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Background: The majority of dental professionals currently recognize lithium disilicate E-max ceramic veneers as a the most
widely used, conservative, and effective cosmetic materials in dentistry. This study aimed to compare the de-
gree of surface changes - roughness (Ra), depth (Rz), and mean color changes (AE,,) - of computer-aided de-
sign-computer-aided manufactured (CAD/CAM) ceramic veneers materials of varying thicknesses caused by
staining by green tea, coffee, and Coca-Cola using digital spectrophotometer.

Material/Methods: This study was conducted at King Khalid University, College of Dentistry. Lithium disilicate glass ceramic (LDGC)
material was used to create 60 rectangular slices using the CAD/CAM system. The material thickness and the
type of beverage were measured. The specimens were immersed in beverages according to the manufactur-
er’s instructions. Specimen description and tomography were completed with a 3D noncontact surface metrol-
ogy using interferometry. The “VITA Easy-Shade” spectrophotometer was used to measure AE . It was record-
ed after 2 weeks for different material thicknesses after immersing samples in green tea, coffee, and Coca-Cola
staining materials.

Results: Significant changes in ceramic thickness were found in Ra and Rz of 0.07 and 1.00 mm after 14 days of stain-
ing. Coca-Cola showed a significant difference in Ra and Rz with 1.00 mm thickness measurement compared
to the 0.07 mm group with < of 0.05, which was considered statistically significant. Highest AE,,) were record-
ed among samples stained by Coca-Cola, followed by coffee, for both thicknesses.

Conclusions: Those findings support previous studies using spectrophotometric analysis of staining of CAD-CAM ceramic ve-
neers that Coca-Cola followed by coffee resulted in the greatest color AE , change.
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Background

Aesthetic dental care has become one of the most common
procedures in clinical settings, which can be attributed to high
aesthetic perceptions of dental care among people, which ulti-
mately leads to optimal health and enhanced aesthetics, with
most patients now having serious concerns about color and
shape of their teeth [1].

Computer-aided design (CAD) and computer-aided manufac-
turing (CAM) have become increasingly widespread in dentist-
ry throughout the previous 35 years. This technology is used
in dental clinics and laboratories and is practical for use with
partial veneers such as labial veneers, inlays, onlays, and full
veneers such as crowns, fixed partial prostheses, implant abut-
ments, and even full-mouth rehabilitation [2].

Ceramic veneers are currently recognized by most dental pro-
fessionals as a conservative, successful, and predictable cos-
metic procedure. One of the most widely used materials for
making porcelain veneers is the lithium disilicate E-max sys-
tem [3,4]. Lithium disilicate glass ceramic (LDGC) prosthetic
materials dominate the field of dentistry because of their ca-
pacity to successfully replicate natural teeth with a high rate
of long-term survival as compared to other ceramics [5]. LDGC
is usually marketed as IPS e.max CAD and consists of a crys-
talline phase (70%) and a glassy matrix. After crystallization,
the color of a substance is determined by the dispersion of
coloring ions in its matrix [4,6,7].

The surface texture of the restoration as surface roughness (Ra)
and surface depth (Rz) has a substantial impact on aesthetics
and durability of this ceramic material [8,9]. A rough surface
has a negative impact on color and light reflection. The rougher
the surface, the lower the optical reflection [10]. Polished sur-
faces and the spread of subcritical cracks are strongly associ-
ated with Ra and Rz [11,12]. The roughness caused by resto-
ration adjustment can exacerbate surface flaws and damage
the porcelain [13,14]. Thus, glazing and polishing of ceramic
materials reduces surface roughness (Ra) and increases its lus-
ter, ultimately decreasing plaque accumulation [9].

Visual color difference thresholds are useful as a tool for qual-
ity assurance and a reference for choosing aesthetic materi-
als [15,16]. As a result, the examination of color changes with
color-measuring devices, such as spectrophotometers, is now
widespread. These devices can record and express hues nu-
merically. The chromaticity of an object is measured using the
Commission Internationale de 'Eclairage L*a*b* (CIELab) sys-
tem. L* measures the color’s luminance or lightness, a* eval-
uates its red-green content, and b* evaluates its yellow-blue
content [17]. Thus, the mean color change (AE*) values can be
determined using L*a*b* [18,19]. Elamin et al described the
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use of digital spectrophotometry units in analysis the shade
guided among different groups of patients [20].

