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Effect of staining beverages and bleaching 
on optical properties of a CAD/CAM nanohybrid 
and nanoceramic restorative material
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Abstract 

Background:  The purpose of this study was to evaluate the optical properties of nanohybrid Grandio (GR) and 
nanoceramic Lava Ultimate (LU) CAD/CAM restorative materials subjected to different beverage solutions and subse-
quently bleached.

Methods:  Five groups of each restorative material (n = 20/group, shade A2-high translucent) were immersed in 
distilled water, coffee, tea, cola, and ginger for one week. Changes in whiteness index, translucency parameter, and 
color changes of the specimens were evaluated. The data of color measurements after staining, bleaching, and the 
residual differences were statistically analyzed using Kruskal–Wallis and Mann–Whitney U tests at the significance level 
of P < 0.05.

Results:  LU and GR revealed the highest differences in whiteness index after coffee staining (P < 0.001). GR revealed 
lower translucency parameter differences after staining with coffee than LU (P = 0.007). There were no significant 
differences in translucency changes between LU and GR after staining with tea, cola, or ginger (P > 0.05). LU revealed 
significantly greater color changes than GR after staining (P < 0.001).

Conclusions:  LU nanoceramic CAD/CAM restorative material revealed higher color changes than GR nanohybrid 
material. Staining beverage solutions had a distinct influence on the optical properties of the tested CAD/CAM 
restorative materials.
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Background
The advancement of computer-aided design and com-
puter-aided manufacturing (CAD/CAM) technologies 
have made indirect esthetic restorations easier to create 
[1]. In recent years, CAD/CAM composite resin blocks 
for tooth-colored restorations have been produced [2, 3]. 
Because of their resin composition, CAD/CAM compos-
ites blocks have improved edge stability, which allows for 

a better milling process with less thickness, polishability, 
and intraoral reparability [4–8].

Lava Ultimate (LU; 3M ESPE; St Paul, MN, USA) is 
a machinable CAD/CAM resin nanoceramic restora-
tive material [8]. It had been reported that the resin 
nanoceramic blocks have adequate fracture toughness 
and esthetic properties than commonly used compos-
ite resin materials [1, 9, 10]. In addition, the mechani-
cal properties of resin nanoceramic materials were 
found to be close to those of enamel [9, 10]. Grandio 
blocs (GR; VOCO, Cuxhaven, Germany), a nanohy-
brid machinable CAD/CAM restorative material, are 
made up of inorganic fillers that are incorporated in 
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a polymer matrix and include 86 wt% inorganic fillers 
[8, 11]. It had been reported that GR nanohybrid mate-
rial revealed enhanced mechanical properties [12] and 
improved clinical performance [13].

The clinical esthetic stability of CAD/CAM compos-
ite resin restorations affects their performance and suc-
cess in oral environments [14]. Different composition 
and microstructures of different CAD/CAM restora-
tions influence their color stability [14]. Discoloration 
of restorative materials might be due to extrinsic or 
intrinsic factors [15]. The cause of external staining of 
restorative materials is due to adsorption or absorption 
of the colorants from exogenous sources [16]. Different 
solutions have been reported to discolor the compos-
ite resin restorations including coffee, tea, sport drinks, 
and chlorohexidine [17].

Various attempts have been performed to enhance 
the affected esthetic appearance of resin restorations 
[18]. One of the most common treatments for eliminat-
ing stains from resin restorations is dental bleaching 
[18, 19]. Hydrogen peroxide and carbamide peroxide 
with different concentrations are the most common 
bleaching agents used in dentistry [20]. The success of 
treatment depends on the type and concentration of 
bleaching agent, type of stain, the application proce-
dure, and microstructure and composition of resin res-
torations [15, 18, 20].

There is no data available about the effect of staining 
beverages and bleaching agents on the optical prop-
erties of CAD/CAM Grandio nanohybrid restorative 
material. The aim of this study was to evaluate the color 
change, translucency, and whiteness index of CAD/
CAM nanohybrid and nanoceramic restorative mate-
rials subjected to staining beverages and subsequently 
bleached. The null hypothesis of the study was that 
there was no difference in stain susceptibility, translu-
cency changes, and whiteness index between the two 
CAD/CAM restorative materials; GR nanohybrid and 

LU nanoceramic, after staining with beverage solutions 
and bleaching.

Methods
Sample size
GPower v3.1.3 software (University of Düsseldorf; Düs-
seldorf, Germany) was used to calculate the sample size. 
According to the power assessment, a sample size of 20 
specimens per subgroup meets the constraints of 0.05 
and power = 0.85.

Specimen preparation
The CAD/CAM restorative materials assessed in the 
present study are presented in Table 1. The CAD/CAM 
blocks were sectioned into 12 × 14 × 1.5  mm specimens 
using a low-speed diamond saw (ISOMET 1000, Buehler, 
Lake Bluff, IL, USA). Then, the specimens were polished 
(Buehler, Lake Bluff, IL, USA) using a series of silicon car-
bide papers P600 to P1200. The specimens were cleaned 
ultrasonically in distilled water. The final thickness of the 
specimens was verified with a digital micrometer (Mitu-
toyo IP65, Mitutoyo Corp., Japan) to ensure a uniform 
thickness of 1.5 ± 0.15 mm after polishing [17, 18]. A fine 
carbide bur mounted on a low-speed handpiece was used 
to mark the side used during color measurements for 
each specimen [18].

