
Vol.:(0123456789)1 3

Odontology (2021) 109:393–402 
https://doi.org/10.1007/s10266-020-00554-4

ORIGINAL ARTICLE

Evaluation of shade correspondence between current monolithic 
CAD/CAM blocks and target shade tab by considering the influence 
of cement shade and restorative material thickness

Salim Ongun1  · Özay Önöral1 · Burcu Günal‑Abduljalil1

Received: 24 April 2020 / Accepted: 11 September 2020 / Published online: 28 September 2020 
© The Society of The Nippon Dental University 2020

Abstract
It was aimed to evaluate shade matching between novel CAD/CAM blocks and the A2 target shade tab by considering the 
influence of cement shade and restorative material thickness on the chromatic background. A total number of 120 rectangular-
shaped specimens were subtracted from four different prefabricated CAD/CAM blocks [Vita Enamic (VE), Lava Ultimate 
(LU), GC Cerasmart (GC), and Vita Mark II (VMII)]. These specimens had thicknesses of 0.5 mm and 1.0 mm. Three 
different shades (A2, opaque, and translucent) of dual-polymerized resin cement were chosen. The dentin shade (A3.5) 
restorative composite foundation was incrementally fabricated in a silicon mold. For control group, the A2 shade tab of the 
Vitapan classical shade guide was used. Different restorative material–cement–foundation assemblies were generated with 
optic gel. Color readings were performed by using a clinical spectrophotometer, and CIEDE2000 (ΔE00) formula was used 
to assess color differences. Data were statistically analyzed (α = 0.05). With increasing thickness, color difference values 
decreased. Higher mean ΔE00 units were observed in all restorative material sub-groups for 0.5 mm thickness. In TR shade, 
no statistically significant difference was detected among the mean ΔE00 values of 0.5 mm-thick restorative materials. Color 
differences in groups 1.0 mm-opaque-LU and 1.0 mm-opaque-GC indicated perceptible but clinically acceptable values 
(0.8˂ΔE00 ≤ 1.8). The highest and lowest ΔE00 units were observed in the 0.5 mm-A2-VE group (ΔE00 = 7.07) and 1 mm-
opaque-GC group (ΔE00 = 1.46), respectively. Luting cement shade, restorative material type, and thickness significantly 
influenced the resultant color of restoration. Opaque cement on dentin foundation exhibited lower color differences.
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Introduction

Rapid progress in CAD/CAM technology has led to the 
emergence of different machinable restorative materials with 
enhanced optical and mechanical characteristics for the fab-
rication of indirect restorations [1–3]. Currently, a plethora 
of preprocessed blocks is available [1, 2, 4, 5]. Despite the 
superior esthetic properties of glass ceramics, the demand 
for stronger ceramic restoration has increased, and thereby, 
ceramic-reinforced polymers (CRPs) have been introduced 
[6].

CRPs combine the positive properties of ceramic and 
composite materials and thereby provide superior properties: 
(1) they exhibit superior fatigue resistance to enable the pro-
duction of ultra-thin non-invasive restorations [7, 8], (2) they 
are wear resistant and gentle to the opposite dentition due 
to the presence of polymeric matrix [4], (3) they minimally 
expose to fracture during occlusal adjustments and try-in 
[8], (4) they present lower fracture toughness than lithium 
disilicate glass ceramic and zirconia-reinforced lithium sili-
cate [9], (5) they enhance machinability due to the presence 
of soft resin matrix [10], (6) intra-oral repair is possible [4, 
10], (7) there is no need for sintering or crystallization fir-
ing [4], (8) although each CRP requires a dedicated surface 
treatment; they generally exhibit high bond strength values 
[5], (9) they provide clinically acceptable results in terms of 
esthetic [5], and (10) their superb fatigue resistance allows 
restoration to withstand against masticatory forces [11].
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Full-coverage ceramic crowns have been used for 
esthetic rehabilitation of anterior teeth for many years. 
However, it has been expressed as an invasive type of 
restoration because it causes excessive tissue loss [12]. 
Recently, the grand progress in bonding capability to 
enamel and dentin tissues enabled the introduction of 
a minimally invasive restorative technique—laminate 
veneer—to deal with anesthetic tooth appearance [13]. 
Commonly, the thickness of laminate veneer restorations 
is in the range of 0.4–1.0 mm [14]. This gives high trans-
lucency to these restorations [15]. Selecting the suitable 
thickness of the ceramic is of paramount importance to 
achieve optimal esthetics [2, 16, 17]. The more translucent 
the ceramic system is, the greater the light transmission is 
feasible, and the more natural appearance would be [18, 
19]. However, this creates a challenge in the creation of an 
esthetic restoration that blends harmoniously with adjacent 
natural teeth [13, 15, 16, 18]. In cases where the thickness 
of the ceramic system is less than 2 mm, it is known that 
the optical properties of the restoration may vary signifi-
cantly [3, 20] depending on the thickness, shade, texture, 
and chemical composition of the underlying structures, 
and this may thereby compromise the expected optical 
result (target shade tab) [2, 12, 17, 21–26]. Additionally, 
chromatic foundations caused by endodontic treatment, 
trauma, and pigmentation add another level of complexity 
to the shade matching procedure [24, 27].

Color differences can be assessed either instrumentally or 
visually. Various instruments have been developed to record 
color coordinates and to calculate colorimetric differences 
between two objects by comparing their respective coordi-
nates [16, 27]. Of these, the spectrophotometer is widely 
preferred in previous studies [19, 21, 28–31]. In compari-
son with visual observation, the use of spectrophotometer 
increases accuracy by 33% and provides 93.3% success 
[32, 33]. Colorimetric differences can be routinely defined 
as perceptible and acceptable [22]. In different studies, the 
perceptible color difference threshold ranges from 1.0 to 3.7, 
and the acceptable color difference threshold ranges from 
1.7 to 6.8 [34–38]. Recently, Paravina et al. declared new 

thresholds for perceptibility and acceptability [39]. However, 
there is still no consensus regarding the optimal thresholds 
[23].

The color masking capability of different types of CRPs 
has not been studied to the same extent as the masking abil-
ity of indirect restorations fabricated with preceding restora-
tive materials, despite its importance for expectancy of the 
life-like appearance of prosthetic restorations. Therefore, it 
was aimed to analyze the effect of restorative material type, 
restorative material thickness, and luting cement shade on 
the resultant color of 4 different CAD/CAM materials. The 
null hypothesis tested was that the target shade would not be 
altered by any of the abovementioned variables.

Materials and methods

The schematic setup is depicted in Fig. 1. For this experi-
ment, 120 rectangular-shaped specimens (12 × 14 mm) were 
cut into 2 thicknesses (0.5 mm and 1.0 mm) by using a low-
speed cutting device (Isomet 1000, Buehler, USA) from 4 
different prefabricated CAD/CAM blocks including Vita 
Enamic (VE/2M2 shade—translucent polymer-infiltrated 
ceramic network, Vita Zahnfabrik, Bad Säckingen, Ger-
many), Lava Ultimate (LU/A2 shade—low translucent resin 
nanoceramic, 3 M ESPE, St.Paul, MN, USA), GC Cerasmart 
(GC/A2 shade—low translucent flexible nanoparticle-filled 
resin, GC Dental Products Corp., Aichi, Japan), and Vita 
Mark II (VMII/A2 shade—low translucent glass ceramic, 
VITA Zahnfabrik, Bad Säckingen, Germany).