Thus, developing a ceramic veneer with an appropriate aes-
thetic hue is important, but it is equally important to keep
these veneers’ colors consistent in oral conditions. Numerous
studies have assessed how surface texture affects color sta-
bility of ceramic materials [1,9,15,21]. Diet and popular drinks
like tea, coffee, and Coca-Cola have a clear impact on the col-
or stability of a porcelain material. According to reports, tea
can significantly impact color stability [17,22]. Several stud-
ies indicated that coffee also has a significant impact on col-
or change of restorative materials [23,24]. Additionally, coffee
and Coca-Cola were reported to be the primary causes of por-
celain material deterioration [25-33]. However, we found that
very few studies have analyzed the alteration in color stability
and surface manipulation of these ceramic materials of vary-
ing thicknesses by using all 3 beverages.

The combined effects of staining on the change in surface char-
acteristics and mean color change due to different beverages
have not been studied. Therefore, this study aimed to compare
the degree of changes such as surface roughness (Ra), surface
depth (Rz), and mean color changes (AE,) of computer-aid-
ed design-computer-aided manufactured (CAD/CAM) ceramic
veneers materials of varying thicknesses by green tea, coffee,
and Coca-Cola using the VITA Easy-Shade V digital spectro-
photometer. Our null hypothesis was that there would be no
significant differences in the mean values of Ra, Rz, and AE,
of LDGC CAD/CAM ceramic restorative material with different
thickness and stained with green tea, coffee, and Coca-Cola.

Material and Methods

Study Design and Sample Size Calculation

This study was conducted in the King Khalid University, College
of Dentistry, in the end of 2022. Study objectives were to de-
termine the effects of staining with tea, coffee, and Coca-Cola
on different thicknesses of lithium disilicate glass ceramic CAD/
CAM Veneer on surface topography as roughness (Ra) or depth
(Rz) and mean color changes (AE,) after aging and staining for
14 days. Power analysis calculation was performed to deter-
mine the sample size required to obtain a statistically signifi-
cant outcome. The result showed that 30 samples per group (10
samples for each subgroup) were required at a 95% confidence
level, a power of 80%, and a standard deviation of 0.4 [34,35].

Specimen Fabrication and Grouping

Lithium disilicate glass ceramic (LDGC) (IPS e.max CAD) CAD/
CAM ceramic block material (VITA Zahnfabrik, H. Rauter Bad
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Sackingen, Germany) was used to create 60 specimens using
the CAD/CAM system (Amann Girrbach, GmbH, Durrenweg 40
75177 Pforzheim, Germany). The specimens were in the form
of rectangular ceramic disks had sizes of 12 mm in diameter
and 0.07 and 0.10 mm in thickness. Using a digital caliper, the
specimens’ thicknesses were determined (Figure 1). Prior to
the final heat treatment in the furnace for complete crystal-
lization, a glaze layer (IPS e.max Ceram Glaze paste, Ivoclar
Vivadent, Schaan AG, Liechtenstein) was applied to all speci-
mens on the experimental side (side of staining) for the LDGC
group. The 2 thickness groups were divided into 3 subgroups
according to the immersion beverages — green tea, coffee, and
Coca-Cola — with 10 samples each.

Surface Topography Measurements

Specimen description and tomography were completed with
3D noncontact surface metrology using interferometry (Bruker
Contour GTK, Bruker Nano Surfaces Division, Tucson, AZ, USA)
in the materials laboratory of King Saud University. Through an
upright scan interferometer with a 5 Michelson amplification
lens, a field of interpretation of 1.5 mm, a Gaussian regression
filter, a scan speed of 1, and a thresholding of 4, specimens
were computed or measured. We used a microscope equipped
with the Vision 64 (Bruker) software suite, which manages tool
placements, which assess the statistics and generate graphi-
cal results. Assessments were reserved across the specimens
at 3 time points — before immersion and staining (baseline),
then after green tea, coffee, and Coca-Cola immersions, and
14-days aging (after) — and the differences were recorded as
the Ra and Rz changes. Each specimen was scanned 3 times
(at the center and both corners) and then averaged to calcu-
late the surface roughness (Ra) and surface depth (Rz) values
in pm, calculated in accordance with ISO 11562 recommen-
dations for standardization [34-36].

