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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Рurроse: To evaluate the influence of aging, beverages, and 

mouthwash solutions on the microstructural and color stability 
of three CAD/CAM ceramic materials.

Materials and Method: In total, 87 specimens (7×5×1.5 mm) 
were prepared from 3 CAD/CAM ceramic groups, Lithium 
Disilicate glass ceramic (IPS e.max CAD), Extra translucent 
zirconia (VITA YZ), and Resin Nanoceramic (Cerasmart 
270). All the materials were A2 or equivalent shades. After 
hydrothermal aging in distilled water at 5 C to 55 C for (10.000 
cycles). The samples were randomly allocated into 3 groups 
(n=27) and immersion (staining) for one week in 3 different 
solutions coffee, green tea, and chlorhexidine. The baseline 
measurements of ceramic discs were recorded for color change 
and 2 samples of each group sent for SEM (microstructure) 
images before aging and staining. The second measurement was 
recorded after 10000 thermocycling and immersion in staining 
agents for 7 days. Statistical analysis were performed with an 
independent Kruskal-wallis test . The significant level was 
set at P ≤ 0.05. Results: ∆E values for lithium Disilicate after 
immersion in coffee, green tea and chlorhexidine gluconate 
were 3.167, 1.847 and 2.022, respectively. corresponding ∆E 
values for VITA XT were 3.438, 4.201 and 2.267. meanwhile 
Cerasmart shows more sensitivity for staining than LD and 
VITA of 4.454, 2.926 and 2.933.

Conclusion: within limitation of this study lithium disilicate 
showed the best color stability with values less than perception 
threshold. VITA and Cerasmart show higher sensitivity for 
staining with VITA more affected by green tea (Higher than 
clinically accepted threshold) and Cerasmart more affected by 
coffee (higher than clinically accepted threshold).

Key words. Dental aging, beverages, mouthwash solutions, 
dental microstructural, dental ceramics.
Introduction.

The need for aesthetic is consistently increasing as a result 
of a society that places a high value on aesthetics. The field 
of aesthetic dentistry has introduced a multitude of advanced 
clinical techniques and has sparked a transformative shift 
in dental materials [1]. The advanced aesthetic CAD/CAM 
materials transformed the two-step bilayer, ceramic restoration 
to a monolithic single step restoration that decreased the 
veneering chipping and wear issues [2]. Because of their superior 
physical qualities, attractive appearance, best biocompatibility, 
low heat conduction, and good wear resistance, dental ceramics 
are perfect for recreating natural teeth. As a result, ceramics 
are used extensively in dental restorations, including porcelain 
veneers, crowns, inlays, and onlays [3]. Among the often-
employed aesthetic dental ceramic materials in routinely dental 
clinic are glass ceramics, polycrystalline ceramics, composite 
resins, and translucent zirconia [4].

The lithium disilicate (LD) is the widely utilizing glass 
ceramic material because of its excellent optical properties, 
high strength, less porosity, easily fabrication and less likely to 
crack or chip. Despite the fact that lithium disilicate is a useful 
indirect restoration material, there is some limitations of (LD) 
when we try to restore bruxism patients, or patients with heavy 
occlusion or non-vital teeth because of fracture toughness [1]. 
Yttrium stabilized trigonal zirconia polycrystalline (Y-TZP) 
was developed as a result of the need for a material with 
both the excellent optical features of glass-ceramic and the 
mechanical properties afforded by metal restoration. Because 
of its restricted translucency (Y-TZP), it is difficult to create 
aesthetic restorations that look natural. Zirconia cores can have 
porcelain veneers placed over them to improve their appearance, 
although problems with veneer chipping and delamination have 
been noted frequently. Recently introduced high translucent 
monolithic zirconia have removed the necessity for significant 
reduction of tooth structure and also to reduce the chipping 
occurrence. From the main factors that affect the translucency of 
zirconia is a grain size, opacity is increased when the wavelength 
of the incident light less than the size of grains. the amount and 
types of dopants and stabilizers also affect translucency [5].

While ceramic continue to be the materials of choice for all 
indirect restorations, many manufacturers have introduced resin 
matrix ceramic materials, which blend polymer flexibility with 
ceramic beauty. Resin-matrix ceramics have a small particle 
microstructure that helps to avoid milling damage, increase 
mechanical performance, and shorten polishing time. Because 
no additional fire or sintering is necessary, resin-matrix ceramic 
materials provide a practical time- and cost-saving advantage 
for patients and physicians [6]. The intraoral structures react 
differently to the several beverages and mouth washes that 
people drink or use on a regular basis due to differences in their 
quantity, temperature, color, and content. Everyday solutions 
like coffee, green tea, and CHX can stain restorations in various 
ways [7].

