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Introduction
Computer‑aided design/computer‑aided 
manufacturing (CAD/CAM) technology has 
made giant steps in dentistry.[1,2] Precision 
and aesthetic outcome are now digitally 
guided to facilitate impression, design 
and manufacturing[3] allowing single‑visit 
treatments. The introduction of monolithic 
CAD/CAM blocks/discs has allowed more 
predictable shade matching since final 
shade outcome is no longer related to lab 
technician skills or to the various other 
factors that influence the final color of 
traditional dental porcelain restorations.[4]

Combining translucency and excellent 
physical properties, lithium disilicate 
glass ceramic (LDGC) is considered 
to be the reference for prosthetic 
rehabilitation using monolithic restorative 
materials.[5,6] However, in its metasilicate 
state, this material consists of 40% 
of crystals and it is time (and bur) 
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Abstract
Background: Computer‑aided design/computer‑aided manufacturing (CAD/CAM) resin ceramics 
allow easier milling than glass ceramics but are suspected to be more stainable. Although Photoshop® 
is widely used for picture analysis, its potential for shade selection has not been properly assessed. 
Aim: Purpose primary: To evaluate the color stability of three CAD/CAM resin ceramics and Lithium 
Disilicate. Secondary: to compare the color evaluation between a spectrophotometer (Vita Easyshade 
compact) and Photoshop software. Materials and Methods: Three CAD/CAM resin ceramic 
materials (n = 10) and a fourth group of lithium disilicate were used. Half of each group were 
thermocycled (5°C and 55°C; 3000 cycles). All samples were immersed in colored beverages (coffee, 
tea and red wine) for 30 days. Values were obtained by spectrophotometry and photographs analyzed 
using Photoshop software. The parameters measured were CIEL*a*b, and the color difference (ΔE) 
was analyzed. A mixed model test was used to compare the results through time and materials 
(α = 0.05). The comparison between the spectrophotometer and Photoshop results was performed 
using the bivariate Pearson’s correlation test. Results: Lithium disilicate glass ceramic exhibited less 
color change (ΔE = 14) than resin ceramics (15.7 < ΔE < 18.7). The least change was noted with 
GC Cerasmart (ΔE = 15.7) followed by Vita Enamic (ΔE = 17*) and Brilliant Crios (ΔE = 18.7*). 
Spectrophotometer and Photoshop values showed low correlations. Conclusions: Resin ceramics 
may suffer from color change in clinical use. Photoshop is technique sensitive; pictures are easily 
affected by the light conditions and camera settings.
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consuming during milling.[7] Furthermore, 
crystallization and glazing of LDGC in a 
ceramic oven for 20–25 min is mandatory 
to achieve full strength and proper shade, 
thus limiting its advantage for chairside 
single appointment procedures.[8] LDGC 
hardness can also result in wear of 
opposing teeth,[9,10] and in case of chipping, 
the mechanical results following repair are 
questionable.[11‑13]

Several materials with improved 
physical characteristics have been 
developed. A composite resin block 
(Paradigm MZ100, 3M ESPE, St. Paul, 
MN, USA) was the first marketed 
CAD‑CAM block product containing 
85% zirconia‑silica fillers by weight in 
a BIS‑GMA and TEG‑DMA polymer 
matrix.[7] Later, a polymer‑infiltrated 
ceramic‑network (PICN) (Enamic, Vita 
ZahnFabrik, BAD Säckingen, Germany) 
was introduced, followed by resin‑based 
materials charged with dispersed 
ceramic nanoparticles that were termed 
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resin nanoceramics (RNC) (Lava Ultimate, 3M ESPE; 
Cerasmart, GC; and Brilliant Crios, Coltène). Since resin 
ceramic materials are highly charged with ceramic particles 
(70%–85% by weight), hydrofluoric acid etching and silane 
coupling is possible.[14‑16] In addition, due to their organic 
network and nano‑sized charge, resin ceramics cause lower 
shock transmission and less wear to opposing teeth,[17,18] 
favoring their use in implant‑supported restorations.[19] In a 
recent investigation, Awada and Nathanson[17] demonstrated 
that milling resin ceramics yields a smoother surface and 
better margin integrity than glass ceramics. Argyrou et al. 
additionally illustrated that resin ceramics are subject 
to less frequent edge chipping,[20] and Doghan showed 
that resin ceramics were more resistant to fracture than 
feldspathic ceramic.[21]