Grouping of specimens
The study design is presented in Fig.  1. Five groups of 
each restorative material were immersed in 200  mL 
of distilled water (control medium), coffee, tea, cola, 
and ginger for one week (24  h/day) [17]. The container 
holding the staining solutions was sealed with paraffin 
to minimize evaporation [17]. For the coffee group, the 
specimens were stored in a 37  °C coffee (Nescafe Clas-
sic, Nestle Middle East, United Arab Emirates) solution 
where a 3.6 g of coffee was dissolved in 300 mL of boiling 
distilled water. After 10 min of stirring, the solution was 
filtered through a filter paper. Specimens in the tea group 
were stored in a 37 °C tea (Twinings; Twinings Company, 
Poland) solution that was prepared by immersing 2 tea-
bags (2 × 2  g) into 300  mL of boiling distilled water for 
10 min. For the cola group, the specimens were stored in 
37 °C cola (Coca-Cola; Coca-Cola Co, Riyadh, Saudi Ara-
bia) [21]. For the ginger group, the specimens were stored 
in a 37  °C ginger (Ginger; Wadi Al Nahil, Egypt) solu-
tion that was prepared by immersing 2 packets (2 × 2 g) 
into 300  mL of boiling distilled water for 10  min. Dis-
tilled water (Health Aqua, Alexandria, Egypt) was used 
as the control medium. The pH of staining solutions 
was measured using a pH meter (pH/mV/Temp Meter 
Set, SP-2100; Suntex, Taipei, Taiwan) and determined 
to be 5.5, 5, 2.6, 8, and 6.9 for coffee, tea, cola, ginger, 

Table 1  CAD/CAM restorative materials used in the study

* Bis-GMA, bisphenol-A-glycidyl methacrylate; UDMA, urethane dimethacrylate; 
TEGDMA, triethyleneglycol dimethacrylate; Bis-EMA, bisphenol-A-polyethylene 
glycol diether dimethacrylate; DMA, dimethacrylate
** HT, high translucency

Product Composition* Shade** Code

Grandio Blocs (VOCO, 
Cuxhaven, Germany)

86 wt% nanohybrid fillers, 
14% UDMA + DMA

A2 HT GR

Lava Ultimate (3M ESPE; 
St. Paul, MN, USA)

20 nm silica filler, 
4–11 nm zirconia filler, 
aggregated zirconia/silica 
microcluster, 80 wt% Bis-
GMA, UDMA, TEGDMA, 
Bis-EMA

A2 HT LU
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and distilled water; respectively. Each medium contains 
twenty specimens for each restorative material. After 
that, the specimens were stored in distilled water for 24 h 
at 37  °C. Every two days, the solutions were replaced to 
avoid the probability of bacteria and yeast contamination 
[1, 17]. Then, the specimens were rinsed with distilled 
water for 10  s and gently dried before being measured. 
According to the manufacturer’s recommendations, an 
at-home bleaching treatment utilizing 16% carbamide 
peroxide gel (Perfect Bleach, VOCO) was applied 2 h/day 
for 14 consecutive days. The specimens were bleached 
by applying an approximately 1 mm (0.168 mL) thick gel 
layer. After treatment, the specimens were rinsed with 
distilled water for 60 s to remove the bleaching material 
and then stored individually in distilled water at 37  °C 
between bleaching sessions [15, 18].

Color measurements
A spectrophotometer (VITA Easyshade Advance 4.0, 
VITA Zahnfabrik, Bad Säckingen, Germany) with D65 
illuminant light was used to measure the color of speci-
mens on black, white, and gray backgrounds. Each 
specimen was measured three times and at three sep-
arate times: before staining (baseline; i, after staining; 
st, and after the bleaching method; bl), with CIELAB 
parameters recorded at each time point. The spectro-
photometer was calibrated before each measurement 
[18, 20].

The following formula was used to compute the trans-
lucency parameter (TP) [22, 23]:

where L*B, a*B, b*B are color parameters recorded on a 
black background and L*W, a*W, b*W are CIELAB param-
eters recorded on white background [18].

The changes in translucency after staining (ΔTPst-i), 
bleaching (ΔTPbl-st), and between the initial and final sit-
uation (ΔTPbl-i) were calculated [18].

The whiteness index (WID) was calculated after stain-
ing (WIDst) and after bleaching (WIDbl) based on CIELAB 
parameters according to the following equation [24]:

where L*, a*, b* are color parameters recorded on gray 
background.

The variations in whiteness index (WID) were calcu-
lated after staining (WIDst-i), bleaching (WIDbl-st), and 
between the initial and final condition (WIDbl-i) [18].

For gray background, differences in color changes after 
staining (E00st-i), bleaching (E00bl-st), and between initial 
and final condition (E00bl-i) were determined using the 
CIEDE2000 (E00) equation as follows [15, 18]:
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Fig. 1  The study design
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The values of kL, kC, and kH in the CIEDE2000 were set 
to 1 [15].

The data of color measurements were statistically ana-
lyzed using SPSS 22.0 software (IBM Corp., Armonk, 
NY, USA). The Kolmogorov–Smirnov test was used to 
analyze the normality of data. As a result of the normal-
ity test, the Kruskal–Wallis and Mann–Whitney U tests 
were used to analyze the data of ΔWID, ΔTP, and ΔE00. 
The level of statistical significance was set at P < 0.05.