The aim of this study was to assess the effects of staining by 
three different solutions on color stability and microstructure 
(SEM) of three CAD/CAM ceramic materials. The null 
hypothesis was that there would be no differences between the 
different ceramic groups after staining in regarding color and 
microstructure so that aging and staining procedures would not 
influence these properties.
Materials and Methods.

Specimens Preparation: A study was conducted to investigate 
three different types of dental ceramics, namely lithium 
disilicate glass ceramic (IPS emax CAD, Ivoclar vivadent, 
USA), VITA YZ Extra translucent Zirconia (VITA, Germany), 
and CERASMART 270 (hybrid ceramic, GC dental products, 



136

Japan). The total number of samples used in the study was 87, 
with each ceramic type having a sample size of (27). The color 
change value (∆E) of these materials were assessed both before 
and following the processes of staining. The compositions of 
the items under investigation are displayed in Table (1) of this 
study. The specimens, which were rectangular in shape, were 
created by cutting CAD/CAM blocks with dimensions of (7 mm 
x 5 mm x 1.5 mm) using a water-cooled low-speed saw (Isomet 
1000, Buehler.IL). The accuracy of the dimensions was verified 
using a digital micrometer. Subsequently, the specimens were 
polished using 400-, 600-, and 800-grit silicon carbide sheets 
while being continuously exposed to running water. Following 
the completion of the polishing process, the lithium disilicate 
specimens underwent glazing and crystallization in a Programat 
EP 3010 furnace manufactured by Ivoclar Vivadent, Schaan, 
Liechtenstein. On the other hand, the zirconia specimens were 
sintered in a ZETIN furnace (ZTCF-30B) in accordance with 
the instructions provided by the makers.

Table 1. CAD/CAM Materials.
Materials Composition Manufacturer

Cerasmart

Composite resin materials 
(UDMA, BisMEPP, DMA)with 
71wt.%SIO2(20nm)and barium 
glass(300nm) nanoparticles

Cerasmart (GC 
dental products 
Tokyo. Japan)

lithium 
disilicate glass 
ceramic(IPS 
emax CAD

57–80%SiO2,11-19% 
Li2O,K2O,MgO, Al2O3, P2O5 
and other oxides

Ivoclar vivadent, 
schaan, 
liechtenstein

Extra 
translucent 
zirconia

Zro2(86-91%),Y2O3(8-
10%),HFO2(1-
3%),AL2O3(0-1%) 
pigments(0-1%).

Vita zahnfabrik 
germany

Staining Process: The samples obtained from each ceramic 
material were randomly allocated into three subgroups, each 
consisting of (9) samples. The participants were organized 
into three categories based on the type of staining solutions 
used, namely chlorhexidine gluconate (CHX), coffee, and 
green tea. The ceramic samples underwent a thermocycling 
process consisting of 10,000 cycles in distilled water, with the 
temperature oscillating between 5ºC and 55ºC. After aging 
ceramic groups will go into staining as follows; 9 samples of 
each ceramic group were kept in coffee (Nescafe Classic) at 37 
degrees Celsius. It was made by dissolving in 300 ml of heated 
water (Nestle, Brazil). This subgroup's nine samples were kept 
in green tea at a temperature of 37 °C. For this, 300 ml of boiling 
water was added to two green label tea, lipton, turkey (2 g) tea 
bags. The samples (9) in this subgroup were kept at 37°C in a 
solution of chlorhexidine gluconate (perio KIN, spain).

Each ceramic sample was submerged in 15 ml of test solution 
for 7 days in a room setting with a regulated temperature of 
37 10 C. To keep the test solutions homogeneous, they were 
changed every day and mixed once every 12 hours. 7 days into 
the immersion phase, the testing solution was withdrawn from 
the specimens. They were blotted after being cleansed with 
distilled water using tissue paper to dry. 

Color Change Measurement Procedure: The color of each 
specimen was documented both prior and after the processes 

of thermocycling and immersion in the testing solutions. The 
color of each sample was measured at both intervals using a 
portable spectrophotometer (Vita Easy shade, Vita Zahnfabrik 
H. Rauter GmbH, Bad Sackingen, Germany) at the identical 
position, which was the center. During each instance, the color 
of the sample was measured on three separate occasions. The 
color of the disc was determined by taking the average value of 
three repeated color measurements. The CieLab color system 
was used to record three color characteristics, namely 'L', 'a', 
and 'b', for each ceramic sample. The formula used to determine 
the mean color difference resulting from the immersion of the 
sample is ∆E* = ((∆L*)2 + (∆a*)2 + (∆b*)2) × 1/2, where 
∆L* represents the change in L*(the color in the black – white 
axis), ∆a* represents the change in a*(red – green axis) , and 
∆b* represents the change in b*( the yellow – blue axis). In this 
study, a lower value of ∆E* was deemed indicative of superior 
shade matching performance. a score equal to or less than 3.5 
was deemed to be within an acceptable range [1].