The aesthetic requirements of dental materials used for 
restorations include color stability. Previous research has 
demonstrated greater color changes following chromogenic 
food and beverage intake in resin‑based restorations than 
in glazed ceramics.[22‑24] PICN and RNC materials are 
mechanically polished and/or use a photopolymerized 
glaze, and as such do not have the surface strength of 
glazed ceramics to resist wear and color stain.[25,26]

Clinically, shade selection for dental restorations is traditionally 
performed using shade guides. Digital spectrophotometers 
have recently been advocated in light of increasing research 
demonstrating the superior accuracy of digital shade 
selection over the classic shade guide.[3,27‑30] Additionally, 
recent research efforts have geared towards assessing the 
applicability of utilizing digital cameras in conjunction with 
proprietary digital imaging software for color measurement 
due to their widespread use by practitioners to communicate 
with colleagues and lab technicians.[31‑33] Although promising, 
research on this method is still in its infancy and requires 
validation through extensive research.

The primary aim of this study was to evaluate the 
color changes of two CAD/CAM RNC and one 
CAD/CAM PICN by immersion in colored beverages 
using a spectrophotometer (Vita Easyshade® compact) and 
a digital photography software (Photoshop). A secondary 
aim was to compare the accuracy of the assessment of 
color change between the two methods of color change 

assessment. The null hypotheses were that:[1] there would 
be no differences between groups in artificial staining when 
they are immersed in the same colored beverage, and[2] 
that there are no differences between the accuracy of the 
assessment of color change using Photoshop® and Vita 
Easyshade® for the stained materials.

Color evaluation is usually done using “L*a*b” numerical 
parameters issued by the Commission Internationale 
de l’Éclairage;[34‑37] (L) represents lightness and varies 
between 0 and 100, (a) a value of green and red balance 
in 256 steps and varies between (–128) and (+127), 
and (b) a value of blue and yellow having the same range 
as (a). For color change measurement, (ΔE) expresses 
the color shift of these 3 parameters according to the 
following formula: ΔE = (ΔL2+ Δa2+ Δb2)½. Some authors 
like Acar et al.[38] and Ghinea et al.[39] prefer the CIEDE 
2000 formula for subtle color changes (Commission 
internationale de l’Eclairage delta E formula corrected 
in year 2000), this formula deals with color difference 
through corrected parameters (L = Lightness, C = Chroma 
and H = Hue).

Materials and Methods
Preparation of specimens

Four different materials were selected and divided into 4 
groups of 10 each [Table 1]. The resin ceramic blocks were 
cut 3 mm above the metal holder to prevent any translucency 
showing the metal holder. Specimens were arranged in 
rows and labeled according to the material [Figure 1]. They 
were then polished using 600–1000 wet silicon carbide 
abrasive papers (Imperial Wetordry, 3M, Saint Paul, USA).

LDGC blocks were separated from their metal holders and 
crystallized in a ceramic furnace (Programat P310, Ivoclar, 
Vivadent, Schaan, Liechtenstein) following the manufacturer’s 
recommendation, then partially embedded in self‑cured 
resin (Novacryl, Tricodent LTD, Victoria Rd, Burgess Hill, 
England) for labeling and staining [Figure 1]. The surface was 
polished with 600–1000 wet silicon carbide abrasive papers to 
make the stainability condition similar to that of resin ceramic 
since the glazed LDGC surface is smoother[40] and thus harder 
to stain.[24] The polished LDGC blocks were then arranged in 
two rows for labeling and color recording.

Table 1: Computer aided design/computer‑aided manufacturing materials used
Group Blocks used Manufacturer Composition Lot number
1 Cerasmart GC, Japan Resin nanoceramic Composite resin material (Bis UDMA, DMA) 

71 weight % silica and barium glass
1504271

2 Enamic Vita, Germany PICN Feldspar ceramic 86 weight % 
Methacrylate polymer 14 weight %

37380

3 Brilliant 
Crios

Coltene, 
Switzerland

Resin nanoceramic Crosslinked metacrylates 29.3 weight % 
Amorphous silica 70.7 weight %

G99755

4 E.max Ivoclarvivadent 
Liechtenstein

LDGC 70 volume % lithium disilicate and glass 
ceramic

U50480

PICN: Polymer‑infiltrated ceramic‑network; LDGC: Lithium disilicate glass ceramic; DMA: Dimethacrylate; UDMA: Urethane dimethacrylate
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Following initial baseline color recording, half 
of the samples from each group (n = 5) were 
thermocycled (aged) for 3000 cycles between 5°C and 
55°C (computer‑controlled custom‑made thermocycler) 
with an immersion time of 30 s in each water bath and a 
transfer time of 10 s.