Results
Mean and standard deviations of differences in ΔWIDst-i, 
ΔWIDbl-st, and ΔWIDbl-i are presented in Table 2. LU and 
GR revealed the highest differences in ΔWIDst-i after cof-
fee staining (P < 0.001). In addition, after coffee staining 
and bleaching, LU and GR showed the highest differences 
in ΔWIDbl-st than the other staining solutions (P < 0.001). 
The differences in the ΔWIDst-i values after staining 
for LU and GR from the highest to the lowest were as 

�E00 =

[

(�L/kL. SL)
2
+ (�C/kC. SC)

2

+ (�H/kH. SH)
2
+ RT. (�C/kC.SC)

× (�H/kH.SH)]
1/2

follows: coffee > tea > cola > ginger > distilled water. The 
differences in the ΔWIDbl-st values after bleaching for LU 
and GR from the highest to the lowest were as follows: 
coffee > tea > ginger > cola > distilled water.

Mean and standard deviations of differences in ΔTPst-i, 
ΔTPbl-st, and ΔTPbl-i are presented in Table 3. In general, 
TP was significantly higher before staining and bleach-
ing (P < 0.001). GR revealed lower TP differences (ΔTPst-i) 
after staining with coffee than LU (P = 0.007). There were 
no significant differences in ΔTPst-i between LU and 
GR after staining with tea, cola, or ginger (P > 0.05). The 
greatest TP differences after bleaching were observed for 
LU stained with coffee (0.46 ± 0.06). Staining with ginger 
revealed a higher residual translucency difference for LU 
and GR (− 0.36 ± 0.06, − 0.25 ± 0.04; respectively).

The higher color changes were recorded for LU and 
GR CAD/CAM restorative materials due to coffee stain-
ing (Fig.  2, Table  4). Both LU and GR showed color 
changes above the acceptability threshold of 1.8 due to 
staining. However, GR revealed color changes below the 
acceptability threshold after bleaching for tea, cola, and 
ginger groups. LU revealed significantly greater color 
changes than GR after staining (P < 0.001). The greatest 

Table 2  Mean differences and standard deviations of whiteness 
indexes after staining (ΔWIDsti), bleaching (ΔWIDbl-st), and the 
residual difference compared to baseline (ΔWIDbl-i)

Mean values represented with different superscript lowercase letter (column) 
are significantly different (P < 0.05)

Mean values represented with different superscript uppercase letter (row) are 
significantly different (P < 0.05)

Staining solutions CAD/CAM restorative materials

LU GR

ΔWIDst-i

 Distilled water − 0.06 ± 0.01Aa − 0.05 ± 0.02Ba

 Coffee − 8.75 ± 1.33Ab − 7.91 ± 1.02Bb

 Tea − 4.12 ± 0.96Ac − 3.37 ± 0.86Bc

 Cola − 3.04 ± 0.49Ac − 3.08 ± 0.39Ac

 Ginger − 2.18 ± 0.25Ad − 2.19 ± 0.27Ad

ΔWIDbl-st

 Distilled water − 0.51 ± 0.06Aa − 0.46 ± 0.07Ba

 Coffee 5.23 ± 1.22Ab 4.83 ± 0.89Ab

 Tea 2.41 ± 0.42Ac 2.09 ± 0.59Bc

 Cola 1.62 ± 0.28Ad 1.74 ± 0.26Bc

 Ginger 2.24 ± 0.44Ac 1.17 ± 0.23Bd

ΔWIDbl-i

 Distilled water − 0.45 ± 0.08Aa − 0.49 ± 0.08Aa

 Coffee − 2.51 ± 1.04Ab − 2.48 ± 0.7Ab

 Tea − 1.65 ± 0.41Ab − 1.09 ± 0.24Bc

 Cola − 1.62 ± 0.21Ab − 1.41 ± 0.18Bd

 Ginger − 0.64 ± 0.09Ac − 1.06 ± 0.19Bc

Table 3  Mean differences and standard deviations of 
translucency parameter (TP) after staining (ΔTPst-i), bleaching 
(ΔTPbl-st), and the residual difference compared to baseline 
(ΔTPbl-i)

Mean values represented with different superscript lowercase letter (column) 
are significantly different (P < 0.05)

Mean values represented with different superscript uppercase letter (row) are 
significantly different (P < 0.05)

Staining solutions CAD/CAM restorative materials

LU GR

ΔTPst-i

 Distilled water − 0.15 ± 0.03Aa − 0.13 ± 0.03Aa

 Coffee − 0.62 ± 0.07Ab − 0.56 ± 0.07Bb

 Tea − 0.51 ± 0.04Acd − 0.53 ± 0.06Ab

 Cola − 0.42 ± 0.04Ae − 0.39 ± 0.05Ac

 Ginger − 0.55 ± 0.07Abc − 0.54 ± 0.07Ab

ΔTPbl-st

 Distilled water − 0.09 ± 0.03Aa − 0.13 ± 0.02Ba

 Coffee 0.46 ± 0.06Ab 0.33 ± 0.04Bbc

 Tea 0.38 ± 0.05Abc 0.37 ± 0.05Ab

 Cola 0.16 ± 0.04Ad 0.17 ± 0.04Ad

 Ginger 0.19 ± 0.04Ad 0.31 ± 0.04Bc

ΔTPbl-i

 Distilled water − 0.24 ± 0.03Aa − 0.22 ± 0.03Aa

 Coffee − 0.17 ± 0.02Ab − 0.24 ± 0.04Ba

 Tea − 0.14 ± 0.03Ab − 0.13 ± 0.03Ab

 Cola − 0.26 ± 0.05Aa − 0.22 ± 0.04Ba

 Ginger − 0.36 ± 0.06Ac − 0.25 ± 0.04Ba
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color changes caused by bleaching were recorded for LU 
stained with coffee (2.44 ± 0.34).