The veneer surfaces of all specimens were then ground 
with wet silicon carbide papers (600-, 800-, 1200-, and 
2000-grit SiC papers, Siawat WA, Switzerland) by using 
a grinding machine (Gripo 2 V, Metkon Instruments Ltd, 
Bursa, Turkey) at 100 rpm/min for 15 s to achieve a uni-
formly finished surface, followed by polishing using disc 
(Diapol Twist, EVE Ernst Vetter Gmbh, Germany) and 
paste (Diamond Twist SCO, Premier Dental Gmbh, USA) 
with the aid of an electric handpiece at 10,000 rpm for 20 s. 
The intaglio surfaces of all specimens were subjected to 

Fig. 1  Schematic setup of study
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grinding with 600-grit wet silicon carbide paper. The final 
thicknesses of the specimens were adjusted to 0.5 ± 0.1 mm 
and 1.0 ± 0.1 mm. A digital micrometer (Digimatic Caliper, 
Mitutoyo Corp., Japan) with an accuracy of ± 0.01 mm was 
used for controlling thickness. Subsequently, all specimens 
were ultrasonically cleaned in distilled water for 10 min 
(Biosonic Ultrasonic Cleaner UC1–110, Coltene Whaledent, 
Altstätten, Switzerland) and dried.

Sixty luting cement (G-CEM LinkForce, GC Corp., 
Tokyo, Japan) specimens were prepared in shades of uni-
versal (A2), opaque (OP), and translucent (TR) by syring-
ing dual-polymerized resin cement into rectangular-shaped 
voids (12 × 14 × 0.2 mm) of a hard plastic plate on a cover 
glass. Statically, 0.75 kgf load was subsequently applied by 
covering over the specimens with a glass plate. After waiting 
2 min for chemical curing, specimens were photo-activated 
for 40 s with the aid of a halogen light source (Hilux Dental 
Curing Unit, Ultra Plus, Ankara, Turkey) and then immersed 
in distilled water at 37 ± 1 ºC for 24 h for complete polymeri-
zation. Dentin shade (A3.5) (L* = 71.2, a* = -1.7, b* = 22.1, 
Cab* = 22.17, and hab

* = 94.40) [40] restorative composite 
foundations (12 × 14 × 4 mm) were incrementally fabricated 
in a silicon mold by using a dual-polymerized composite 
resin (Clearfil DC Core Plus, Kuraray, New York, USA) and 
served as dentin substrate. Foundations were then ground 
finished with 600- and 1000-grit wet silicon carbide paper. 
Each of the samples (n = 15) was optically coupled with each 
shade cement (n = 15), respectively. This assembling pro-
cedure of CRP with RC and composite foundations were 
performed by using a drop of optical gel (Cargille optical 
gel, Cargille Lab, Cedar Grove, NJ, USA).

The color coordinates (L*, a*, b*, Cab
*, and hab

*) [40] were 
recorded in a viewing booth with the aid of a digital spectro-
photometer (VITA Easyshade Compact, VITA Zahnfabrik, 
Bad Säckingen, Germany) in a tooth single mode according 
to CIE D65 illuminant and CIE 2° Standard Observer [40]. 
The calibration of the device was done with its in-built appa-
ratus before experimental measurements were made. During 
all measurements, the spectrophotometer measuring tip was 
positioned in the middle of each specimen with full contact.

For the control group, the A2 shade tab of the Vitapan 
classical shade guide was used. Color readings of the target 
shade tab were conducted three times on the neutral gray 
background. The means for control group coordinates (L0

*, 
a0

*, b0
*, Cab0

*, hab0
*) were recorded as L* = 80.5, a* = 0.60, 

b* = 22.4, Cab
* = 22.41, and hab

* = 88.47. Different assem-
blies (any of restorative material options + optical gel + any 
of cement options + optical gel + foundation) were formed. 
For each assembly in test groups, L1

*, a1
*, b1

*, Cab1
*, and 

hab1
* coordinates were generated by using the same measure-

ment manner. Lately introduced CIEDE2000 (ΔE00) formula 
was preferred for the quantitative representation of color 
differences among control group coordinates (L0

*, a0
*, b0

*, 

Cab0
*, and hab0

*) and test group coordinates (L1
*, a1

*, b1
*, 

Cab1
*, and hab1

*) on the neutral gray background [40]:

where ΔL′, ΔC′, and ΔH′ represent the differences in light-
ness, chroma, and hue between two sets of color coordinates, 
respectively; RT represents the rotation function for the inter-
action between chroma and hue in the blue region;  SL, SC, 
and  SH represent the weighting functions, and  kL,  kC, and  kH, 
named as parametric factors, represent correction terms for 
experimental conditions. In this study, the aforementioned 
parametric factors were set to 1. Thresholds considered for 
perceptible and acceptable color differences were ΔE00 > 0.8 
and ΔE00 > 1.8, respectively [39]. The supposition of data 
normality was confirmed with the aid of the Shapiro–Wilk 
Test (P > 0.05). In the statistical investigation of main effects 
(restorative material, thickness, and cement shade) and their 
interaction terms, analysis of generalized linear models was 
used. For multiple comparisons, Bonferroni correction was 
conducted. For quantitative data, the results were presented 
as mean values with standard deviations. The differences 
between the color coordinates (L*, a*, b*, Cab

*, and hab
*) of 

the test groups were also compared with those of A2 shade 
tab with the aid of independent t-test. Statistical analyses 
were performed with a package (IBM SPSS Statistics v23, 
IBM Corp., Chicago, USA) (α = 0.05).

Results

The mean values of L*, a*, b*, Cab
*, and hab

* of the specimens 
are shown in Table 1. According to the results of analysis of 
general linear models, ΔE00 values were significantly influ-
enced by the main effects (ceramic thickness, luting cement 
shade, and ceramic type), as well as the interaction terms of 
the three variables (P ≤ 0.001) (Table 2). Descriptive statis-
tics and multiple comparisons in terms of mean ΔE00 values 
are shown in Table 3 and in Fig. 2.

