC 0.7 (0.44)° 2.0 (0.88) <0.0001

p-value <0.0001 0.0011

BAS-Day 28 FC-GLA  18(0.75)° 2.7 (156)° 0.0239
FC-POL  30(135)° 54 (3.74) 0.0094
ZLS-GLA  3.2(0.77)° 12(083)° <0.0001
ZLS-POL  1.5(1.29)° 2.7 (153)° 0.0091
HC 16(0.89)° 23(1.23)P 0.0273

p-value <0.0001 <0.0001

BAS-PDP FC-GLA  1.8(0.77)1 2.0 (1.24) 04350
FC-POL  25(0.96) 46 (396)° 0.0263
ZLS-GLA 34(1.18)P 1.7 (0.55)° <0.0001
ZLS-POL 15 (0.99) 1.7 (0.66)° 0.5469
HC 42(1.15) 32(0.98)P 0.0021

p-value <0.0001 <0.0001

Day 1-Day 14 FC-GLA 0.7 (1.30)° 1.7 (1.90)° 0.0503
FC-POL 1(043)° 1(1.07)P 0.9027
ZLS-GLA 2.9 (2.17) 16 (0.83)° 00159
ZLS-POL 14 (1.75)° 0.7 (0.29)° 0.0875
HC 04 (0.24)° 0.3(0.22)° 0.2482

p-value <0.0001 <0.0001

Day 14-Day 28 FC-GLA 1.7 (0.64)° 25(165P° 00519
FC-POL  22(0.95) 5.7 (3.69)° 0.0001
ZLS-GLA 2.4 (1.82)7? 27 (148)° 0.5397
ZLS-POL 2.0 (1.66)° 3(129P 0.5344
HC 1(065) 0.9 (0.52)° 02117

p-value 0.0196 <0.0001

Day 28-PDP FC-GLA  1.8(0.84)° 1(.02P 04112
FC-POL  24(121)° 40 (3747 0.0676
ZLS-GLA  1.9(1.00)° 1.7 (071)¢ 0.5324
ZLS-POL 22 (1.67)° 16 (157)° 0.2270
HC 40(0.90) 27 (0.93)° <0.0001

p-value <0.0001 0.0006

beverage was in ENE (AEj,=2.7) and the lowest in DIS
(AEy,=2.0) (»=0.0355).

Discussion

In this study, two hypotheses were rejected, because
material/polishing method, BLE, beverages and PDP led
to discoloration of the tested materials. The CIEDE2000
color difference formula (AE) is reported to be superior
to the previously used CIELAB formula (AE,) in terms
of perceptibility and acceptability of color difference. This
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Table 5 Bonferroni test results of BLE-beverage

No (n=105) Yes (n=105) p-value
BAS-Day 1 ENE 1.6 (1.24) 1.6(1.18) 0.9579
DIS 1.5(1.54) 1.6(1.37) 0.8333
SAM 1.8(1.91) 1.6 (0.87) 0.5032
p-value 0.7041 0.9380
BAS-Day 14 ENE 1.2 (0.57) 1.8 (1.24) 0.0149
DIS 14(1.18) 14(1.27) 0.9934
SAM 1.1(0.52) 1.9(1.22) 0.0009
p-value 0.3879 0.1915
BAS-Day 28 ENE 2.3(0.96) 35(3.31) 0.0496
DIS 24(1.53) 2.2(1.92) 0.6186
SAM 1.9 (1.20) 2.8(1.67) 0.0074
p-value 0.1299 0.1033
BAS-PDP ENE 2.6 (1.56) 3.2(343) 0.2995
DIS 2.7 (1.55) 2.2(1.23) 0.1061
SAM 2.7(1.18) 2.5(1.05) 0.3030
p-value 0.8541 0.1193
Day 1-Day 14 ENE 1.2 (1.09) 1.2(1.45) 0.9864
DIS 1.3(1.80) 1.1(1.18) 04764
SAM 1.3(1.88) 1.0(0.77) 0.3426
p-value 0.9628 0.6816
Day 14-Day 28 ENE 1.8 (1.05) 3.6(3.32) 0.0039
DIS 2.4 (1.69) 20(1.92) 04277
SAM 1.5(0.86) 2.9(1.96) 0.0002
p-value 0.0101 0.0427
Day 28-PDP ENE 2.6 (1.60) 2.7 (3.09) 0.9696
DIS 2.1(1.33) 1.9 (1.06) 0.5992
SAM 2.7(1.17) 2.7 (1.56) 0.8857
p-value 0.1131 0.2363