Discussion
It is important to evaluate the optical properties of newly 
developed CAD/CAM restorative materials for expect-
ing the durability of the esthetic characteristic of restora-
tions [14]. The consumption of different daily beverages 
exposes teeth and restorations to staining, which might 
affect the esthetic properties of restorative materials 
[14, 25]. Due to esthetics demand, bleaching treatment 
became a routine practice for the patients and through-
out the bleaching process, the existing restorations are 
exposed to bleaching agent [20]. Superficial staining with 
beverages can be removed by bleaching [18, 26]. How-
ever, if the discoloration includes deeper layers, bleach-
ing is no longer effective, and replacement of restoration 
should be considered [18].

In the present study, the effects of different bever-
ages solutions and bleaching on the optical properties 
of CAD/CAM GR nanohybrid and LU nanoceramic 
restorative materials were evaluated. Based on the 
findings of the present study, the null hypothesis was 

rejected as there were significant differences in stain 
susceptibility, translucency changes, and whiteness 
index between GR and LU CAD/CAM restorative 
materials after staining with beverage solutions and 
bleaching.

The immersion period for staining the specimens was 
7  days as the composites absorb considerable staining 
within the first week of exposure [17, 18]. This in  vitro 
immersion time is equivalent to seven months of clinical 
aging in vivo [18, 27]. The thickness of the specimens was 
1.5  mm as this was the recommended minimum thick-
ness for anterior and posterior bonded restorations [17]. 
In the present study, 16% carbamide peroxide at-home 
bleaching agent was utilized which corresponds to 6% 
hydrogen peroxide. It has been reported that 10% carba-
mide peroxide (corresponds to 3.5% hydrogen peroxide) 
has no significant differences in bleaching efficiency over 
composite resins [18, 19].

The color difference between tested materials was 
evaluated by CIEDE2000 as it was proven to be more 
closely related to visual perception than CIELAB [18, 
28]. The analysis of the color difference results has to be 
correlated to the perceptibility (PT) and acceptability 

Fig. 2  Mean color differences after staining (ΔE00st-i), bleaching (ΔE00bl-st), and the residual color difference (ΔE00bl-i) of LU and GR CAD/CAM 
restorative materials (CIEDE2000 50:50% perceptibility (PT) threshold = 0.8, CIEDE2000 50:50% acceptability (PT) threshold = 0.8
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thresholds (AT) for obtaining the actual clinical impact of 
results [18]. In dentistry, the 50:50% PT and 50:50% AT 
are 0.8 and 1.8; respectively [29]. In the present study, GR 
revealed color changes below the perceptibility thresh-
old of 0.8 after bleaching (ΔE00bl-st) and in the residual 
color difference (ΔE00bl-i) in distilled water. However, LU 
showed color changes below perceptibility threshold of 
0.8 only in the residual color difference (ΔE00bl-i) in dis-
tilled water.

LU and GR CAD/CAM restorative materials revealed 
higher color changes after immersion in beverage solu-
tions compared with distilled water. It has been reported 
that discoloration is mostly caused by the organic matrix 
[18]. Composite-resin based restorative materials have 
increased percentages of the organic matrix which is 
correlated to the lower color stability [18]. LU showed 
greater stain susceptibility than GR. The difference in 
chemical composition and structural organization of 
tested materials is the main cause of color changes after 
staining and bleaching [18]. LU has Bis-GMA monomers 
in the composition which is more hydrophilic compared 
to UDMA or TEGDMA [18, 26]. However, GR has 14% 
UDMA with no Bis-GMA. The final color is perceivable 
differently compared with the initial state (after staining 

and bleaching), indicating that the bleaching procedure 
did not neutralize completely the discoloration [18]. 
Bleaching agents degrade the material structure by 
affecting the organic structure and pigments [20]. Con-
sequently, it could be postulated color alterations of LU 
and GR after bleaching might be correlated to pigments 
degradation and surface structure of the specimens [20]. 
Additionally, staining and bleaching caused greater alter-
ation of the WID for LU than GR. Bleaching treatments 
have been shown to have a considerable effect on the 
WID of human teeth both in vivo and in vitro [30]. Con-
sequently, in clinical practice, the impact of bleaching on 
the resin matrix of CAD/CAM restorative materials in 
the oral cavity where teeth and restorative materials are 
present should be considered [20].

Color changes in coffee and tea were greater than in 
cola, ginger, and distilled water following immersion. This 
finding is in accordance with previous studies [14, 17]. 
The higher capability of coffee and tea to stain resin-con-
taining materials might be due to the potential of yellow 
pigments to enter the microstructures of these materials 
[14]. Tea contains a higher amount of tannins, while cof-
fee contains a lot of chromogens [17]. Tannins increase 
the capacity of chromogens to bind to the surfaces of 
materials, promoting staining [17]. The low polarity of 
coffee and tea solutions may also contribute to the color 
change by allowing pigments to penetrate deeper into the 
resin matrix [14, 27]. It has been shown that solutions 
with a pH of 4 to 6 have a higher possibility for infiltrat-
ing resin compounds [31]. In the current study, the pH of 
coffee and tea was 5.5 and 5; respectively, which could be 
an enhancing factor [14, 31]. Tea contains oxalic, malic, 
and citric acid, whereas coffee has about 22 types of acids 
with citric acid, acetic acid, malic acid, and other high 
molecular weight acids accounting for the majority of the 
acidity [17]. On the other hand, cola staining solution has 
higher acidity than coffee and tea; but lower staining abil-
ity on LU and GR. Cola drinks, as compared to other dark 
beverages, have been shown to cause minimal staining of 
resinous materials [14, 32, 33]. Also, because phosphate 
ions have been found to have a similar impact on tooth 
surfaces, the presence of phosphate ions in cola drinks 
may prevent resin surface breakdown [14, 34]. The ginger 
solution prepared in this study had an alkaline pH (8). LU 
showed more color changes with the ginger solution than 
GR. This finding could be contributed to the differences 
in the compositions between LU and GR.