The mean ΔE00 values for VE (highest), GC (lowest), 
LU, and VMII are 5.26 ± 1.06, 3.7 ± 1.38, 4.06 ± 1.36, and 
4.66 ± 0.72, respectively. A statistically significant differ-
ence was detected among the mean ΔE00 values of the tested 
restorative materials (P ≤ 0.001) (Table 3). The mean ΔE00 
values of those with a material thickness of 0.5 mm and 
those with a material thickness of 1.0 mm were 5.16 ± 1.03 
and 3.67 ± 1.1, respectively. This difference was accepted as 
statistically significant (P ≤ 0.001). The mean ΔE00 values 
for A2, OP (lowest), and TR (highest) shades are 4.8 ± 1.17, 
3.42 ± 1.16, and 5.04 ± 0.92, respectively. A statistically 
significant difference was detected among the mean ΔE00 
values of aforementioned shades (P ≤ 0.001).
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Table 1  Color coordinates with ∆ values (Target A2 shade tab: L* = 80.5, a* = 0.60, b* = 22.4, Cab
* = 22.41, and Hab

* = 88.47)

VE vita enamic, LU lava ultimate, GC GC ceresmart, VMII vita mark II, A2 A2 shade, TR translucent, OP opaque
*  shows the statistical significance between the color coordinate value of the intended A2 shade tab and corresponding coordinate in the test 
group

Thickness Resin 
matrix 
ceramic

Cement shade Color coordinates

L* a* b* Cab
* Hab

*

0.5 mm VE A2 70.89 ± 0.48* 
(ΔL = − 9.61)

1.36 ± 0.07* 
(Δa = 0.76)

24.03 ± 0.29* 
(Δb = 1.63)

24.08 ± 0.28* 
(ΔC = 1.67)

86.75 ± 0.20* 
(Δh = − 1.72)

TR 72.22 ± 0.55* 
(ΔL = − 8.28)

0.49 ± 0.09 
(Δa = -0.11)

22.08 ± 0.33 
(Δb = − 0.32)

22.09 ± 0.33 
(ΔC = − 0.32)

88.73 ± 0.25 
(Δh = 0.26)

OP 74.23 ± 0.44* 
(ΔL = − 6.27)

1.72 ± 0.08* 
(Δa = 1.12)

25.34 ± 0.29* 
(Δb = 2.94)

25.40 ± 0.29* 
(ΔC = 2.99)

86.12 ± 0.17* 
(Δh = − 2.35)

LU A2 73.44 ± 0.63* 
(ΔL = − 7.06)

− 1.24 ± 0.09* 
(Δa = − 1.84)

21.21 ± 0.44* 
(Δb = − 1.19)

21.24 ± 0.44* 
(ΔC = − 1.17)

93.35 ± 0.29* 
(Δh = 4.88)

TR 74.08 ± 0.67* 
(ΔL = − 6.42)

− 1.89 ± 0.14* 
(Δa = − 2.49)

18.83 ± 0.30* 
(Δb = − 3.57)

18.93 ± 0.29* 
(ΔC = − 3.48)

95.74 ± 0.43* 
(Δh = 7.27)

OP 75.54 ± 0.67* 
(ΔL = − 4.96)

− 0.98 ± 0.12* 
(Δa = − 1.58)

21.69 ± 0.30* 
(Δb = − 0.71)

21.71 ± 0.29* 
(ΔC = − 0.7)

92.58 ± 0.34* 
(Δh = 4.11)

GC A2 74.18 ± 0.49 * 
(ΔL = − 6.32)

− 1.44 ± 0.08* 
(Δa = − 2.04)

20.68 ± 0.25* 
(Δb = − 1.72)

20.73 ± 0.25* 
(ΔC = − 1.68)

94.00 ± 0.24* 
(Δh = 5.53)

TR 74.48 ± 0.72* 
(ΔL = − 6.02)

− 2.03 ± 0.18* 
(Δa = − 2.63)

18.41 ± 0.29* 
(Δb = − 3.99)

18.52 ± 0.28* 
(ΔC = − 3.89)

96.29 ± 0.61* 
(Δh = 7.82)

OP 76.45 ± 0.75* 
(ΔL = − 4.05)

− 1.02 ± 0.18* 
(Δa = − 1.62)

20.67 ± 0.14* 
(Δb = − 1.73)

20.69 ± 0.14* 
(ΔC = − 1.72)

92.83 ± 0.50* 
(Δh = 4.36)

VMII A2 75.97 ± 0.38* 
(ΔL = − 4.53)

− 1.10 ± 0.19* 
(Δa = − 1.7)

16.56 ± 0.24* 
(Δb = − 5.84)

16.59 ± 0.24* 
(ΔC = − 5.82)

93.79 ± 0.65* 
(Δh = 5.32)

TR 76.82 ± 0.50* 
(ΔL = − 3.68)

− 1.67 ± 0.11* 
(Δa = − 2.27)

14.23 ± 0.23* 
(Δb = − 8.17)

14.33 ± 0.22* 
(ΔC = − 8.08)

96.71 ± 0.48* 
(Δh = 8.24)

OP 77.07 ± 0.85* 
(ΔL = − 3.43)

− 0.56 ± 0.06* 
(Δa = − 1.16)

16.18 ± 0.13* 
(Δb = − 6.22)

16.19 ± 0.13* 
(ΔC = − 6.22)

91.97 ± 0.24* 
(Δh = 3.5)

1.0 mm VE A2 74.73 ± 0.37* 
(ΔL = − 5.77)

2.44 ± 0.06* 
(Δa = 1.84)

26.90 ± 0.37* 
(Δb = 4.5)

27.01 ± 0.36* 
(ΔC = 4.6)

84.82 ± 0.15 * 
(Δh = − 3.65)

TR 74.30 ± 0.55 * 
(ΔL = − 6.2)

2.09 ± 0.11* 
(Δa = 1.49)

26.21 ± 0.39* 
(Δb = 3.81)

26.29 ± 0.39* 
(ΔC = 3.88)

85.45 ± 0.21* 
(Δh = − 3.02)

OP 77.99 ± 0.52* 
(ΔL = − 2.51)

2.98 ± 0.12* 
(Δa = 2.38)

28.58 ± 0.45* 
(Δb = 6.18)

28.74 ± 0.46* 
(ΔC = 6.33)

84.04 ± 0.20* 
(Δh = − 4.43)

LU A2 76.28 ± 0.57* 
(ΔL = − 4.22)

− 1,12 ± 0.13* 
(Δa = − 1.72)

21.20 ± 0.25* 
(Δb = − 1.2)

21.23 ± 0.25* 
(ΔC = − 1.18)

93.02 ± 0.35* 
(Δh = 4.55)

TR 75.88 ± 0.48* 
(ΔL = − 4.62)

− 1,64 ± 0. 09* 
(Δa = − 2.24)

20.52 ± 0.25* 
(Δb = − 1.88)

20.59 ± 0.25* 
(ΔC = − 1.82)

94.57 ± 0.24* 
(Δh = 6.1)

OP 79.74 ± 0.46 
(ΔL = − 0.76)

− 0.99 ± 0.07* 
(Δa = − 1.59)

22.71 ± 0.19 
(Δb = 0.31)

22.73 ± 0.19 
(ΔC = 0.32)

92.49 ± 0.17* 
(Δh = 4.02)

GC A2 76.74 ± 0.42* 
(ΔL = − 3.76)

− 1.02 ± 0.14* 
(Δa = − 1.62)

20.79 ± 0.14* 
(Δb = − 1.61)

20.81 ± 0.14* 
(ΔC = − 1.6)

92.81 ± 0.38* 
(Δh = 4.34)

TR 77.29 ± 0.39* 
(ΔL = − 3.21)

− 1.43 ± 0.17* 
(Δa = − 2.03)

19.94 ± 0.16* 
(Δb = − 2.46)

19.99 ± 0.17 * 
(ΔC = − 2.42)

94.10 ± 0.49* 
(Δh = 5.63)

OP 80.84 ± 0.50 
(ΔL = 0.34)

− 0.78 ± 0.10* 
(Δa = − 1.38)

22.09 ± 0.17 
(Δb = − 0.31)

22.10 ± 0.17 
(ΔC = − 0.31)

92.02 ± 0.27* 
(Δh = 3.55)