Staining procedures

All samples were subjected to artificial staining after the 
initial color assessment by immersion in an incubator at 
37°C for 30 days. The incubator contained 3 separate 
reservoirs of 500 ml each, the first containing 500 ml 
red wine (Clos St‑Thomas, Ksara, Lebanon), the second 
containing coffee (3 tablespoons of Nescafé Red MUG 
in 500 ml water) and the third containing tea (Lipton tea 
classic, 3 predosed bags in 500 ml water). The samples 
were immersed for a period of 8 h in each container 
and were rinsed for 15 s with abundant running water 
before being transferred into the next container. The 
solutions were renewed each day, and all specimens 
were brushed daily under running water using a soft 
toothbrush.

Color recording

All samples were color scanned to measure the (L* a*b) 
values. As issued by the Commission Internationale de 
l’Éclairage.[34‑37]

For each specimen, color was evaluated using 
both spectrophotometry and digital photography at 
baseline (prestaining and postaging if applicable) and at 
days 1, 2, 7, 14, and 30. For digital color assessment, all 
samples were subjected to color recording:

Color recording 1: All samples were color scanned prior 
to staining using a spectrophotometer (Vita Easyshade 
Compact, Vita ZahnFabrik, BAD Säckingen, Germany) to 
measure (L*a*b) values.

Color recording 2: All samples were also photographed. 
The mounted set up for still photography included 
4 daylight 5W LED spots (Go Ocean, China, 5500°K) 
in a 40 cm × 40 cm light chamber to obtain an even 
illumination.[41] The light source was set at 45°angle 
to prevent reflection to the camera lens [Figure 2]. 
A digital single lens reflex camera (Nikon D3200, 
Nikon Corp, Japan and a macro lens, Model 
A001NII, Tamron AF 70–200 mm f/2.8 Di LD IF, 
TAMRON, Japan) was mounted on a tripod and set 
on manual mode (200 ASA, F/32, white balance set 
at “fluorescent”). The intensity of light was measured 
using a light‑meter (L358, Sekonic, Tokyo, Japan) 
and with the given distance (25 cm); the light‑meter 
indicated (EV = 10.8) and 1/5 s for shutter speed. 
The pictures were saved in JPEG uncompressed 
format (4608 × 3072 pixels), and transferred to a 
photography software (Photoshop CS6, ADOBE 
systems incorporated, USA), (L*a*b) parameters were 
measured with a selected spot of 3 × 3 pixels.

Statistical analysis

Normality of data distribution was confirmed using the 
Kolmogorov–Smirnov test.Figure 1: The blocks are arranged in rows for labeling and color record
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Figure 2: ∆E change of the four groups through time (0 to 30 days) measured by Vita Easyshade compact and Photoshop
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A mixed model analysis of variance was used to assess 
the effects of material, time and aging (thermocycling). 
Since color change was measured at five‑step 
intervals for groups and aging process, there were 
between‑groups and within‑groups effects which have to be 
analyzed.

Pearson’s product‑moment correlations were used to 
compare Photoshop measurements with Easyshade values. 
The IBM® SPSS® statistics version 18.0 statistical package 
was used to carry out all statistical analyses. Statistical 
significance was set at 0.05.

Results
All ∆ E values were high (14< ∆E < 20) after 30 days of 
immersion in the three consecutive colored beverages and 
brushing with water only [Table 2 and Figure 2].

Based on Spectrophotometer assessment, Group 4 showed 
the least color change at day one with significant differences 
compared to Groups 2 and 3 (P < 0.05). Group 3 (Brilliant) 
was the most affected. At day 2, a significant difference 
was noticed between Group 4 and the other three 
groups (P < 0.01) with less important differences between 
Group 1 and 2 (P > 0.01). At day 7, Group 4 showed 
significant differences when compared with the three 
others (P < 0.01), whereas the three other groups displayed 
similar values to each other. At day 14, Group 4 showed 
significant differences when compared with Groups 2 and 
3 (P < 0.01) whereas the difference with Group 1 was not 
significant. At day 30, among the four materials, Group 4 
showed the least color change and showed significant 
difference with Groups 2 and 3 (P < 0.01) while the color 
shift with Group 1 was not significant.