Translucency and opacity are material properties 
that change over time and can be influenced by water 
sorption, chemical degradation, and microstructures 
of restorative materials [18, 35]. The passage of light 
through the material is referred to as translucency, and 
it can give the restoration a natural appearance [36]. 

Table 4  Mean color differences and standard deviations after 
staining (ΔE00st-i), bleaching (ΔE00bl-st), and the residual difference 
compared to baseline (ΔE00bl-i)

Mean values represented with different superscript lowercase letter (column) 
are significantly different (P < 0.05)

Mean values represented with different superscript uppercase letter (row) are 
significantly different (P < 0.05)

Staining solutions CAD/CAM restorative materials

LU GR

ΔE00st-i

 Distilled water 0.84 ± 0.06Aa 0.81 ± 0.08Aa

 Coffee 3.09 ± 0.18Ab 2.56 ± 0.41Bb

 Tea 2.84 ± 0.38Abc 2.42 ± 0.26Bb

 Cola 2.47 ± 0.39Ad 2.13 ± 0.17Bc

 Ginger 2.74 ± 0.35Acd 2.29 ± 0.34Bbc

ΔE00bl-st

 Distilled water 0.81 ± 0.08Aa 0.79 ± 0.08Aa

 Coffee 2.44 ± 0.34Ab 1.89 ± 0.53Bb

 Tea 2.22 ± 0.26Abc 1.75 ± 0.46Bc

 Cola 2.12 ± 0.19Ac 1.54 ± 0.41Bc

 Ginger 2.34 ± 0.29Abc 1.76 ± 0.53Bbc

ΔE00bl-i

 Distilled water 0.72 ± 0.06Aa 0.68 ± 0.05Aa

 Coffee 1.95 ± 0.28Ab 1.31 ± 0.25Bb

 Tea 1.93 ± 0.36Ab 1.43 ± 0.37Bbc

 Cola 1.83 ± 0.33Ab 1.21 ± 0.19Bc

 Ginger 1.94 ± 0.37Ab 1.41 ± 0.29Bbc
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Differences in material translucency have been contrib-
uted to the various chemical composition, grain size, 
crystalline structure, porosity, additives, flaws, and sur-
face texture of the materials [37]. In the present study, 
the possible alteration in the translucency of CAD/
CAM restorative materials after being exposed to bev-
erages solutions and bleaching was evaluated in order 
to analyze the optical changes of the materials to enable 
material selection to conform to different clinical cir-
cumstances [14, 38]. The translucency of LU and GR 
was decreased after staining and bleaching procedures. 
The translucency decreased because of the absorption of 
stain on the surface of the specimens [18]. The weaken-
ing of the resin/filler bond and subsequent penetration 
of colorants into the resin matrix has been attributed 
to the decrease in translucency [17, 39]. The scatter of 
visible light passing through the materials after staining 
can also be affected by the differing refractive indexes of 
the filler particles and resin of LU and GR [17]. Similar 
to color changes, the highest translucency changes were 
observed after exposure to coffee. LU revealed higher 
translucency changes than GR after staining in coffee. 
However, there was no significant difference in translu-
cency changes between LU and GR after staining with 
tea, cola, and ginger. Same finding after bleaching except 
that there was a difference in translucency changes 
between LU and GR for coffee and ginger groups.

One of the limitations of the present study is that only 
1.5  mm thickness and A2 high translucency shaded 
specimens were evaluated. Further studies should be per-
formed using different shades, thickness, translucency, 
and aging to give reliable recommendations for practi-
tioners. In addition, the effect of staining and bleaching 
agent on the microstructures and mechanical properties 
of the tested CAD/CAM restorative materials should be 
further investigated.

Conclusion
Within the limitations of the study, it can be concluded 
that LU nanoceramic CAD/CAM restorative material 
revealed higher color changes than GR nanohybrid mate-
rial. Staining beverage solutions had a marked effect on 
the optical properties of tested CAD/CAM restorative 
materials.

Abbreviations
AT: Acceptability thresholds; Bis-GMA: Bisphenol-A-glycidyl methacrylate; 
Bis-EMA: Bisphenol-A-polyethylene glycol diether dimethacrylate; CAD/CAM: 
Computer-aided design and computer-aided manufacturing; DMA: Dimeth-
acrylate; E00st-i: Color changes after staining; E00bl-st: Color changes after bleach-
ing; E00bl-i: Color changes between initial and final condition; GR: Grandio; LU: 
Lava ultimate; PT: Perceptibility; UDMA: Urethane dimethacrylate; TEGDMA: 
Triethyleneglycol dimethacrylate; HT: High translucency; TP: Translucency 

parameter; ΔTPst-i: Changes in translucency after staining; ΔTPbl-st: Changes in 
translucency after bleaching; ΔTPbl-i: Changes in translucency between initial 
and final situation; WID: Whiteness index; WIDst-i: Whiteness index after staining; 
WIDbl-st: Whiteness index after bleaching; WIDbl-i: Whiteness index between the 
initial and final condition.