VMII A2 79.22 ± 0.64* 
(ΔL = − 1.28)

− 0.66 ± 0.16* 
(Δa = − 1.26)

15.30 ± 0.20* 
(Δb = − 7.1)

15.31 ± 0.20* 
(ΔC = − 7.1)

92.47 ± 0.61* 
(Δh = 4)

TR 78.94 ± 0.63* 
(ΔL = − 1.56)

− 0.86 ± 0.12* 
(Δa = − 1.46)

14.53 ± 0.35* 
(Δb = − 7.87)

14.56 ± 0.35* 
(ΔC = − 7.85)

93.38 ± 0.48* 
(Δh = 4.91)

OP 82.77 ± 0.71* 
(ΔL = 2.27)

− 0.48 ± 0.13* 
(Δa = − 1.08)

16.39 ± 0.20* 
(Δb = − 6.01)

16.40 ± 0.20* 
(ΔC = − 6.01)

91.69 ± 0.46* 
(Δh = 3.22)
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Considering restorative material and thickness interac-
tion, the highest and lowest mean ΔE00 values were obtained 
at 0.5 mm-thick VE (5.94 ± 1.01) and 1.0 mm-thick GC 
(2.69 ± 0.9), respectively. Except for the difference between 
the mean ΔE00 values of 0.5 mm-LU and 0.5 mm-VMII 
(P = 1.000), the comparisons among restorative materials of 
each thickness group were detected as statistically significant 
(P ˂ 0.05). The comparisons between two thickness groups 
of each restorative material were also detected as statistically 
significant (P ˂ 0.05).

Considering restorative material and cement shade inter-
action, the highest mean ΔE00 value was obtained at A2 
shade VE (5.98 ± 1.15), while the lowest mean ΔE00 value 
was achieved at OP shade GC (2.45 ± 1.07). Except for the 
difference between the mean ΔE00 values of LU and VMII 
on A2 shade (P = 1000) and the difference between the mean 
ΔE00 values of VE and VMII on TR shade (P = 1000), the 
comparisons among restorative materials of each cement 
shade group were detected as statistically significant (P ˂ 

0.05). The comparisons between cement shade groups of 
each restorative material group were also detected as statisti-
cally significant (P ˂ 0.05).

Considering thickness and cement shade interaction, the 
highest mean ΔE00 value was achieved in the 0.5 mm-TR 
group (5.77 ± 0.4), while the lowest mean ΔE00 value was 
obtained in the 1.0 mm-OP group (2.74 ± 1.18). For each 
cement shade group, the differences between the thickness 
groups were statistically significant (P ˂0.05). For each 
thickness group, the differences among cement shade groups 
were statistically significant (P ˂ 0.05), except for the differ-
ence between A2 and TR cement shades in 0.5 mm thickness 
(P = 0.166).

Considering restorative material, cement shade, and thick-
ness interaction, the highest and lowest mean ΔE00 values 
were noted at 0.5 mm-thick VE on A2 shade (7.07 ± 0.42) 
and 1.0 mm-thick GC on OP shade (1.46 ± 0.16), respec-
tively. When the mean ΔE00 values of different restora-
tive materials in the same cement shade group were 

Table 2  Influence of restorative 
material, thickness, cement-
shade variables and their 
interactions on the ΔE00 values

df degrees of freedom
*  Wald Chi-square test

Test statistics df P*

Restorative material 1297.217 3  < 0.001
Thickness 2017.548 1  < 0.001
Cement-shade 1866.928 2  < 0.001
Restorative material * thickness 231.803 3  < 0.001
Restorative material * cement-shade 271.488 6  < 0.001
Thickness * cement-shade 13.956 2 0.001
Restorative material * thickness * cement-shade 106.714 6  < 0.001

Table 3  Descriptive statistics 
and multiple comparisons in 
terms of ΔE00 values

a-d: there is no difference between groups with the same superscripted letter, A-I: There is no difference 
between interactions with the same superscripted letter
VE vita enamic, LU lava ultimate, GC GC ceresmart, VMII vita mark II, A2 A2 shade, TR translucent, OP 
opaque

Cement
Shade

Thickness Restorative material

VE GC LU VMII Total

A2 0.5 mm 7,07 ± 0,42I 5,06 ± 0,32AH 5,44 ± 0,42FH 4,92 ± 0,58A 5,62 ± 0,96D

1.0 mm 4,9 ± 0,21A 3,24 ± 0,24G 3,53 ± 0,3EG 4,23 ± 0,14B 3,97 ± 0,68C

Total 5,98 ± 1,15H 4,15 ± 0,96BG 4,48 ± 1,03C 4,57 ± 0,54C 4,8 ± 1,17a

OP 0.5 mm 4,79 ± 0,31A 3,44 ± 0,48G 3,89 ± 0,43BE 4,24 ± 0,34B 4,09 ± 0,63C

1.0 mm 3,9 ± 0,16BE 1,46 ± 0,16D 1,71 ± 0,08D 3,88 ± 0,24BE 2,74 ± 1,18B

Total 4,35 ± 0,51GC 2,45 ± 1,07F 2,8 ± 1,15E 4,06 ± 0,34B 3,42 ± 1,16b

TR 0.5 mm 5,97 ± 0,42C 5,59 ± 0,42FC 5,64 ± 0,43CF 5,88 ± 0,19C 5,77 ± 0,4D

1.0 mm 4,95 ± 0,34A 3,37 ± 0,18G 4,14 ± 0,26B 4,78 ± 0,14A 4,31 ± 0,67A

Total 5,46 ± 0,64A 4,48 ± 1,17C 4,89 ± 0,84D 5,33 ± 0,58A 5,04 ± 0,92c

Total 0.5 mm 5,94 ± 1,01F 4,7 ± 1,01E 4,99 ± 0,89B 5,01 ± 0,78B 5,16 ± 1,03
1.0 mm 4,58 ± 0,54E 2,69 ± 0,9D 3,13 ± 1,07C 4,3 ± 0,41A 3,67 ± 1,1
Total 5,26 ± 1,06a 3,7 ± 1,38b 4,06 ± 1,36c 4,66 ± 0,72d 4,42 ± 1,3
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compared, only the differences between A2-0.5 mm-GC 
and A2-0.5 mm-LU, A2-0.5 mm-GC and A2-0.5 mm-VMII, 
A2-1.0 mm-GC and A2-1.0 mm-LU, OP-0.5 mm-LU and 
OP-0.5 mm-VMII, and OP-1.0 mm-GC and OP-1.0 mm-LU 
were noted as statistically insignificant (P ˃ 0.05). Moreo-
ver, in TR shade, no statistically significant difference was 
detected among 0.5 mm-thick restorative materials (P ˃ 
0.05), while only the differences between 1.0 mm-VE and 
1.0 mm-VMII were statistically insignificant (P ˃ 0.05). All 
other comparisons of mean ΔE00 values of different restora-
tive materials in the same cement shade group were statisti-
cally significant (P < 0.05). For each cement shade, the dif-
ferences between mean ∆E00 values of restorative materials 
of 0.5 mm and 1.0 mm thickness were statistically significant 
(P ˂ 0.05), except for VMII on OP shade (P = 0.466). When 
the mean ΔE00 values of different cement shades in the same 
restorative material group were compared, the differences 
between A2 and TR shades for 1 mm-VE, 1 mm-GC, and 
0.5 mm-LU were not statistically significant (P = 1.000). The 
difference between A2 and OP shades for 1 mm-VMII was 
also statistically insignificant (P = 0.803). All other compari-
sons of the mean ΔE00 values of different cement shades in 
the same restorative material group were statistically sig-
nificant (P < 0.05).