Figure 2. Reading of color parameters from VITA Easy-Shade
spectrophotometer.

Color Parameter Measurement

By placing the ceramic specimen on a gray background, the
color of CAD/CAM ceramic samples was assessed as measured
before or at baseline [17,37,38]. The digital spectrophotom-
eter VITA Easy-Shade V (VITA Easy-Shade, V, Bad Sackingen,
Germany) was used to measure color. Colors’ three-dimension-
al (3D) dimensions are numerically represented by CIELab val-
ues [37]. Spectrophotometers measure the color parameters
such as L*, a*, and b* values, where L is the axis of lightness,
a is the value representing the axes of chromaticity (green-
red), and b is the value representing the axes of color (blue-
yellow). The light reflected from the item is used to determine
these 3 coordinates. The average change in color is AE*. These
measures had previously been applied to research evaluat-
ing ceramic CAD/CAM material colors. For each specimen and
in the center, readings of L*, a*, and b* were done twice, and
the mean values were recorded. On the basis of baseline mea-
surements, the specimens were evaluated for color change.
Figure 2 shows a screenshot from the digital spectrophotome-
ter used by VITA Easy-Shade. These measurements were used
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as a baseline before (L1, al.b1) the specimens were immersed
in green tea, coffee, and Coca-Cola and stained [17,37,38].

An aging process was accomplished for all specimens during
this staining and immersion time. After immersion, all CAD/
CAM ceramic specimens were dipped in distilled water follow-
ing removal from the different staining materials; the spec-
imens were then checked several times to ensure that the
staining material was completely removed. Then, specimens
were dried with white tissue paper and left to air dry. All col-
or parameters change measurements for L, a, and b were cal-
culated and registered again by the same operator at time in-
tervals of 14 days, with the same settings, and with a gray
background and recorded as (L2, a2, b2). The average color
changes (AE,) values were recorded after 2 weeks for the dif-
ferent material thickness and surface staining using the fol-
lowing equation: AE, = ((L1* - L2*)2 + (al* - a2*)?+ (b1* - b2*)?
“x¥2. AE, values for staining types of beverages and the test-
ed CAD/CAM materials were calculated as described earlier in
the literature [17,37,38].

Specimens’ Immersion in Beverage Materials and Aging

The samples were submerged in different staining materi-
als of Green Tea, Coffee, and Coca-Cola for Fortnight (Food
Industrial Co., Riyadh, Saudi Arabia). The solutions utilized in
this investigation were marketed for single use and were of-
fered in a nitrogen-flushed box. According to the manufactur-
er’'s recommendations, for green tea, and coffee, the staining
of the different solutions made from each packet (30 g) was
combined with 0.5 L of hot water (100°C) and allowed to con-
tinue boiling for 15 s (0.6 gm for each 1 mL), while for Coca-
Cola, the samples with different thickness were totally im-
mersed in containers. For all samples, 2 packets of 30 g each
were used every day, and the Coca-Cola, green tea, and cof-
fee were replaced every 12 h [9,15,24,30].

Statistical Analysis

The IBM SPSS 20.0 program for descriptive statistics was used
to calculate the mean and standard deviation (SD) of Ra and Rz
as well as mean color change (AE,) values of the LDGC mate-
rial with different thickness in white backgrounds before and
after staining and aging. The values were presented by tables
as the means and SD of Ra, Rz, and AE,, For repetitive mea-
surements, one-way analysis of variance (ANOVA), followed by
t tests, and/or Bonferroni test were performed to compare the
cases exposed as different thickness (0.07 and 1.00 mm) of
the tested materials and different immersion beverages (cof-
fee, green tea, and Coca-Cola). P values <0.05 were consid-
ered statistically significant.
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Results