Acknowledgements
Not applicable.

Authors’ contributions
SE, ST, and AE were responsible for the concept, design, and implementation 
of the work, analyzed the participant data, and interpretation of data. SE and 
AE were major contributors in writing the manuscript. All authors read and 
approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Availability of data and materials
The datasets generated and analyzed during the current study are not publicly 
available due to (ownership of data) but are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Dental Biomaterials, Faculty of Dentistry, Mansoura University, 
Mansoura 35516, Egypt. 2 Department of Restorative Dental Science, Vision 
Colleges, Jeddah, Saudi Arabia. 3 Department of Endodontics, Faculty of Den-
tistry, Mansoura University, Mansoura, Egypt. 

Received: 25 January 2022   Accepted: 17 March 2022

References
	1.	 Barutcugil C, Bilgili D, Barutcigil K, Dundar A, Buyukkaplan US, Yilmaz B. 

Discoloration and translucency changes of CAD-CAM materials after 
exposure to beverages. J Prosthet Dent. 2019;122(3):325–31. https://​doi.​
org/​10.​1016/j.​prosd​ent.​2019.​01.​009.

	2.	 Edelhoff D, Beuer F, Schweiger J, Brix O, Stimmelmayr M, Guth JF. CAD/
CAM-generated high-density polymer restorations for the pretreatment 
of complex cases: a case report. Quintessence Int. 2012;43(6):457–67.

	3.	 Stawarczyk B, Krawczuk A, Ilie N. Tensile bond strength of resin composite 
repair in vitro using different surface preparation conditionings to an 
aged CAD/CAM resin nanoceramic. Clin Oral Investig. 2015;19(2):299–
308. https://​doi.​org/​10.​1007/​s00784-​014-​1269-3.

	4.	 Miyazaki T, Hotta Y. CAD/CAM systems available for the fabrication of 
crown and bridge restorations. Aust Dent J. 2011;56(Suppl 1):97–106. 
https://​doi.​org/​10.​1111/j.​1834-​7819.​2010.​01300.x.

	5.	 Magne P, Schlichting LH, Maia HP, Baratieri LN. In vitro fatigue resistance 
of CAD/CAM composite resin and ceramic posterior occlusal veneers. 
J Prosthet Dent. 2010;104(3):149–57. https://​doi.​org/​10.​1016/​S0022-​
3913(10)​60111-4.

	6.	 Reymus M, Roos M, Eichberger M, Edelhoff D, Hickel R, Stawarczyk B. 
Bonding to new CAD/CAM resin composites: influence of air abrasion 

https://doi.org/10.1016/j.prosdent.2019.01.009
https://doi.org/10.1016/j.prosdent.2019.01.009
https://doi.org/10.1007/s00784-014-1269-3
https://doi.org/10.1111/j.1834-7819.2010.01300.x
https://doi.org/10.1016/S0022-3913(10)60111-4
https://doi.org/10.1016/S0022-3913(10)60111-4


Page 8 of 8Elsaka et al. BMC Oral Health           (2022) 22:96 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

and conditioning agents as pretreatment strategy. Clin Oral Investig. 
2019;23(2):529–38. https://​doi.​org/​10.​1007/​s00784-​018-​2461-7.

	7.	 Alp G, Subaşi MG, Johnston WM, Yilmaz B. Effect of different resin 
cements and surface treatments on the shear bond strength of ceramic-
glass polymer materials. J Prosthet Dent. 2018;120(3):454–61. https://​doi.​
org/​10.​1016/j.​prosd​ent.​2017.​12.​016.

	8.	 Elsaka SE, Elnaghy AM. Effect of surface treatment and aging on bond 
strength of composite cement to novel CAD/CAM nanohybrid com-
posite. J Adhes Dent. 2020;22(2):195–204. https://​doi.​org/​10.​3290/j.​jad.​
a44284.

	9.	 Acar O, Yilmaz B, Altintas SH, Chandrasekaran I, Johnston WM. Color stain-
ability of CAD/CAM and nanocomposite resin materials. J Prosthet Dent. 
2016;115(1):71–5. https://​doi.​org/​10.​1016/j.​prosd​ent.​2015.​06.​014.

	10.	 Zhi L, Bortolotto T, Krejci I. Comparative in vitro wear resistance of 
CAD/CAM composite resin and ceramic materials. J Prosthet Dent. 
2016;115(2):199–202. https://​doi.​org/​10.​1016/j.​prosd​ent.​2015.​07.​011.

	11.	 Pfeilschifter M, Preis V, Behr M, Rosentritt M. Edge strength of CAD/CAM 
materials. J Dent. 2018;74:95–100. https://​doi.​org/​10.​1016/j.​jdent.​2018.​05.​
004.

	12.	 Grzebieluch W, Mikulewicz M, Kaczmarek U. Resin composite materials for 
chairside CAD/CAM restorations: a comparison of selected mechanical 
properties. J Healthc Eng. 2021;2021:8828954. https://​doi.​org/​10.​1155/​
2021/​88289​54.