There was a statistically significant difference 
across the 5 time points (P < 0.001), and significant 
differences between types of material (P < 0.01). The 
interaction effect between time and type of material 
was also significant (P < 0.01). The interaction between 
thermocycling and time or type did not show any 
significant difference (time * aging: P = 0.353) and 
(time * type*aging: P = 0.488). Thermocycling had no 
significant effect on staining in any group.

The comparison between Easyshade and Photoshop 
measurements showed a difference between groups and 
within groups. There was a weak correlation between the 

two methods of measurement except at day 30 where the 
correlation increased (P = 0.002) but was still at a low 
level (r = 0.48; P = 0.002) [Table 3].

Discussion
The artificial aging used in this experiment 
(thermocycling/color staining) simulates a clinical use of 
2.5 years (30 months), as it has been described that 24 h 
of staining in vitro corresponds to approximately 1 month 
in vivo,[22,38,42,43] therefore the immersion period would 
simulate approximately 30 months. The 3000 thermic cycles 
(5°C–55°C) are also equivalent to the same period.[44,45]

The fact that no toothpaste was used during the daily 
brushing is due to the abrasion ability of the toothpaste that 
might have altered the surface and modify the color change 
intensity,[46] this routine reduces the ability to transfer 
our results to the clinical outcome but abrasive brushing 
is a factor that is related to wear/staining and should be 
assessed separately in future studies.

The first null hypothesis was rejected since all specimens 
exhibited important color changes at 30 days. The changes 
affected mainly ∆L and ∆a values with less important 
changes in ∆b values. This finding could be explained by 
the kind of beverages used being more saturated with black 
and red (wine, coffee, and tea) than blue or yellow. The 
second null hypothesis was also rejected, as Photoshop 
evaluation of color was not comparable with that of the 
spectrophotometer.

Resin ceramics are more sensitive to staining agents than 
glass ceramics as was confirmed by Lawson and Burgess, and 
Karaokutan et al.[43,47] In this study, Cerasmart exhibited less 
stain than Enamic, which contradicts previously published 
results[38] where the samples were only thermocycled 
in coffee and the formula used for color analysis was 
CIEDE2000. A recent study showed that red wine stains 
more than coffee and tea for all composites and CAD/CAM 
resin ceramics.[48] The low PH of red wine (3 < PH < 4) 
may justify the high values of color changes reported. 
More recent studies demonstrate that resin ceramic color 
change is greatly affected by polishing quality.[49,50] RNC 
are easier to polish because they are less charged than PICN 
and this can lead to a better color stability. However, this 
explanation does not justify the high staining of Brilliant 
Crios. Other factors that may interfere with color outcome 
include surface hardness,[51] and Kurtulmus et al. found that 

Table 2: Color change monitoring through time and between groups
Photoshop Material Easyshade compact

∆E1 ∆E2 ∆E7 ∆E14 ∆E30 ∆E1 ∆E2 ∆E7 ∆E14 ∆E30
2.55 3.37 5.14 7.68 19.75 Cerasmart 5.41 5.94* 12.61* 13.78 15.71
2.71 5.03 6.56 10.38 20.13 Enamic 6.37* 8.15* 11.71* 15.50* 17.01*
1.31 3.25 4.65 7.55 13.05 Brilliant 8.44* 11.02* 12.66* 16.56* 18.72*
2.52 5.79 6.71 6.76 8.36 E.max 3.11 2.95 4.05 12.22 14.07
*Significant difference with LDGC. LDGC: Lithium disilicate glass ceramic
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optics as well as physical properties are affected by surface 
treatment of resin ceramics.[52]