Descriptive Results

During the coffee, green tea, and Coca-Cola staining and ag-
ing process for surface topography and color measurements
parameters, no specimens were missing or lost. Before and af-
ter beverage staining, the mean and SD of surface character-
istics (Ra and Rz) and mean color changes (AE, ) values of the
studied CAD/CAM ceramic material with different thickness
are shown in Table 1. Significant changes in ceramic thick-
ness were measured in surface roughness (Ra) of 0.07 mm
and 1.00 mm after 14 days immersion in different beverag-
es (P value<0.01). Similarly, in surface depth (Rz), a significant
difference was measured in material thickness of 0.07 mm
and 1.00 mm (P value <0.01). Overall, the average mean col-
or change was considered significantly different in both thick-
ness of LDGC CAD/CAM material in the different immersion
beverages, as shown in Table 1. Table 2 shows the ANOVA re-
sults between and within the groups. Figure 3 shows that the
highest AE, were recorded among samples stained by Coca-
Cola, followed by coffee beverages for both thicknesses, with
AE ,, values are represented in the figure. As shown in Table 2
a significant difference was recorded and registered among
and within the groups before and after immersion in differ-
ent beverage solutions for LDGC samples ceramic in different
thicknesses according to ANOVA with P values 0.001.

Comparing Groups Using Bonferroni Test

According to the Bonferroni test, for all specimens with differ-
ent thicknesses tested, the LDGC CAD/CAM material immersed
in Coca-Cola has shown Ra and Rz as a significant difference
in 1.00 mm thickness measurement compared to the 0.07mm
group with maximum surface alteration were immersed in cof-
fee and Coca-Cola as compared to green tea (P value <0.05), as
shown in Table 3. Also, the Bonferroni test revealed that the
specimens with maximum AE, were LDGC samples immersed in
green tea and coffee as compared to Coca-Cola samples (P val-
ue<0.05), and only for 0.07 mm thickness samples. According to
the t test (Table 4), no significant difference was found in sur-
face roughness (Ra) and surface depth (Rz) for material thick-
ness and the different staining materials. The AE, for the test-
ed ceramic material with 0.07 mm and 1.00 mm and different
staining materials showed a slightly significant difference in
overall parameters (P value <0.05). Table 5 presents the interac-
tion of Ra, Rz, and AE, changes of different CAD/CAM ceramic
material thicknesses and immersion materials. For Ra, a signif-
icant difference was noted in the tested parameters (P<0.001,
0.011). Similarly, a significant in Rz was found among the ce-
ramic thicknesses and immersion materials (P<0.018, 0.010),
while for mean color change (AE,,), significant differences in all
interactions were recorded (P<0.001) for all variables.
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Table 1. Mean and standard deviation of surface roughness (Ra) surface depth (Rz), mean color change (AE,) of different ceramic
thickness groups, before, after, and the overall changes in relation to types of immersion materials.

Ceramic thickness Immersion materials Mean (SD) before Mean (SD) after

Mean (SD) changes

Tea 0.16 (0.033) 0.19 (0.033) 0.03 (0.063)
Coffee 0.22 (0.071) 0.25 (0.081) 0.03 (0.076)

0.07 MM s
Coca-Cola 0.31 (0.033) 0.36 (0.070) 0.05 (0.054)
P-value 0.001* 0.001* 0.001*
Tea 0.17 (0.040) 0.18 (0.041) 0.01 (0.041)
Coffee 0.36 (0.064) 0.39 (0.74) 0.03 (0.069)

1.00 MM s
Coca-Cola 0.37 (0.042) 0.44 (0.66) 0.07 (0.054)
P-value 0.138 0.088 0.062

Rz
Tea 0.17 (0.054) 0.19 (0.045) 0.02 (0.051)
Coffee 0.25 (0.036) 0.29 (0.042) 0.04 (0.059)

0.07 MM s
Coca-Cola 0.31 (0.053) 0.39 (0.071) 0.08 (0.062)
P-value 0.001* 0.001* 0.001*
Tea 0.14 (0.044) 0.18 (0.051) 0.04 (0.080)
Coffee 0.27 (0.621) 0.29 (0.028) 0.02 (0.064)