Statistical Analysis: The statistical analysis was performed 
using SPSS 19. Data were analyzed by Kruskal-Wallis and 
Dunns analysis test.
Results.

Color Change Measurements: Table 2 summarizes the 
mean L, a, and b values for each investigated material as well 
as the mean color change (∆E) following immersion in the 
staining solutions. Upon submerging the ceramic samples in a 
coffee solution, the highest alteration in the mean color was in 
Cerasmart group (∆E=4.4), followed by VITAXT (∆E=3.4) and 
the least color change value was in lithium disilicate (∆E=3.1). 
The highest color change was also in Cerasmart group (∆E=2.9) 
after submersion in chlorhexidine solutions. the least was also 
lithium disilicate group (∆E=2.0). After green tea submersion 
the highest discoloration value was seen in VITA XT (∆E=4.2) 
and the least was also in lithium disilicate (∆E=1.8). CHX was 
the least staining solution between the coloring agents.

Table 2. Mean ∆L, ∆a , ∆b and mean colour change (∆E) values after 
staining  for all ceramic samples.
Ceramic type Staining solutions ∆L ∆a ∆b ∆E

Lithium 
disilicate

Coffee
Green tea
Chlorhexidine

-1.65
-1.266
-0.35

-0.2
-0.167
-0.025

-0.25
0.733
-1.225

3.167
1.847
2.022

VITA XT
Coffee
Green tea
Chlorhexidine

-1.85
-3.95
-1.275

0.475
0.1
0.2

-0.975
1.125
-0.725

3.438
4.201
2.267

Cersmart
Coffee
Green tea
Chlorhexidine

-0.35
0.2
2.575

1.2
0.55
0.65

4.225
2.775
1.075

4.454
2.926
2.933

Table 3. Kruskal-waallis analysis of mean color change between 
different cereamic groups.

Coffee Tea CHX
Kruskal-Wallis H 3.920 6.017 4.020
df 2 2 2
Asymp. Sig. 0.141 0.049 0.134

Table 3 demonstrate the results of Kruskal-Wallis analysis 
of mean color changes of all tasted materials. There was a 
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significant difference in the mean ∆E values between the groups 
within green tea solution.

Table 4 show the comparison between every 2 groups within 
the green tea solution using Duns test analysis demonstrated the 
significant difference between (LD) group with each VITA XT 
and Cerasmart.

Table 4. Dunes test to compare between each 2 groups with green tea 
solution.
Samples Test statics Sig.
LD-CER. -6.000 0.34
LD-VITA -6.000 0.34
CER.-VITA 0.000 1.000

Scanning Electron Microscopy: The SEM images of ceramic 
groups used in this study are shown in figure 1. Before staining 
the lithium disilicate show needle like shapes distributed 
across the homogenous background, these needles like shapes 
accumulates in some places to form un regular grain like shapes. 
After staining in 3 different solutions the lithium disilicate 
images figure 1 show no clear scratches or defects on the 
surfaces. as general there was disappearance of the needle like 
structures and these shapes looking now smaller and, rounded 
and widely distributed than before.

VITA XT SEM images before staining show the grain sizes 
are not uniform and the grain boundaries mostly visible the 
grain size mostly large with homogenous structure after staining 
there is no clear defects or deformity with same grain shape and 
clear boundaries as shown in Figure 1. 

For Cerasmart samples the SEM images show grainy surface 
with many different size protruding particles. The boundaries 
between the grains and the surrounding background are not 
clear.

After staining the images showed the same grainy surface with 
no clear scratches or defects in surface.
Discussion.

The efficacy of dental prostheses is based upon their capacity 
to reinstate both functional and cosmetic aspects. Achieving 

precise color matching with adjacent teeth, as well as addressing 
other aesthetic considerations such as location, texture, and 
contour, is crucial for obtaining a favorable aesthetic result. 
All-ceramic restorations are commonly favoured in the 
anterior region because to its enhanced translucency, which 
closely resembles that of natural teeth. The durability of the 
established color is crucial for the sustained efficacy of dental 
restorations over an extended period. In order to analyse the 
impact of regularly consumed beverages such as coffee, tea, 
and chlorhexidine mouthwash on the color durability of all-
ceramic restorations, we conducted an experiment using a 
spectrophotometer to assess the samples of these restorative 
materials. The spectrophotometer was employed in the current 
investigation for the purpose of color measurement due to its 
superior accuracy, ability to provide numerical representation 
of color, and lack of subjective bias [1].