Color differences in groups 1.0 mm-OP-LU and 1.0 mm-
OP-GC indicated perceptible but clinically acceptable values 
(0.8˂ΔE00 ≤ 1.8). The rest of ΔE00 units were found to be 
above the threshold of clinical acceptability. The highest 
and lowest ΔE00 units for 0.5 mm-thick specimens were 
observed in the A2-VE group (7.07 ± 0.42) and OP-GC 

group (3.44 ± 0.48), respectively. On the other hand, the 
highest and lowest ΔE00 units for 1-mm-thick specimens 
were detected in the TR-VE group (4.95 ± 0.34) and OP-GC 
group (1.46 ± 0.16), respectively. Statistically significant dif-
ferences were found among the resultant color coordinates 
and target shade tab coordinates (P ˂ 0.05).

Discussion

Based on the results of the present study, the resultant colors 
of tested assemblies were significantly different from the 
target shade tab due to the influence of luting cement shade, 
restorative material type, and thickness. Moreover, statisti-
cally significant differences were found among test groups. 
Therefore, the null hypothesis was rejected.

Traditionally, color coordinates (L* defines lightness, a* 
denotes the red or green chroma, b* denotes the yellow or 
blue chroma) of an object are recorded to locate its color 
within the CIELab color space [16, 22, 27, 41]. Lightness 
(value) is the luminous intensity of the color and the human 
eye is more sensitive to the alterations in this property [27]. 
It is often referred to as "perceived reflectance” or more 
precisely “perceived diffuse luminous reflectance” [42, 43]. 
The L* value can be related to the thickness and chemical 
composition of restorative material, and the opacity of the 
underlying tissues. With regard to all-ceramic systems, 
increasing the thickness of specimens increases the absorp-
tion of the incident light and thereby decreases L* value [2, 
21]. This was reinforced with Lambert’s law highlighting 

Fig. 2  Mean color difference (ΔE00) values with confidence intervals, acceptability threshold (AT), and perceptibility threshold (PT)
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that decreasing the thickness of material permits a greater 
amount of light transmission due to reduced absorption 
[44]. However, Kim et al. [6] stated that decreasing thick-
ness reduces L* value. This is in accordance with the results 
of the current study as higher L* values were detected in a 
1.0 mm-thick group. Chroma (Cab

*) is defined as the per-
ceived amount of difference from a gray of the same value 
[42, 43]. It is calculated by using (a2 + b2)1/2 function. From 
this point of view, it can be stated that alterations in either 
a* or b* values lead to shifting in chroma of an object. A 
study proved that b* value is more sensitive to the change 
of thickness than a* value [20]. This provides consistency 
with the present study. Moreover, in our study, a* and b* val-
ues increase as the restorative material thickness increases. 
This is also in accordance with other studies [45, 46]. How-
ever, Kim et al. [6] declared that a* value increased, while 
b* value generally decreased with decreasing thickness. In 
accordance with the results of this study, this is partially 
acceptable as b* values decreased with decreasing thick-
ness. Turgut et al. [2] reported that thinner ceramics exhibit 
lower value and chroma. This provides consistency with our 
study. Hereby, it can be highlighted that decreasing thickness 
leads to reduced lightness and a greenish-bluish appearance. 
Moreover, in this study, the lowest chroma was recorded in 
a 0.5 mm-thick VMII group cemented with TR shade luting 
cement.

Apart from these, to simulate laminate veneer restora-
tion, 0.5- and 1.0 mm-thick samples were prepared [13]. 
However, none of the restorative material specimens in the 
0.5 mm-thick group matched the A2 target shade tab. A 
possible explanation for the great mismatch between them 
may be the luting cement shade and foundation shade, which 
were darker than the values of the target shade tab.

To the best knowledge of authors, the influence of cement 
shade and restorative material type on color coordinates is 
not well discussed. Even so, their influences may be corre-
lated with the opacity level. It is well documented that less 
light reflects from an opaque underlying structure. This con-
tributes to a decrease in L* value and an increase in a* and b* 
values [6]. This provides consistency with our results. In this 
study, the highest ΔL values belong to the VMII group and 
the lowest ΔL values belong to the Vita Enamic group. This 
can be attributed to the differences in chemical compositions 
of the aforementioned restorative materials that can lead to 
alterations in color coordinates.

For indirect esthetic restorations, resin types of cement 
are favorable with respect to their high bond strength, resist-
ance to wear, and low solubility with oral fluids. The color 
matching procedure is complicated as their different shades 
are in use [17, 18]. Moreover, dual-polymerized resin types 
of cement include benzoyl peroxide (BP) and aromatic ter-
tiary amines (ATA) as polymerization initiators [29, 47]. 
The oxidation of the tertiary aromatic amines results in 

amine coloring [29]. Camphorquinone, a commonly used 
photo-initiator, is more stable than BP and ATA and exhib-
its a dense yellow color that remains yellow after insuffi-
cient photo-curing [47]. They can become influential on b* 
coordinates and increase the tendency to shift yellowness 
[48]. Although manufacturers do not declare all the chemi-
cal components in their products, the reason why b* is more 
sensitive in both groups may be attributed to photoinitiators. 
Chen et al. [16] found that translucent shade of resin cement 
slightly increases the brightness and reduces the chroma of 
ceramic. Moreover, they declared that the use of opaque 
cement leads to an increase in brightness and a decrease in 
the chroma. These results partially provide consistency with 
those of the present study.

It is well known that ceramic thickness has a primary 
effect on light transmittance [2, 6, 15]. Light transmit-
tance and therefore translucency decrease with increasing 
thickness. Thus, the effect of the color properties of the 
underlying structures on the resulting color is reduced [15]. 
However, as the light transmittance increases in thin resto-
rations, the color properties of the underlying tissues can-
not be suppressed and have a dramatic effect on the result-
ing color [13]. In accordance with this, the 0.5 mm-thick 
group showed much higher ΔE00 values than the 1-mm-
thick group. In contrast to Turgut et al. [2], this is consist-
ent with other studies in the literature. Regardless of the 
luting cement shade and restorative material thickness, VE 
indicated the highest ΔE00 values. VE is a polymer-infil-
trated ceramic network that consists of feldspar ceramic and 
methacrylate polymer. The ceramic network contains a great 
number of metal oxides, such as an aluminum oxide  (Al2O3), 
zirconium oxide  (ZrO2), and titanium oxide  (TiO2) [4, 5]. 
These oxides may act as scattering centers and reduce light 
transmission of the ceramic. Moreover, large mismatches 
of the refractive index between the matrix and the filler 
increase the tendency of the material to be opaquer [49]. 
Therefore, these may become influential on the L* value. 
This supposition was reinforced with the results of this 
study as the L* value was greatly affected among other color 
coordinates. Regardless of the restorative material type and 
thickness, the use of an opaque luting cement on the den-
tin background leads to the lowest ΔE00 values. Therefore, 
opaque cement on dentin background can be safely used 
for tested restorative materials. Different refractive index 
and light transmittance due to the different chemical com-
position might explain the color difference values among 
different shades of the same cement [17, 18]. Regardless of 
the luting cement shade and restorative material thickness, 
GC exhibited the lowest ΔE00 values. GC is a flexible nano-
ceramic including alumina-barium-silicate particles embed-
ded in the polymer network. It permits high light transmis-
sion due to the absence of opacifying agents [4, 5]. This can 
be explained by the fact that there is a minimal difference 
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between the color coordinates of the GC group and the A2 
shade tab. The color differences between the target A2 shade 
tab and assemblies were between 1.46 and 7.07 ΔE00 units. 
In terms of resultant colors of generated assemblies, GC 
with 1 mm thickness on opaque cement, as well as LU with 
1 mm thickness on opaque cement (0.8 ≤ ΔE00 ≤ 1.8), can 
be strongly recommended as resultant color can correspond 
to the A2 target shade tab. Moreover, clinicians should be 
careful when selecting all other combinations, especially 
the combination of 0.5 mm-thick VE with A2 shade resin 
cement.