1.00 MM s
Coca-Cola 0.31 (0.032) 0.40 (0.083) 0.09 (0.088)
P-value 0.001* 0.030* 0.050*

MNE
Tea 1.16 (0.082) 1.36 (0.083) 1.20 (0.824)
Coffee 1.80 (0.286) 2.60 (0.372) 2.80 (0.329)

0.07 MM s
Coca-Cola 2.81 (0.199) 3.01 (0.370) 3.20 (0.234)
P-value 0.001* 0.001* 0.001*
Tea 1.10 (0.038) 1.38 (0.018) 1.28 (0.895)
Coffee 2.49 (0.162) 3.11 (0.232) 2.62 (0.923)

1.00 MM
Coca-Cola 3.14 (0.123) 3.62 (0.173) 3.18 (0.996)
P-value 0.001* 0.000* 0.042*

Discussion that can result in stains and minor color changes affecting sur-

Many patients now prefer tooth-colored ceramic restorations.
These patients’ needs have been partially satisfied by the sig-
nificant advancements in the cosmetic and physical character-
istics of all ceramic restorations. However, the most difficult as-
pect of cosmetic restorations is attaining color consistency, not
only with natural tooth structure, but also in the oral environ-
ment [39]. LDGC ceramics are now widely used in dentistry, and
we selected this ceramic as our study material due to its supe-
rior efficacy, cytocompatibility, and aesthetics [40]. To meet the
increasing demands, these restorations need to be both color-
stable and biocompatible in the oral environment [30]. However,
these materials are vulnerable to a variety of oral conditions

face topography [41]. Thus, the present study assessed the ef-
fect of 2 different thicknesses of lithium disilicate glass ceram-
ic veneer on surface characteristics or topography as surface
roughness (Ra) and surface depth (Rz) and mean color chang-
es (AE,) after aging and immersion in different beverages.

The optical qualities of restorations can be modified in the oral
environment [13,21]. Numerous studies have shown the sig-
nificance of acidic solutions, altering the optical characteris-
tics and surface roughness of different CAD/CAM restorative
dental materials [15,17,25,34,42-46]. Green tea, coffee and
Coca-Cola are the most regularly consumed acidic drinks in
daily life. Green tea and coffee have a pH of 5.8 and consist
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Table 2. ANOVA test for calculating significant differences among the group and within groups.

Sum of squares

Mean difference

Between groups .070 2
Cwithingowps 12 57
T 9
CBetweengroups o8 2
Cwithingowps 133 57
Cfoal o8 9
CBetweengoups g7 2
Cwithingoups e 57
ol 200 9

Significant
Mean square Frequency difference
.035
002 17.777 .001*
.042
002 18.156 .001*
434
021 21.143 .001*

B Before
W After
[ Overall changes

Tea Coffee
0.07 mm

Coca-Cola

Tea (offee
1.00 mm

Coca-Cola

Figure 3. Means of color changes in relation to material thickness and stained beverage.

of caffeine, tannates, citrates and chlorogenic acid, where-
as Coca-Cola has a pH of 2.5 and is made up of phosphates,
carbonated water, and caramel [47,48]. Staining of ceramics
caused by these low-pH acidified beverages may compromise
the cosmetic outcome [49-51], thereby reducing durability
of the material, resulting in roughness, abrasion, and subse-
quent staining of teeth, ultimately causing patient dissatis-
faction [52]. Therefore, we analyzed the effect of all 3 bever-
ages on ceramic material of varying thicknesses in our study.

In addition, maintaining prothesis color is crucial in the oral en-
vironment. Numerous studies have evaluated the relationship
between color stability and surface topography of various den-
tal restorations. Research has revealed that porcelain discol-
oration is connected to diet, immersion time, and the type of
surface treatment [9,16,24,26,28,30,35]. Gupta et al [53] eval-
uated the ceramic materials’ color stability after exposure to

commonly consumed beverages: tea, coffee, and Coca-Cola. This
differed from our study, as they measured only color changes
after 1 day, 15 days, and 30 days for all the solutions. In our
study, we analyzed color changes along with surface topogra-
phy measurements after immersing for 14 days. In the pres-
ent study, the baseline stain was carried out for 2 weeks to
enhance stain absorption since ceramic materials quickly ab-
sorb fluids in the first 2 weeks. Additionally, 2 weeks of cof-
fee staining were utilized, which, according to coffee produc-
ers, indicated 14 months’ worth of coffee consumption [36].

