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ABSTRACT 
 

The purpose of this study is to evaluate the effect of thermocycling on the color change 
of the amine-free dual-cure resin cements. IPS e.max CAD blocs were cut into specimens of 
1 mm thickness (N=28) and cemented with one of the 4 different amine-free dual-cure resin 
cements (NX3 Nexus [NX], Kerr Dental; Variolink Esthetic DC [VE], Ivoclar Vivadent; 
Panavia V5 [PV], Kuraray Dental; G-CEM Linkforce [GC], GC Corporation) (n=7). A 
spectrophotometer was used for color measurements. Specimens were subjected to 
thermocycling (5°C and 55°C; 5000 and  10000 cycles). Normality of  data distribution was 
tested by using the Kolmogorov-Smirnov test. Statistical analysis was performed using a 
two-way analysis of variance (ANOVA) and Tukey’s multiple comparison tests at a 
significance level of p<0.05. 
∆E values were significantly influenced by the resin cements and the cycle periods (p<0.05). 
There were no significant differences between NX and VE groups after 5000 thermocycling, 
however after 10000 thermocycling VE group showed higher ∆E1 values than NX group 
(p>0.05). There were no statistically significant differences between the ∆E0 and ∆E1 values of 
the GC group, however the other groups were affected after 10000 thermocycling (p>0.05). 
Amine-free resin cements used for cementation showed color change after thermocycling except 
GC group. All resin cements were showed clinically acceptable color change after thermocycling 
(∆E<3.5). 
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RESUMEN 

 
El propósito de este estudio es evaluar el efecto del termociclaje en el cambio de color 

de los cementos de resina de doble curado sin aminas. Los bloques IPS e.max CAD se 
cortaron en muestras de 1 mm de espesor (N=28) y se cementaron con uno de los 4 
diferentes cementos de resina de curado doble libres de aminas (NX3 Nexus [NX], Kerr 
Dental; Variolink Esthetic DC [VE], Ivoclar Vivadent; Panavia V5 [PV], Kuraray Dental; G-
CEM Linkforce [GC], GC Corporation) (n=7). Se usó un espectrofotómetro para las 
mediciones de color. Las muestras se sometieron a termociclaje (5°C y 55°C; 5000 y 10000 
ciclos). La normalidad de la distribución de datos se probó utilizando la prueba de 
Kolmogorov-Smirnov. El análisis estadístico se realizó mediante un análisis de varianza de 
dos vías (ANOVA) y  las pruebas   de comparación múltiple de Tukey a un nivel de 
significación de p<0.05. Los valores de ∆E fueron significativamente influenciados por los 
cementos de resina y los períodos de ciclo (p<0.05). No hubo diferencias significativas entre 
los grupos NX y VE después de 5000 termociclos, sin embargo, después de 10000, el grupo 
VE mostró valores ∆E1 mayores que el grupo NX (p>0.05). No hubo diferencias 
estadísticamente significativas entre los valoresn∆E0 y ∆E1 del grupo GC, no obstante, los 
otros grupos se vieron afectados después de 10000 termociclos (p>0.05). Cementos de resina 
libres de aminas. utilizados para la cementación mostró cambio de color  después del  
termociclaje, excepto el  grupo  GC. Todos los cementos de resina mostraron un cambio de 
color clínicamente aceptable después del termociclaje (∆E<3.5). 
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INTRODUCTION 

 
All-ceramic restorations have become a popular choice for anterior restorations due to 

their superior aesthetic properties (1). All-ceramic materials can reflect the natural 
appearance of the teeth, and their optical properties are very similar to dental tissues (2). 
Conservative preparation techniques help clinicians produce thinner restorations with higher 
translucency (3,4). Many factors such as the type of the luting cement, the color of the 
restoration material, and the color of the tooth itself can affect the final shade  of  restorations 
(5). Therefore, determining the final color of the restorations can be difficult. Resin cements 
should preserve their color properties over the long-term for successful restorations (6). 