formula, developed by the CIE in 2013, is considered the
standard for color difference detection. The AE,, formula
basically measures the distance between two points in
color space, whereas the AE, formula includes the lumi-
nance effect by adding S; [23]. Therefore, the AE, color
difference formula was chosen for this study. In previ-
ous studies testing CAD-CAM FC [22], ZLS [23] and
HC [24], 0.8/1.8 was found to be appropriate for PT/AT
values; therefore, 0.8/1.8 was chosen for PT/AT in this
study.

Spectrophotometers, spectroradiometers, colorimeters
and digital cameras are currently the most recommended
instruments for color measurement in dentistry. Spectro-
radiometers designed for the measurement of radiomet-
ric values are the most recommended instruments for
determination of the tooth color or translucency of the
ceramic core structure [25]. In this study, we aimed to
investigate color change on the surfaces of dental mate-
rials due to external factors. Spectroradiometers are
extremely sensitive instruments, where even the slightest
error in the position of the measuring device is difficult
to tolerate and should be handled with extreme caution.
In this study, since a total of 5 measurements were taken
from 210 specimens, it was necessary to select a device
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more suitable for the working conditions. For these rea-
sons, the Vita Easyshade V spectrophotometer device
was used in this study [26].

Moreover, this instrument was used in previous stud-
ies for teeth [27], polymethyl methacrylates [28], resin
composites [29] and ceramics [9]. Dozic et al. [30] stated
that Vita Easyshade can make reliable measurements
compared with some colorimeters and digital cameras
and explained that these three different types of devices
can be tested in in vitro studies. Igiel et al. [31] stated that
given their accuracy (from 66.8 to 92.6%) and precision
(from 87.4 to 99.0%), it is an excellent example among
color determination methods. In this study, a custom-
made color booth was prepared to ensure standardiza-
tion and to prevent ambient light from causing errors
[20].

According to the results, the color change exceeded
the AT after 28 days in all specimens, except for FC-
GLA and HC immersed in DIS and ZLS-GLA specimens
immersed in ENE. Between day 1 and day 14, AT was
exceeded in all other specimens, except for ZLS-GLA
immersed in DIS, ENE or SAM. From day 14 to day 28,
AT was exceeded only in FC-GLA immersed in DIS and
not in HC immersed in DIS, ENE or SAM. When the
color change values obtained from BAS to day 1, BAS to
day 14 or BAS to day 28 were examined, no specimens,
regardless of the beverage in which they were immersed,
had a color change lower than PT.

In this study, a new HP formula (25% HPS) was used
for in-office BLE. In this study, BLE was found to be influ-
enced in color change of restorative materials, which was
consistent with previous studies [8, 32, 33]. Conventional
in-office BLE gels mostly contain 30—-35% HP. It has been
reported by the manufacturer that 25% HPS has a dif-
ferent content than conventional in-office BLE gels and
therefore is more effective [34]. It was necessary to inves-
tigate this claim. In previous studies [8, 32] the 6% formu-
lation of HPS used for at-home BLE was tested and the
magnitude of the effect was found increased with time.
In this study, 25% HPS produced a similarly noticeable
effect on the materials tested. According to the results, at
the end of 28 days, the color change did not exceed AT in
FC-GLA, ZLS-POL and HC specimens without BLE, but
exceeded it in specimens with BLE (p=0.0239, p=0.0091,
p=0.0273, respectively). These results were possibly due
to the amount of content and concentration. In contrast
to conventional BLE gels, HPS contains CP and vinyl
pyrrolidone peroxide in combination, as well as heat-
reversible poloxamer to adjust the viscosity. When the gel
comes into contact with the tooth surface, an exothermic
reaction cycle occurs, resulting in an increase in the mag-
nitude of the effect.