Surface roughness (Ra) was investigated in this study because
it is a crucial aesthetic feature of ceramic restorations. Smooth
surfaces are less likely to discolor and become colonized by
bacteria, making them less vulnerable to periodontal and re-
current caries [36,54]. We utilized a digital caliper to evaluate
the thickness of each sample, thereby excluding any variables
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Table 3. Bonferroni test to measure mean surface and color changes.

Ceramic thickness Immersion materials

Ra change

1.00 mm AE

Coca-Cola

DATABASE ANALYSIS

Tea Coffee Coca-Cola

that could affect the final results of color change and surface
roughness. We observed significant changes in ceramic thick-
ness measured in surface roughness (Ra) and surface depth
(Rz) of 0.07-mm and 1.00-mm samples after 14 days of im-
mersion in different beverages. Similar findings were report-
ed by Al-Angari et al in 2021, who discovered a rise in Ra fol-
lowing the simulation of 1 year of coffee consumption [36].
Aldosari et al in 2021 [9] also found similar findings after 14
days of Arabic Qahwa immersion and stated that Ra values for
zirconia, hybrid, and feldspathic CAD/CAM ceramics increased.

It has been shown that the ceramic thickness and the color
change of ceramic restorations are related. Uludag et al [55]
evaluated the impact of porcelain thickness on the color sta-
bility of porcelain restorations and discovered that as ceram-
ic thickness increased, there was a perceived reduction in col-
or change values (AE*). However, when varied thicknesses of
all porcelain materials were employed, no significant differ-
ence in color change was seen [24]. Also, Abdelkader et al in
2020 found no discernible changes in color change while em-
ploying differing thicknesses of all materials (1.00 mm and
0.6 mm) [30]. However, this was contrary to our findings, as

significant changes in ceramic thickness were measured in sur-
face roughness (Ra) and surface depth (Rz) of 0.07 mm and
1.00 mm after 14 days of immersion in different beverages.
We also found that overall, average mean color change was
significantly different in both thicknesses of LDGC CAD/CAM
material immersed in different beverages.

Mean color change was greatest with Coca-Cola. Also, the CAD/
CAM material immersed in Coca-Cola and coffee was signifi-
cantly different in Ra and Rz of 1.00 mm thickness compared
to the 0.07 mm group. This finding was similar to the study
done by Kara et al in 2022, where a similar finding was re-
ported in mean color change values of sample groups having
greater thickness [39]. This could be explained by the diverse
settings utilized in each study. This finding could be attributed
to the acidity of the Coca-Cola solution, dissolving silica and
alkaline ions from the glaze layer, causing the surface to cor-
rode, as evidenced by the increased roughness. Additionally,
it is consistent with earlier research that found that CAD-CAM
lithium disilicate and feldspathic ceramic surfaces became sig-
nificantly rougher due to the low pH of acidic liquids and high
temperatures, such as with coffee [14,42,49,56].
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Table 4. t test for all the different ceramic thicknesses in relation to immersion material.

Ceramic thickness Immersion materials Parameter P-value

********************************************************************************************* Ra changes
""""""""""""""""""""""""""""""""""""""""""""""""""" Rz changes
""""""""""""""""""""""""""""""""""""""""""""""""""" AE,, changes

Coca-Cola

Table 5. ANOVA interaction of tested parameters in relation to material thickness and immersion materials.
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However, other studies evaluated the color porcelain materials
stability concerning the surface texture, concluding that accu-
rate polishing procedures could create smooth ceramic surfac-
es similar to glazed surfaces [51,53]. Glazing has been found to
produce smoother surfaces than glass ceramic polishing [48].
Manufacturers also advocate glazing or polishing to improve
the aesthetics of lithium disilicate [24]. This emphasizes sig-
nificance of reglazing any ceramic material after making any
alterations. In our study, we performed similar heat treatment
in the furnace and a glaze layer was applied over ceramic spec-
imens. The current study’s findings also concur with those of
previous studies [24,26], and those by Sagsoz et al, Saba et al,
Acar et al, and Palla et al, which came to the same conclusion
and advised the reglazing step of samples after immersions in
widely consumed beverages like tea and coffee [27,28,51,58].