	13.	 Rocha Gomes Torres C, Caroline Moreira Andrade A, Valente Pinho Mafe-
tano AP, Stabile de Abreu F, de Souza Andrade D, Cintra Mailart M, et al. 
Computer-aided design and computer-aided manufacturing indirect 
versus direct composite restorations: a randomized clinical trial. J Esthet 
Restor Dent. 2021. https://​doi.​org/​10.​1111/​jerd.​12820.

	14.	 Eldwakhly E, Ahmed DRM, Soliman M, Abbas MM, Badrawy W. Color and 
translucency stability of novel restorative CAD/CAM materials. Dent Med 
Probl. 2019;56(4):349–56. https://​doi.​org/​10.​17219/​dmp/​111400.

	15.	 Tinastepe N, Malkondu O, Iscan I, Kazazoglu E. Effect of home and over 
the contour bleaching on stainability of CAD/CAM esthetic restorative 
materials. J Esthet Restor Dent. 2021;33(2):303–13. https://​doi.​org/​10.​
1111/​jerd.​12604.

	16.	 Topcu FT, Sahinkesen G, Yamanel K, Erdemir U, Oktay EA, Ersahan S. Influ-
ence of different drinks on the colour stability of dental resin composites. 
Eur J Dent. 2009;3(1):50–6.

	17.	 Quek SHQ, Yap AUJ, Rosa V, Tan KBC, Teoh KH. Effect of staining beverages 
on color and translucency of CAD/CAM composites. J Esthet Restor Dent. 
2018;30(2):E9–17. https://​doi.​org/​10.​1111/​jerd.​12359.

	18.	 Gasparik C, Culic B, Varvara MA, Grecu A, Burde A, Dudea D. Effect of 
accelerated staining and bleaching on chairside CAD/CAM materials with 
high and low translucency. Dent Mater J. 2019;38(6):987–93. https://​doi.​
org/​10.​4012/​dmj.​2018-​335.

	19.	 Alharbi A, Ardu S, Bortolotto T, Krejci I. In-office bleaching efficacy on 
stain removal from CAD/CAM and direct resin composite materials. J 
Esthet Restor Dent. 2018;30(1):51–8. https://​doi.​org/​10.​1111/​jerd.​12344.

	20.	 Özturk C, Çelik E, Özden AN. Influence of bleaching agents on the color 
change and translucency of resin matrix ceramics. J Esthet Restor Dent. 
2020;32(5):530–5. https://​doi.​org/​10.​1111/​jerd.​12580.

	21.	 Guler AU, Yilmaz F, Kulunk T, Guler E, Kurt S. Effects of different drinks on 
stainability of resin composite provisional restorative materials. J Prosthet 
Dent. 2005;94(2):118–24. https://​doi.​org/​10.​1016/j.​prosd​ent.​2005.​05.​004.

	22.	 Johnston WM, Ma T, Kienle BH. Translucency parameter of colorants for 
maxillofacial prostheses. Int J Prosthodont. 1995;8(1):79–86.

	23.	 Labban N, Al Amri M, Alhijji S, Alnafaiy S, Alfouzan A, Iskandar M, et al. 
Influence of toothbrush abrasion and surface treatments on the color 
and translucency of resin infiltrated hybrid ceramics. J Adv Prosthodont. 
2021;13(1):1–11. https://​doi.​org/​10.​4047/​jap.​2021.​13.1.1.

	24.	 Pérez Mdel M, Ghinea R, Rivas MJ, Yebra A, Ionescu AM, Paravina RD, et al. 
Development of a customized whiteness index for dentistry based on 
CIELAB color space. Dent Mater. 2016;32(3):461–7. https://​doi.​org/​10.​
1016/j.​dental.​2015.​12.​008.

	25.	 Erdemir U, Yildiz E, Eren MM, Ozel S. Surface hardness evaluation of dif-
ferent composite resin materials: influence of sports and energy drinks 
immersion after a short-term period. J Appl Oral Sci. 2013;21(2):124–31. 
https://​doi.​org/​10.​1590/​1678-​77572​01302​185.

	26.	 Stawarczyk B, Sener B, Trottmann A, Roos M, Ozcan M, Hammerle CH. 
Discoloration of manually fabricated resins and industrially fabricated 
CAD/CAM blocks versus glass-ceramic: effect of storage media, duration, 

and subsequent polishing. Dent Mater J. 2012;31(3):377–83. https://​doi.​
org/​10.​4012/​dmj.​2011-​238.

	27.	 Arocha MA, Basilio J, Llopis J, Di Bella E, Roig M, Ardu S, et al. Colour stain-
ability of indirect CAD-CAM processed composites vs. conventionally 
laboratory processed composites after immersion in staining solutions. J 
Dent. 2014;42(7):831–8. https://​doi.​org/​10.​1016/j.​jdent.​2014.​04.​002.

	28.	 Luo MR, Cui G, Rigg B. The development of the CIE 2000 colour-difference 
formula: CIEDE2000. Color Res Appl. 2001;26(5):340–50. https://​doi.​org/​
10.​1002/​col.​1049.

	29.	 Paravina RD, Ghinea R, Herrera LJ, Bona AD, Igiel C, Linninger M, 
et al. Color difference thresholds in dentistry. J Esthet Restor Dent. 
2015;27(Suppl 1):S1-9. https://​doi.​org/​10.​1111/​jerd.​12149.