When the BLE agent contacts the surface of a
ceramic material for a long time, it may cause surface
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Table 6 Bonferroni test results for material, beverage and BLE
FC-GLA (n=42) FC-POL (n=42) ZLS-GLA (n=42) ZLS-POL (n=42) HC (n=42) p-Value
BAS-Day 1 18(1.59)° 15(0.94)8 230151 12(1.36) 12(1.09)¢ 0.0003
BAS-Day 14 1401128 4(1.15)° o2 1(0.66)° 13(0.96) 0.0011
BAS-Day 28 2.2(1.29)8 2 (3.03)" 2(1.29)8 1(152)° 20(1.13)8 <0.0001
BAS-PDP 19(1.03)¢ 3.5(3.03) 6(1.23)8 16(0.83)° 37 (1.19% <0.0001
Day 1-Day 14 12(1.69)° 1(0.81)8 22 (174" 0(1.29)8 04 (0.23) <0.0001
Day 14-Day 28 2.1(1.29) 0321 2.5(1.64)° 2(1.48)8 1.0 (059)¢ <0.0001
Day 28-PDP 19(0.93) 2287 1.8(0.86)° 9(163)° 33(1.14)° <0.0001
ENE (n=70) DIS (n=70) SAM (n=70) p-value
BAS-Day 1 1.6 (1.20) 1.5(1.45) 7(148) 0.7742
BAS-Day 14 1.5 (1.00) 14(1.21) 5(1.01) 0.7438
BAS-Day 28 2.9 (2.49) 23(1.72) 3(1.52) 0.1569
BAS-PDP 2.9 (2.66) 25(142) 26(1.12) 0.3539
Day 1-Day 14 12(1.27) 12(1.51) 1(1.44) 0.9437
Day 14-Day 28 2.7 (2.60) 22(1.81) 2 (1.66) 0.2794
Day 28-PDP 2.7 2440 2.0(1.20)° 7037 0.0355
No (n=105) Yes (n=105) p-value
BAS-Day 1 16(1.57) 6(1.15) 0.7934
BAS-Day 14 12(081) 7(1.25) 0.0022
BAS-Day 28 22(1.27) 9 (2.44) 0.0181
BAS-PDP 27(143) 26221 0.8354
Day 1-Day 14 13(1.62) 1(1.16) 0.3087
Day 14-Day 28 1.9(1.30) 8(2.54) 0.0009
Day 28-PDP 25 (140) 4(2.10) 0.8103

deterioration as in resin composites. Free radicals such as
H* and H;O" produced by alkali ions infiltrate into the
material matrix and cause dissolution of ceramic glass
networks, disintegration of SiO, and K,O, components,
abrasion of the surface, destruction of chromogens and
formation of a less light-reflecting surface. The quality of
surface polishability reduces the magnitude of exposure
to external factors [35]. Alshali et al. [36] reported that
the polishability quality may change depending on the
material structure. In this study, when the results of BLE
treated ceramic specimens after 28 days were analyzed,
it was found that mechanically polished FC was more
influenced than glazed FC, mechanically polished ZLS
was more influenced than glazed FC and mechanically
polished ceramics were more influenced than hybrid
ceramic (p<0.0001).

Previous studies [35, 37] had reported that the appli-
cation time is significant in the effect of BLE on ceram-
ics. Similar to this study, the number of studies in which
glazed and mechanically polished ceramics were exam-
ined together is insufficient, and studies [14, 33] found
that glazed surfaces were less affected than mechani-
cally polished surfaces in parallel with this study. The
researchers reported that the magnitude of the effect of
BLE is related to the application time.

FCs have microstructurally a single-phase and multi-
porous structure. In ZLSs, lithium disilicate crystals have
a large, rod-like appearance and cerium, the equalizing
material of zirconium oxide and tetragonal zirconium,

is properly dispersed throughout the structure. In this
study, with BLE or ENE, higher resistance to color change
after 28 days was obtained for glazed FCs and ZLSs than
for mechanically polished ones. In a study by Ramos et
al. [38] using energy dispersive spectroscopy (EDS), it
was found that the needle-like rods on the surface of ZLS
were so covered that they were invisible. This may be an
indicates that the glaze layer is able to protect the mate-
rial well against external factors.