In the current study, the thresholds recommended by Par-
avina et al. [39] were preferred. According to these thresh-
olds, all ΔE00 values except for 1 mm-LU-OP and 1 mm-
GC-OP assemblies are clinically unacceptable.

CIELab is a poor color space in terms of perceptual uni-
formity [50]. Therefore, a revised formula (CIEDE2000) 
with weighing functions, hue rotation term, and parametric 
constants was introduced for ΔE calculation and thereby pre-
ferred in this study [22–24, 50]. Parametric constants can 
be defined as either 1:1:1 or 2:1:1 system. Despite recent 
studies using 2:1:1 system, where the KL value was taken as 
2 to better determine the acceptable threshold value obtained 
by the eye [51], 1:1:1 system is generally preferred in other 
studies [18, 19, 22–24, 28], as in this one.

The present study has several limitations. The underlying 
foundation was fabricated from composite material. How-
ever, the optical properties of natural teeth tissues may differ 
from those of the composites. Only one shade of the under-
lying composite foundation was used. Additionally, only 
one shade and translucency of restorative materials were 
preferred. However, different shades and translucencies of 
materials may present different results. The TP values of 
tested restorative material groups were not calculated. New 
auto-polymerized luting cement containing a redox initiator 
was not used. Polychromatic multi blocks were not included. 
Further studies are recommended.

Conclusion

Within the limitations of the study, the following conclu-
sions were drawn:

1. Regardless of thickness, all restorative materials on 
opaque cement exhibited lower ΔE00 values.
2. Increasing restorative material thickness decreases 
ΔE00 values.
3. In none of the tested 0.5 mm-thick specimens, the color 
matching of restorative materials to the intended shade 
tab was not achieved.
4. One-mm-thick GC Cerasmart cemented on opaque 
cement (ΔE00 = 1.46) and 1-mm-thick Lava Ultimate 

cemented on opaque cement (ΔE00 = 1.71) can be strongly 
recommended for dentin shade foundation as the resultant 
color can better correspond with the A2 target shade tab.

Acknowledgements There is nothing to disclose.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Human and animal rights This article does not contain any studies 
with human participants or animals performed by any of the authors.

Informed consent For this comparative in vitro study, formal consent 
is not required.

References

 1. Cekic-Nagas I, Ergun G, Egilmez F, Vallittu PK, Lassila LV. 
Micro-shear bond strength of different resin cements to ceramic/
glass-polymer CAD-CAM block materials. J Prosthodont Res. 
2016;60(4):265–73. https ://doi.org/10.1016/j.jpor.2016.02.003.

 2. Turgut S, Bagis B, Ayaz EA. Achieving the desired colour in 
discoloured teeth, using leucite-based CAD-CAM laminate sys-
tems. J Dent. 2014;42(1):68–74. https ://doi.org/10.1016/j.jdent 
.2013.10.018.

 3. Jirajariyavej B, Wanapirom P, Anunmana C. Influence of implant 
abutment material and ceramic thickness on optical properties. 
J Prosthet Dent. 2018;119(5):819–25. https ://doi.org/10.1016/j.
prosd ent.2017.05.015.

 4. Bajraktarova-Valjakova E, Korunoska-Stevkovska V, Kapusevska 
B, Gigovski N, Bajraktarova-Misevska C, Grozdanov A. Con-
temporary dental ceramic materials, a review: chemical compo-
sition, physical and mechanical properties, indications for use. 
Open Access Maced J Med Sci. 2018;6(9):1742–55. https ://doi.
org/10.3889/oamjm s.2018.378.

 5. Duarte S, Sartori N, Phark JH. Ceramic-reinforced polymers: 
CAD/CAM hybrid restorative materials. Curr Oral Health. 
2016;3:198–202. https ://doi.org/10.1007/s4049 6-016-0102-2.

 6. Kim HK, Kim SH, Lee JB, Han JS, Yeo IS, Ha SR. Effect of the 
amount of thickness reduction on color and translucency of dental 
monolithic zirconia ceramics. J Adv Prosthodont. 2016;8(1):37–
42. https ://doi.org/10.4047/jap.2016.8.1.37.

 7. Kassem AS, Atta O, El-Mowafy O. Fatigue resistance and micro-
leakage of CAD/CAM ceramic and composite molar crowns. J 
Prosthodont. 2012;21(1):28–322. https ://doi.org/10.1111/j.1532-
849X.2011.00773 .x.

 8. Magne P, Schlichting LH, Paranhos MP. Risk of onlay fracture 
during pre-cementation functional occlusal tapping. Dent Mater. 
2011;27(9):942–7. https ://doi.org/10.1016/j.denta l.2011.05.011.

 9. Badawy R, El-Mowafy O, Tam LE. Fracture toughness of chair-
side CAD/CAM materials-alternative loading approach for com-
pact tension test. Dent Mater. 2016;32(7):847–52. https ://doi.
org/10.1016/j.denta l.2016.03.003.

 10. Alp G, Subaşı 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;120:454–
61. https ://doi.org/10.1016/j.prosd ent.2017.12.016.

https://doi.org/10.1016/j.jpor.2016.02.003
https://doi.org/10.1016/j.jdent.2013.10.018
https://doi.org/10.1016/j.jdent.2013.10.018
https://doi.org/10.1016/j.prosdent.2017.05.015
https://doi.org/10.1016/j.prosdent.2017.05.015
https://doi.org/10.3889/oamjms.2018.378
https://doi.org/10.3889/oamjms.2018.378
https://doi.org/10.1007/s40496-016-0102-2
https://doi.org/10.4047/jap.2016.8.1.37
https://doi.org/10.1111/j.1532-849X.2011.00773.x
https://doi.org/10.1111/j.1532-849X.2011.00773.x
https://doi.org/10.1016/j.dental.2011.05.011
https://doi.org/10.1016/j.dental.2016.03.003
https://doi.org/10.1016/j.dental.2016.03.003
https://doi.org/10.1016/j.prosdent.2017.12.016


401Odontology (2021) 109:393–402 

1 3

 11. Aboushelib MN, Elsafi MH. Survival of resin infiltrated ceramics 
under influence of fatigue. Dent Mater. 2016;32(4):529–34. https 
://doi.org/10.1016/j.denta l.2015.12.001.