The findings of the current study led to the rejection of the null 
hypothesis that there is no discoloration of ceramic restorations 
when exposed to drinks and mouthwash. In this study the greater 
color stainability was found with a Cerasmart samples, and the 
lowest one was lithium disilicate samples, due to the presence 
of Bis-MEPP, UDMA, and DMA monomers in the resin matrix 
of CERASMART, which gives the material the ability to absorb 
stress, CER was found to be the most discolored material in the 
study. It has been claimed that resin materials are discolored 
more than ceramic materials due to the hydrophilicity of the 
matrix, making UDMA and triethylene glycol dimethacrylate 
(TEGDMA) undesirable additives on stainability [8].

Demonstrated the effect of long-term use of CHX on Cerasmart 
(∆E = 4.41) which was higher than 3.3 and higher than the 
value in our study [9]. Previous research has shown that IPS 
E.max CAD discolors less than CERASMART and our findings 
confirm this [10]. Another study tested the effects of Staining 
and aging-dependent changes in color of CAD-CAM materials, 
lithium disilicate based ceramics, exhibited better color stability 
as compared with resin nanoceramics and PICN, because of 
polymer up taking water and higher surface energy for resin 
CAD/CAM materials [11].

Figure 1. Representative  SEM images (5000 X  magnification  ) of ceramic samples before and after staining.
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Haralur et al., found that lithium disilicate ceramic was found 
to have better color stability compared to monolithic zirconia, 
because of lacking surface irregularities and microcracks 
prevent the penetration of water and silica network dissolution 
[1]. And this good stability for CAD/CAM lithium disilicate 
was supported also by Palla et al. [12].

The finding of this study shown that VITA XT zirconia shows 
higher color change value than lithium disilicate and these results 
are consistent with those of Haralur et al. [1], who indicated 
that monolithic zirconia was susceptible to higher doscoloration 
from coffee, green tea and CHX. Kanpalta et al. [13] concluded 
in their study the artificial aging affected the optical properties 
in VITA XT, but no effects on lithium disilicate [13].

Kurt and Turhan [14] investigated the effect of artificial aging 
on color stability of zirconia and lithium disilicate ceramics, the 
results of the aging process affected the color of the specimens, 
especially the zirconia specimens, which were found to be 
clinically unacceptable (∆E=5.03), they explained the cause to 
the transformation from tetragonal to monoclinic phase which 
called low temperature degradation (LTD), this lead to increase 
in volume and stress formation and increase the roughness of 
surface. Also reduced alumina content to increase translucency 
lower its resistant to (LTD). Dikicier et al., found the mean 
color difference of the zirconia specimens after aging was (∆E 
= 1.29) [15]. 

In the SEM observations conducted in previous studies, showed 
that Cerasmart exhibited the most consistence appearance 
before and after aging, while lithium disilicate exhibited more 
random irregularities in lithium disilicate particles after aging 
however these irregularities were not significant and no changes 
in surface composition were observed and this appeared in this 
study [16]. 

The SEM images of microstructural analysis for VITA XT 
which done by Sen et al. which exhibited anon-uniform grain 
size, with clearly observable grain borders with a high degree of 
homogeneity, with no discernible presence of residual porosity 
[5]. The study observed the presence of larger grains, with higher 
quantities of yttria. The highest concentration of the cubic phase 
(32.9 wt%) was also observed. It was reported that an increase 
in the amount of Y2O3 (from 3% to 9%) was associated with 
an increase in grain size and the presence of the cubic phase 
in the zirconia structure. This resulted in an improvement in 
translucency, making it comparable to lithium disilicate.

Another study investigated the effects of thermocycling on 
lithium disilicate showed the milled samples of Emax CAD 
presented more significant changes after aging [17]. The ceramic 
microstructure influences the properties of ceramic. grain sizes 
and porosity are significant microstructural parameters that 
can show impact on the mechanical and optical properties of 
ceramic [17]. Cerasmart contain uniform sized filler particles 
that are less than 500nm [18]. the filler loading of Cerasmart 
is 71 mass% and the filler particles are very small with rather 
narrow distribution [19,20].
Conclusion.

Discoloration of coffee was more significant in Cerasmart than 
VITA XT and lithium disilicate. Green tea affected VITA XT 
more the Cerasmart. Coffee solution had the highest staining 

effect and the CHX was the least. Lithium disilicate exhibited 
the best color stability followed by VITA XT and Cerasmart.
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