Since color perception is a psychophysical phenomenon that
varies both between individuals and within an individual at dif-
ferent times, the color measurements in the current study were
conducted using a spectrophotometer. We used a spectropho-
tometer in our study to measure color change because it has
been proved to be more precise than most other shade-taking
methods. Instrumental measurement has the advantage of nu-
merically expressing colors, thereby eliminating the subjective
errors associated with color assessment [20,60]. Thus, in order
to express the degree of color and relative color changes of all
the specimens, we used the “VITA Easy-Shade” spectrophotom-
eter to measure color. Colors’ three-dimensional (3D) dimen-
sions are numerically represented by CIELab values [37,61]. It
is difficult to determine the average color change AE* value
that is noticeable or clinically acceptable. The detectable and
clinically acceptable thresholds, however, were found to be AE*
2.8 and 4.2 units, respectively, in in vivo research [24,31,37]. In
our study, we noticed significant differences among tested pa-
rameters. Overall, the average mean color change was signif-
icantly different in both thicknesses of LDGC CAD/CAM mate-
rial in the different beverages. The highest AE was recorded
among samples stained by Coca-Cola, followed by coffee for
both thicknesses. Also, maximum AE values were found in
LDGC samples immersed in green tea and coffee as compared
to Coca-Cola and only for 0.07 mm thickness samples. This find-
ing was also in accordance with studies by Alghazali et al in
2012 and Abdalkadeer et al in 2020, wherein they also found
similar significant differences with Coco-Cola as compared to
other beverages [30,37]. Adawi et al in 2021 also demonstrat-
ed similar results. On immersion in hot Arabic Qahwa and cold
coffee, AE,, values for tested materials in glazed or polished
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specimens varied significantly [16]. For AE, values recorded
after 2 weeks, our results were comparable to those of previ-
ous studies conducted with glazed specimens immersed in hot
coffee by AlMawash et al, Colombo et al, Ozyilmaz et al, and
Aydin et al [23,26,61,62]. However, our results differed from
those of Yerliyurt and Sarikaya, Eldwakhly et al, Seyidaliyeva
et al, and Aboushahba et al [10,63-65], as they did not observe
maximum discoloration with Coca-Cola and coffee.

Despite the effective methods used, the current study was un-
able to replicate the identical in vivo conditions, since there is
no uniform technique for simulating the physiological condi-
tion of the soft and hard tissues of the mouth. Furthermore,
the generalizability of the study’s findings may be constrained
by differences in nutrition, immersion time, and oral hygiene
practices among individuals. Additional in vivo experiments
are required to assess the vulnerability of different brands of
ceramic materials to discoloration, analyzing various physical,
mechanical, and optical properties of various CAD/CAM mate-
rials like translucencies, compressive or flexural strength, and
compare it with various polishing materials or oral hygiene
aids. Furthermore, the incorporation of specific color param-
eters and scanning electron microscopic studies are needed.
Also, a major limitation was that these 3 beverages had vari-
ous pH values, which was not evaluated.

Conclusions

We found significant changes in surface roughness (Ra) and
surface depth (Rz) in 0.07 mm and 1.00 mm groups after 14
days of immersion in different beverages. For all specimens
with different thicknesses tested, the CAD/CAM material im-
mersed in Coca-Cola showed significant differences in Ra and
Rz in the 1.00 mm thickness group compared to the 0.07 mm
group. The AE,  was significantly different in both thicknesses
of LDGC CAD/CAM material in the different beverages. Overall,
the findings from this study support previous studies using
spectrophotometric analysis of staining of CAD-CAM ceramic
veneers, showing the highest AE, in samples stained by Coca-
Cola, followed by coffee, for both thicknesses.
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