Furthermore, Ramos et al. [38] stated that according to
the results of the study, the water permeability of HC and
the resulting degradation of its structure should be inves-
tigated, and it was surprising that the calculated density
of HC was higher than FC and ZLS. As can be seen, HC
is a suitable material for testability and therefore hybrid
ceramics were used for comparison with ceramics. In this
study, the components such as hydrophobic urethane
dimethacrylate (UDMA) and hydrophilic triethylene gly-
col dimethacrylate (TEGDMA) may also be effective in
the color change on the surface of HC. In the study by
Asthiani et al. [39], HC was more affected by beverages
than ZLS and reported that this was due to TEGDMA
absorbing staining pigments into the material.

The focus of this study was to investigate three materi-
als with different structures and the selection of materials
was structurally based on the fact that all three materials
were ceramic based. The first material was a feldspathic
ceramic, which has been used in the majority of stud-
ies. The other was zirconia-reinforced lithium disilicate
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ceramic, which is a newly developed product. Since it
is a newly developed product, hybrid ceramic, which is
a polymer infiltrated ceramic, was selected as the third
material [38]. The selection of material during the design
of the study was in accordance with the study by Ramos
et al. [38]. In HC, it is claimed that the cracks in the
polymer network are stopped by the ceramic phase and
therefore the structural reliability is high, but it was nec-
essary to determine to what extent the superiority of this
ceramic over color-changing agents was different [38].

Resin-nanoceramics are alternative to HCs. Lava Ulti-
mate (3 M ESPE), one of these, contains 80% nanofiller
by weight and CeraSmart (GC Dental), another prod-
uct, 71%. These products are probably produced at high
pressure and temperature [40]. Unlike resin compos-
ites, HCs contain two interconnected networks, poly-
mer and ceramic. In a previous study [41], a crystalline
structure with leucite and secondary zirconium sur-
rounded by polymer was identified in HCs. HCs are more
similar to ceramics than resin-nanoceramic materials
in terms of causing wear on opposing teeth and elastic
modulus value. Moreover, Lava Ultimate (3 M ESPE), a
resin-nanoceramic product, is not recommended by the
manufacturer for full crowns because it produces micro-
segregation at the interface between the crown and tooth
under occlusal load [40]. In this study, we wanted to
evaluate the more commonly recommended materials
for full crowns; therefore, Lava Ultimate was eliminated.
For comparison with ceramics, HCs, which are closer in
structural properties to ceramics, were preferred com-
pared to resin-nanoceramics.

Dental materials can be discolored over time by saliva
or acidic beverages [42]. In this study, RedBull energy
beverage with a pH of 3.18 was used [11]. Silva et al. [11]
reported that the surface degrading effect of RedBull
varied with consumption frequency and time. Elhamid
and Mosallam [43] found that even when carbon dioxide
evaporated from energy beverages, the pH level remained
low. Dos Santos et al. [44] reported that citric acid in car-
bonated beverages is the main factor for material surface
degradation. Acidic beverages for dental ceramics cause
selective extraction of alkali metal ions with low stabili-
sation in the glass matrix. Insufficient polymerisation of
the material, water absorption and the pigment type of
the beverage for resin-containing ceramics are important
factors [45]. ENE and SAM used in this study, contain
citric acid and staining pigments. The staining pigments
contained in these beverages possibly caused the discol-
oration and over time the acid caused the surface of the
material to deteriorate, facilitating the retention of the
pigment.

In this study, FC-POL immersed in ENE had the high-
est color change after 28 days (AEj,=5.4, p=0.0002)
and HC immersed in DIS had the lowest color change
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(AEy,=1.3, p=0.0001). According to the BLE-bever-
age interaction, at the end of 28 days, the highest color
change was found in the specimens with BLE and
immersed in ENE (AEy,=3.5, p=0.0496), and the low-
est in the specimens without BLE and immersed in SAM
(AEy=1.9, p=0.0074). When the literature was reviewed,
no study on the effect of energy beverages on HC was
found, but a few studies [12, 46] on the effect of energy
beverages on ZLS were found and in these studies, it was
reported that low pH and dietary habits affected on the
effect of energy beverages on discoloration. Since energy
beverage consumption increased especially in young
people after the Covid-19 pandemic, this type of study
was needed [12].