 12. Li Q. Effects of luting composites on the resultant colors 
of ceramic veneers to intended shade tab. J Prosthodont. 
2019;28:327–31. https ://doi.org/10.1111/jopr.12585 .

 13. Igiel C, Weyhrauch M, Mayer B, Scheller H, Lehmann KM. 
Effects of ceramic layer thickness, cement color, and abutment 
tooth color on color reproduction of feldspathic veneers. Int J 
Esthet Dent. 2018;13:110–9.

 14. Edelhoff D, Sorensen JA. Tooth structure removal associated with 
various preparation designs for anterior teeth. J Prosthet Dent. 
2002;87:503–9. https ://doi.org/10.1067/mpr.2002.12409 4.

 15. Begum Z, Chheda P, Shruthi CS, Sonika R. Effect of ceramic 
thickness and luting agent shade on the color masking ability of 
laminate veneers. J Indian Prosthodont Soc. 2014;14:46–50. https 
://doi.org/10.1007/s1319 1-014-0362-2.

 16. Chen XD, Hong G, Xing WZ, Wang YN. The influence of resin 
cements on the final color of ceramic veneers. J Prosthodont Res. 
2015;59(3):172–7. https ://doi.org/10.1016/j.jpor.2015.03.001.

 17. Giti R, Barfei A, Mohaghegh M. The influence of different shades 
and brands of resin-based luting agents on the final color of leu-
cite-reinforced veneering ceramic. Saudi Dent J. 2019;31:284–9. 
https ://doi.org/10.1016/j.sdent j.2019.02.045.

 18. Dede DÖ, Ceylan G, Yilmaz B. Effect of brand and shade of 
resin cements on the final color of lithium disilicate ceramic. J 
Prosthet Dent. 2017;117:539–44. https ://doi.org/10.1016/j.prosd 
ent.2016.07.014.

 19. Dede DÖ, Sahin O, Özdemir OS, Yilmaz B, Çelik E, Köroğlu A. 
Influence of the color of composite resin foundation and luting 
cement on the final color of lithium disilicate ceramic systems. J 
Prosthet Dent. 2017;117:138–43. https ://doi.org/10.1016/j.prosd 
ent.2016.05.016.

 20. Dozić A, Kleverlaan CJ, Meegdes M, van der Zel J, Feilzer AJ. 
The influence of porcelain layer thickness on the final shade of 
ceramic restorations. J Prosthet Dent. 2003;90:563–70. https ://doi.
org/10.1016/s0022 -3913(03)00517 -1.

 21. Pires LA, Novais PM, Araújo VD, Pegoraro LF. Effects of the 
type and thickness of ceramic, substrate, and cement on the 
optical color of a lithium disilicate ceramic. J Prosthet Dent. 
2017;117:144–9. https ://doi.org/10.1016/j.prosd ent.2016.04.003.

 22. Della Bona A, Pecho OE, Ghinea R, Cardona JC, Pérez MM. Col-
our parameters and shade correspondence of CAD–CAM ceramic 
systems. J Dent. 2015;43(6):726–34. https ://doi.org/10.1016/j.
jdent .2015.02.015.

 23. Al Hamad KQ, Obaidat II, Baba NZ. The effect of ceramic type 
and background color on shade reproducibility of all-ceramic res-
torations. J Prosthodont. 2018. https ://doi.org/10.1111/jopr.13005 
(Epub ahead of print).

 24. Czigola A, Abram E, Kovacs ZI, Marton K, Hermann P, Borbely J. 
Effects of substrate, ceramic thickness, translucency, and cement 
shade on the color of CAD/CAM lithium-disilicate crowns. J 
Esthet Restor Dent. 2019;31(5):457–64. https ://doi.org/10.1111/
jerd.12470 .

 25. Zeighama S, Hemmati YB, Falahchai SM. Effect of ceramic thick-
ness and cement color on final shade of all ceramic restorations: 
a systematic review. Sch Acad J Biosci. 2017;5(6):425–32. https 
://doi.org/10.21276 /sajb.

 26. Tabatabaian F, Taghizade F, Namdari M. Effect of coping thick-
ness and background type on the masking ability of a zirconia 
ceramic. J Prosthet Dent. 2018;119(1):159–65. https ://doi.
org/10.1016/j.prosd ent.2017.03.009.

 27. Rafael CF, Güth JF, Kauling AE, Cesar PF, Volpato CA, Lieber-
mann A. Impact of background on color, transmittance, and 
fluorescence of leucite based ceramics. Dental Materials J. 
2017;36(4):394–401. https ://doi.org/10.4012/dmj.2016-322.

 28. Bacchi A, Boccardi S, Alessandretti R, Pereira GK. Substrate 
masking ability of bilayer and monolithic ceramics used for com-
plete crowns and the effect of association with an opaque resin-
based luting agent. J Prosthodont Res. 2019;63(3):321–6. https ://
doi.org/10.1016/j.jpor.2019.01.005.

 29. Bayindir F, Koseoglu M. The effect of restoration thickness and 
resin cement shade on the color and translucency of a high-trans-
lucent monolithic zirconia. J Prosthet Dent. 2019. https ://doi.
org/10.1016/j.prosd ent.2018.11.002(Epub ahead of print).

 30. Montero J, Gómez-Polo C, Santos JA. Effect of ceramic veneer 
thickness and cement shade on the CIELAB system after bond-
ing—an in vitro study. Color Res Appl. 2016;41(6):642–8. https 
://doi.org/10.1002/col.22011 .

 31. Sen N, Us YO. Mechanical and optical properties of 
monolithic CAD-CAM restorative materials. J Prosthet 
Dent. 2018;119(4):593–9. https ://doi.org/10.1016/j.prosd 
ent.2017.06.012.

 32. Chu SJ, Trushkowsky RD, Paravina RD. Dental color match-
ing instruments and systems. Review of clinical and research 
aspects. J Dent. 2010;38(2):e2–16. https ://doi.org/10.1016/j.jdent 
.2010.07.001.

 33. Llena C, Lozano E, Amengual J, Forner L. Reliability of two 
color selection devices in matching and measuring tooth color. 
J Contemp Dent Pract. 2011;12:19–23. https ://doi.org/10.5005/
jp-journ als-10024 -1004.

 34. Douglas RD, Steinhauer TJ, Wee AG. Intraoral determination 
of the tolerance of dentists for perceptibility and acceptability 
of shade mismatch. J Prosthet Dent. 2007;97:200–8. https ://doi.
org/10.1016/j.prosd ent.2007.02.012.

 35. Seghi RR, Hewlett ER, Kim J. Visual and instrumental col-
orimetric assessments of small color differences on translu-
cent dental porcelain. J Dent Res. 1989;68:1760–4. https ://doi.
org/10.1177/00220 34589 06801 20801 .

 36. Kuehni RG, Marcus RT. An experiment in visual scaling of small 
color differences. Color Res Appl. 1979;4:83–91. https ://doi.
org/10.1364/JOSAA .28.00150 0.

 37. Johnston WM, Kao EC. Assessment of appearance match 
by visual observation and clinical colorimetry. J Dent Res. 
1989;68:819–22. https ://doi.org/10.1177/00220 34589 06800 51301 
.