	30.	 Tao D, Sun JN, Wang X, Zhang Q, Naeeni MA, Philpotts CJ, et al. In vitro 
and clinical evaluation of optical tooth whitening toothpastes. J Dent. 
2017;67S:S25–8. https://​doi.​org/​10.​1016/j.​jdent.​2017.​08.​014.

	31.	 Borges AL, Costa AK, Saavedra GS, Komori PC, Borges AB, Rode SM. 
Color stability of composites: effect of immersion media. Acta Odontol 
Latinoam. 2011;24(2):193–9.

	32.	 Tan BL, Yap AU, Ma HN, Chew J, Tan WJ. Effect of beverages on color 
and translucency of new tooth-colored restoratives. Oper Dent. 
2015;40(2):E56-65. https://​doi.​org/​10.​2341/​149027-L.

	33.	 Mundim FM, Garcia Lda F, Pires-de-Souza FC. Effect of staining solutions 
and repolishing on color stability of direct composites. J Appl Oral Sci. 
2010;18(3):249–54. https://​doi.​org/​10.​1590/​s1678-​77572​01000​03000​09.

	34.	 Aliping-McKenzie M, Linden RW, Nicholson JW. The effect of Coca-Cola 
and fruit juices on the surface hardness of glass-ionomers and ‘compom-
ers.’ J Oral Rehabil. 2004;31(11):1046–52. https://​doi.​org/​10.​1111/j.​1365-​
2842.​2004.​01348.x.

	35.	 Lee BS, Huang SH, Chiang YC, Chien YS, Mou CY, Lin CP. Development 
of in vitro tooth staining model and usage of catalysts to elevate the 
effectiveness of tooth bleaching. Dent Mater. 2008;24(1):57–66. https://​
doi.​org/​10.​1016/j.​dental.​2007.​01.​012.

	36.	 Heffernan MJ, Aquilino SA, Diaz-Arnold AM, Haselton DR, Stanford CM, 
Vargas MA. Relative translucency of six all-ceramic systems. Part I: core 
materials. J Prosthet Dent. 2002;88(0022-3913 (Print)):10–5.

	37.	 Kurtulmus-Yilmaz S, Cengiz E, Ongun S, Karakaya I. The effect of Surface 
treatments on the mechanical and optical behaviors of CAD/CAM 
restorative materials. J Prosthodont. 2019;28(2):e496–503. https://​doi.​org/​
10.​1111/​jopr.​12749.

	38.	 Vichi A, Carrabba M, Paravina R, Ferrari M. Translucency of ceramic materi-
als for CEREC CAD/CAM system. J Esthet Restor Dent. 2014;26(4):224–31. 
https://​doi.​org/​10.​1111/​jerd.​12105.

	39.	 Azzopardi N, Moharamzadeh K, Wood DJ, Martin N, van Noort R. Effect 
of resin matrix composition on the translucency of experimental dental 
composite resins. Dent Mater. 2009;25(12):1564–8. https://​doi.​org/​10.​
1016/j.​dental.​2009.​07.​011.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s00784-018-2461-7
https://doi.org/10.1016/j.prosdent.2017.12.016
https://doi.org/10.1016/j.prosdent.2017.12.016
https://doi.org/10.3290/j.jad.a44284
https://doi.org/10.3290/j.jad.a44284
https://doi.org/10.1016/j.prosdent.2015.06.014
https://doi.org/10.1016/j.prosdent.2015.07.011
https://doi.org/10.1016/j.jdent.2018.05.004
https://doi.org/10.1016/j.jdent.2018.05.004
https://doi.org/10.1155/2021/8828954
https://doi.org/10.1155/2021/8828954
https://doi.org/10.1111/jerd.12820
https://doi.org/10.17219/dmp/111400
https://doi.org/10.1111/jerd.12604
https://doi.org/10.1111/jerd.12604
https://doi.org/10.1111/jerd.12359
https://doi.org/10.4012/dmj.2018-335
https://doi.org/10.4012/dmj.2018-335
https://doi.org/10.1111/jerd.12344
https://doi.org/10.1111/jerd.12580
https://doi.org/10.1016/j.prosdent.2005.05.004
https://doi.org/10.4047/jap.2021.13.1.1
https://doi.org/10.1016/j.dental.2015.12.008
https://doi.org/10.1016/j.dental.2015.12.008
https://doi.org/10.1590/1678-7757201302185
https://doi.org/10.4012/dmj.2011-238
https://doi.org/10.4012/dmj.2011-238
https://doi.org/10.1016/j.jdent.2014.04.002
https://doi.org/10.1002/col.1049
https://doi.org/10.1002/col.1049
https://doi.org/10.1111/jerd.12149
https://doi.org/10.1016/j.jdent.2017.08.014
https://doi.org/10.2341/149027-L
https://doi.org/10.1590/s1678-77572010000300009
https://doi.org/10.1111/j.1365-2842.2004.01348.x
https://doi.org/10.1111/j.1365-2842.2004.01348.x
https://doi.org/10.1016/j.dental.2007.01.012
https://doi.org/10.1016/j.dental.2007.01.012
https://doi.org/10.1111/jopr.12749
https://doi.org/10.1111/jopr.12749
https://doi.org/10.1111/jerd.12105
https://doi.org/10.1016/j.dental.2009.07.011
https://doi.org/10.1016/j.dental.2009.07.011

	Effect of staining beverages and bleaching on optical properties of a CADCAM nanohybrid and nanoceramic restorative material
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Sample size
	Specimen preparation
	Grouping of specimens
	Color measurements

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