There are many studies investigating the effect of bev-
erages on the color of restorative materials. These stud-
ies mostly include beverages such as tea, coffee, cola, and
wine [19, 46]. There is no study in the literature on the
effect of immune-boosting beverage with black elder-
berry, whose consumption has increased since the Covid-
19 pandemic due to its antiviral properties, on the color
of ceramic [47]. Tokuc and Sukur [48] evaluated resin
composites for white spot lesions in their study on chil-
dren’s teeth. Consistent with this study, Sambucus Nigra
caused clinically unacceptable color change. In this study,
after 28 days, SAM tended to produce a color change
similar to DIS. The fact that the specimens had been sub-
jected to BLE increased the magnitude of color change
due to SAM.

PDP is a polishing procedure that the majority of clini-
cians perform after prosthetic treatment to remove dis-
coloration and plaque deposits [13]. Nowadays, a new
generation of PDP pastes with lower dentin abrasiveness
has been developed and their effects on dental materials
should be investigated. This study is in agreement with
the study of Elhamid and Mosallam [43] who investigated
the effect of PDP on resin composites. Depending on the
type of paste, the effect of PDP on the surface may differ
[49]. In this study, a paste containing fine silica particles
with a RDA of 7 was used. According to the findings of
this study, PDP is effective for restoring the color of
materials discolored by beverages. This restoring effect
was most successful in ZLS-GLA and HC for ENE, FC-
GLA, ZLS-GLA and HC for DIS, and FC-POL and HC
for SAM. Regardless of the beverage, when BLE and non-
BLE specimens were compared, color recovery was more
successful in non-BLE specimens; HC and ZLS-GLA
were superior to other materials in this respect. Regard-
less of the material, when evaluated in terms of BLE-bev-
erage, color recovery was better in all specimens without
BLE and immersed in DIS, ENE or SAM compared to
those with BLE.

Ceramic stains contain pigments composed of raw
metal oxides. The color of ceramics after firing may vary
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depending on the type of ceramic or stain. In a previ-
ous study [50], yellow stain applied to body porcelain
increased the gloss of the porcelain, whereas blue, pur-
ple and red stains decreased it. In another study [51], it
was reported that yellow and orange stains exhibited low
color stability during firing. Color differences may result
due to the addition of metal oxides under different oxi-
dation conditions [52]. The magnitude of the porosities
in the ceramic structure, number of firings and temper-
ature can also cause changes in the color effect of stain
pigments [53]. In this study, in order to standardize the
glazing conditions, only the glazing powder-liquid set
suitable for the glazing process was used, without the use
of external stains.

A limitation of this study was that intraoral conditions
cannot be fully simulated. Exposing both sides of the
specimens to beverages does not fully represent clinical
scenarios where only one side is mostly exposed to colo-
rants. This study adds to the literature in many ways, but
future in vivo and in vitro studies are needed to investi-
gate the effects of immune-boosting beverages, energy
beverages, bleaching and new PDP paste on the surface
properties of newly developed CAD-CAM materials.

Conclusions
The results within the limitations of this study are as
follows:

1. After 28 days, the highest color change was in
FC-POL immersed to ENE and the lowest in HC
immersed to DIS. Color recovery by PDP was most
effective in HC specimens immersed ENE, DIS or
SAM.

2. The BLE treatment of the materials resulted in a
higher magnitude of color change due to beverages.
In both BLE and non-BLE HC specimens, PDP
provided effective correction of color. At the end
of 28 days, the highest color change was found in
specimens immersed in ENE and BLE, and the
lowest in specimens immersed in SAM and no BLE.
Color recovery was lower in BLE treated specimens
compared to non-BLE treated specimens, regardless
of the beverage in which they were immersed.

3. In terms of material, FC-POL had the highest
color change and HC the lowest, while in terms of
beverage, ENE had the highest color change and
SAM and DIS the lowest.
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