 38. Ruyter IE, Nilner K, Moller B. Color stability of dental com-
posite resin materials for crown and bridge veneers. Dent Mater. 
1987;3:246–51. https ://doi.org/10.1016/S0109 -5641(87)80081 -7.

 39. Paravina RD, Ghinea R, Herrera LJ, Bona AD, Igiel C, Linninger 
M, Sakai M, Takahashi H, Tashkandi E, Perez MM. Color differ-
ence thresholds in dentistry. J Esthet Restor Dent. 2015;27:1–9. 
https ://doi.org/10.1111/jerd.12149 .

 40. CIE (Commission Internationale de l’Eclairage) Technical report: 
colorimetry. CIE pub. no. 15, 3rd ed. Vienna, Austria: CIE Central 
Bureau; 2004. p. 9–21.

 41. Greța DC, Gasparik C, Colosi HA, Dudea D. Color matching of 
full ceramic versus metal-ceramic crowns a spectrophotometric 
study. Med Pharm Rep. 2019. https ://doi.org/10.15386 /MPR-
1330(Epub ahead of print).

 42. Vadher R, Parmar G, Kanodia S, Akashi Chaudhary D, Kaur M, 
Savadhariya T. Basics of color in dentistry: a review. IOSR J Den 
Med Sci. 2014;13(9):78–85. https ://doi.org/10.9790/0853-13917 
885.

 43. Schmeling M. Color selection and reproduction in den-
tistry Part 1: Fundamentals of color. Odovtos-Int J Den Sci. 
2016;18(1):23–322.

 44. Nassau K. The physics and chemistry of color. 2nd ed. New York: 
Wiley; 2001. p. 231–236, 390.

 45. Oh SH, Kim SG. Effect of abutment shade, ceramic thickness, and 
coping type on the final shade of zirconia all-ceramic restorations: 

https://doi.org/10.1016/j.dental.2015.12.001
https://doi.org/10.1016/j.dental.2015.12.001
https://doi.org/10.1111/jopr.12585
https://doi.org/10.1067/mpr.2002.124094
https://doi.org/10.1007/s13191-014-0362-2
https://doi.org/10.1007/s13191-014-0362-2
https://doi.org/10.1016/j.jpor.2015.03.001
https://doi.org/10.1016/j.sdentj.2019.02.045
https://doi.org/10.1016/j.prosdent.2016.07.014
https://doi.org/10.1016/j.prosdent.2016.07.014
https://doi.org/10.1016/j.prosdent.2016.05.016
https://doi.org/10.1016/j.prosdent.2016.05.016
https://doi.org/10.1016/s0022-3913(03)00517-1
https://doi.org/10.1016/s0022-3913(03)00517-1
https://doi.org/10.1016/j.prosdent.2016.04.003
https://doi.org/10.1016/j.jdent.2015.02.015
https://doi.org/10.1016/j.jdent.2015.02.015
https://doi.org/10.1111/jopr.13005
https://doi.org/10.1111/jerd.12470
https://doi.org/10.1111/jerd.12470
https://doi.org/10.21276/sajb
https://doi.org/10.21276/sajb
https://doi.org/10.1016/j.prosdent.2017.03.009
https://doi.org/10.1016/j.prosdent.2017.03.009
https://doi.org/10.4012/dmj.2016-322
https://doi.org/10.1016/j.jpor.2019.01.005
https://doi.org/10.1016/j.jpor.2019.01.005
https://doi.org/10.1016/j.prosdent.2018.11.002
https://doi.org/10.1016/j.prosdent.2018.11.002
https://doi.org/10.1002/col.22011
https://doi.org/10.1002/col.22011
https://doi.org/10.1016/j.prosdent.2017.06.012
https://doi.org/10.1016/j.prosdent.2017.06.012
https://doi.org/10.1016/j.jdent.2010.07.001
https://doi.org/10.1016/j.jdent.2010.07.001
https://doi.org/10.5005/jp-journals-10024-1004
https://doi.org/10.5005/jp-journals-10024-1004
https://doi.org/10.1016/j.prosdent.2007.02.012
https://doi.org/10.1016/j.prosdent.2007.02.012
https://doi.org/10.1177/00220345890680120801
https://doi.org/10.1177/00220345890680120801
https://doi.org/10.1364/JOSAA.28.001500
https://doi.org/10.1364/JOSAA.28.001500
https://doi.org/10.1177/00220345890680051301
https://doi.org/10.1016/S0109-5641(87)80081-7
https://doi.org/10.1111/jerd.12149
https://doi.org/10.15386/MPR-1330
https://doi.org/10.15386/MPR-1330
https://doi.org/10.9790/0853-13917885
https://doi.org/10.9790/0853-13917885


402 Odontology (2021) 109:393–402

1 3

in  vitro study of color masking ability. J Adv Prosthodont. 
2015;7(5):368–74. https ://doi.org/10.4047/jap.2015.7.5.368.

 46. Ozturk O, Uludag B, Usumez A, Sahin V, Celik G. The effect of 
ceramic thickness and number of firings on the color of two all-
ceramic systems. J Prosthet Dent. 2008;100(2):99–106. https ://
doi.org/10.1016/S0022 -3913(08)60156 -0.

 47. Ural Ç, Duran İ, Tatar N, Öztürk Ö, Kaya İ, Kavut İ. The effect of 
amine-free initiator system and the polymerization type on color 
stability of resin cements. J Oral Sci. 2016;58(2):157–61. https ://
doi.org/10.2334/josnu sd.15-0619.

 48. De Souza G, Braga RR, Cesar PF, Lopes GC. Correlation between 
clinical performance and degree of conversion of resin cements: a 
literature review. J Appl Oral Sci. 2015;23(4):358–68. https ://doi.
org/10.1590/1678-77572 01405 24.

 49. Haas K, Azhar G, Wood DJ, Moharamzadeh K, van Noort R. The 
effects of different opacifiers on the translucency of experimental 

dental composite resins. Dent Mater. 2017;33:e310–316. https ://
doi.org/10.1016/j.denta l.2017.04.026.

 50. 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/10.1364/JOSAA .30.00061 6.

 51. Pecho OE, Ghinea R, Alessandretti R, Pérez MM, Della 
BA. Visual and instrumental shade matching using CIELAB 
and CIEDE2000 color difference formulas. Dent Mater. 
2016;32(1):82–92. https ://doi.org/10.1016/j.denta l.2015.10.015.

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

https://doi.org/10.4047/jap.2015.7.5.368
https://doi.org/10.1016/S0022-3913(08)60156-0
https://doi.org/10.1016/S0022-3913(08)60156-0
https://doi.org/10.2334/josnusd.15-0619
https://doi.org/10.2334/josnusd.15-0619
https://doi.org/10.1590/1678-775720140524
https://doi.org/10.1590/1678-775720140524
https://doi.org/10.1016/j.dental.2017.04.026
https://doi.org/10.1016/j.dental.2017.04.026
https://doi.org/10.1364/JOSAA.30.000616
https://doi.org/10.1016/j.dental.2015.10.015

	Evaluation of shade correspondence between current monolithic CADCAM blocks and target shade tab by considering the influence of cement shade and restorative material thickness
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