Mainjot et al. incriminates degradation of the resin matrix 
at the surface as a cause of color change in resin‑based 
ceramic.[7] Also, Sideridou and Karabela showed that 
all resins absorb water (and water‑based colorants) at 
different levels,[53] and Belli highlighted the presence of 
hydrophilic triethylene glycol dimethacrylate (TEG‑DMA) 
and (BIS‑EMA) in all resin‑based materials.[54] This 
explains the lower surface integrity of resin‑based ceramics 
as compared to glass ceramics. CAD/CAM materials are 
highly cured (heat and pressure) with little or no free 
radicals and no photoinitiators,[7] this finding explains 
that the staining is related to surface alteration and not 
porosity, however, a recent paper showed that CAD/CAM 
resin ceramics may be polished or even office bleached to 
remove stains.[55] Vita Easyshade and Photoshop showed 
major differences in ∆E values, which may be justified 
by the different way each system works. In a previous 
study[33] comparing Photoshop and a spectrophotometer 
where the sample was a standard shade guide measured 
in a single step; the agreement between the two methods 
of measurement was very high, although the authors did 
report higher reliability for spectrophotometry. Other 
studies emphasize that digital photographs are influenced 
by light and camera setting[31,32] and recommend method 
verification and calibration of the algorithm function 
of custom white balance in different digital cameras.[38] 
Similarly, a recent study showed that the difference between 

a spectrophotometer and a digital camera can be significant 
and the color reproduction can lead to color errors beyond 
acceptance.[56]

Several previously published studies[57‑59] fail to mention 
crucial details regarding the digital camera settings 
used such as the flash setting (through the lens metering 
“TTL” or manual). It is important to mention that the TTL 
function of the flash will adjust the flash power to get a 
correct exposure and average brightness in all pictures. The 
second missing detail was whether the camera was set at 
spot metering or (evaluative) matrix metering. When the 
camera is in spot metering or center‑weighted mode, the 
lightness is measured at the center of the picture while the 
surrounding area is neglected (in case of photographing a 
tooth, the gum is neglected). If the camera is set in matrix 
mode, the whole frame lightness is taken into consideration 
(in case of oral photography, the gum brightness may 
interfere with the illumination of the tooth by the TTL 
macro flash). These two details affect the brightness (∆L) 
while setting the camera’s white balance to auto (auto 
white balance) will affect the color (∆a and ∆b).

Photoshop has a spot for color analysis of (3 × 3 pixels) 
and can be adjusted to a maximum of (15 × 15 pixels) but 
it remains very narrow compared to the 5 mm diameter tip 
of Easyshade.

In the light‑box used in our study, the electric 
vehicle (EV) (light power) was calculated to 
be = 10.8, while the Easyshade showed that it works 
at EV = 13.5 (measured by the same light‑meter). This 
overexposure condition of Easyshade is helpful for light 
penetration through the surface of tooth/ceramic but does 
not comply with general conditions of photography.

The low‑angle illumination used in still photography is 
needed to eliminate any direct light reflection to the lens 
[Figure 3]. This is very different from the perpendicular 
sub‑surface illumination of Easyshade where 2 consecutive 
illuminations of about 0.5 s each are emitted (first the 
outer row of fibers approximately 5 mm in diameter 
illuminate, then the inner row of approximately 3 mm) 
[Figure 4]. By the dual consecutive lighting, Easyshade 
results in some penetration of light and reflection from 
a deeper layer than just the surface that may be helpful 
to the lab technician. In fact, Easyshade gives two 
side results for each measurement, the first for deeper 
layers (as for dentin) and the second for a shallower 
depth (as for enamel).

The above‑mentioned divergences explain the different 
results between the two systems. It is useful to mention that 
taking a picture containing the patient’s teeth and shade 
guide elements at the same time with a black or graeyy 
background remains a useful hint for the lab technician 
since the shade guide and the patient’s teeth are being 
photographed under the same conditions.

Figure 3: Self-made still photography setup for color evaluation

Table 3: Comparison of Easyshade compact to the 
photoshop method (bivariate Pearson’s correlation)

Spectrophotometer Photoshop Pearson r P
∆ES01 ∆PhE01 −0.172 0.287
∆ES02 ∆PhE02 −0.286 0.074
∆ES07 ∆PhE07 −0.339 0.032
∆ES14 ∆PhE14 0.113 0.489
∆ES30 ∆PhE30 0.479 0.002*
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Conclusions
Within the limitations of this in vitro study, the following 
conclusions can be drawn:
• Cerasmart exhibits less color change than Enamic, and 

Brilliant Crios is the most susceptible to staining
• E. max shows better color stability than RNC’s and 

hybrid ceramic materials
• Staining values (ΔE change) are more affected by 

time and material than thermocycling in all assessed 
materials. Thermocycling has no significant effect on 
staining in the assessed ceramics

• Photoshop and digital photography show poor precision 
in intra‑oral color measurement and produce results that 
do not concur with their spectrophotometer counterparts.
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