 
All-ceramic restorations are usually cemented 

withresincements,whichprovidesatisfyingaesthetics, 



 

 

low solubility in the oral environment, and superior mechanical properties and bond strength 
(7). Various cements (dual or light cure) with different cementing processes are needed for 
specific types of restorations. Because of low penetration of polymerization light, dual-cure 
resin cements are used for thicker restorations (8). Resin cements change in color in the oral 
environment because  of extrinsic or intrinsic factors (9). The oxidation  of unreacted double 
bonds and the resulting products from the degradation of resin after water absorption cause 
intrinsic color changes (10,11). Dual-cure resin cements contain camphorquinone, peroxide, 
and aromatic tertiary amines as polymerization initiators. Dual-cure resin cements have 
many advantages, such as superior aesthetic properties due to their different color and 
opacity options, low solubility in oral fluids, superior mechanical properties compared to 
conventional cements, high radiopacity and bond strength to 



 

 

 
dental tissues, and increased durability. Due to these properties, they are recommended for 
use  in cementation of all-ceramic crowns, bridges, laminate veneers, inlays, onlays, fiber or 
ceramic posts, adhesive bridges, and implant supported restorations (6,7,12,13). The aromatic 
amine accelerators and inhibitors are the main cause of color change, which is the greatest 
disadvantage of these cements. These amine molecules go through oxidation reactions that 
result in color changes in the resin (6,7). All amines produce by-products, which are formed 
during polymerization and cause a color change from yellow to brown over time. The 
aliphatic amines used in light curing systems are more color stable than the aromatic amines 
used in chemical curing systems (14). Previous studies have shown that the new systems 
without benzoyl peroxide/amine redox initiators result in less color change (15). Even the 
fully polymerized resins present a clinical color change over time. This is due to the intrinsic 
factors that cause alterations in chemical structures (16,17). 

 
The resin cements evaluated in this study do not contain the amine compounds that play 

an important role in the coloring of resin materials. There are limited studies on  amine-free  
resin cement materials in the literature. The purpose of the present study was to evaluate the 
effect of amine- free dual-cure resin cements on the color of all- ceramic CAD/CAM 
materials before and after thermocycling. The hypothesis of this study is that different 
adhesive material types do not affect the color values of restorations, and thermocycling does 
not have any effect on the final color of any  of the materials tested. 

 
MATERIALS AND METHODS 

 
The ceramic samples (A2 HT-colored IPS e.max CAD, Ivoclar Vivadent, Schaan, 

Liechtenstein) cemented with one of 4 different dual-cure resin cements were tested in this study 
and are detailed in Table 1. The tested ceramic blocs were cut under 



 

 

water cooling (Mecatome T180, Presi, Grenoble, France) into rectangular specimens 12 mm 
in width, 14 mm in length, and 1 mm in thickness. A total of 28 specimens (n=7 per test 
material) were produced. The crystallization process was conducted according to the 
manufacturer’s recommendations. The ceramic samples were polished with P600, P1200, and 
P2000 SiC sheets on one side. The thicknesses  of  the  specimens   were   reduced to 1±0.05 
mm, and they were checked with a digital caliper. Each specimen was ultrasonically cleaned 
before cementation. The bonding surfaces of the ceramic specimens  were  etched  with 
9.5% hydrofluoric acid (Porcelain Etch; Ultradent Products, Inc.) for 20 seconds. After acid 
etching, the samples were rinsed with pressurized water and dried using an air spray. For 
each cement group, the manufacturer’s recommended ceramic primers were applied  to  the  
ceramic  surfaces for 60 seconds and dried with dry air. The resin cements were placed under 
specimens, and a glass slide was placed on top of each specimen without any weight. The 
mean thickness of the cement was 0.15±0.05  mm  for  all  specimens. A light-emitting diode 
unit (Valo, Ultradent, South Jordan) with an intensity of 1200 mW/cm2 was used for 10  
seconds to  achieve polymerization.  A spectrophotometer (VITA Easyshade Advance, VITA 
Zahnfabrik, Bad Säckingen, Germany) was used for color measurements. 
Spectrophotometric measurements were made under light-proof conditions with a white 
background under the specimens. The measurements were repeated 3 times for each specimen, 
and the spectrophotometer was calibrated after each measurement. The specimens were then 
thermocycled (Thermocycler, SD Mechatronik, Germany) in distilled water between 5 and 
55°C for 5,000 and 10,000 cycles. The International Commission on Illumination (CIELab 
system) was  used  to  measure  mean  L*, a*, and b* values. After thermocycling, color 
measurements were repeated, and CIELab values were recorded to be used in the following 
∆E formula: ∆E=[(∆L*)²+ (∆a*)²+ (∆b*)²]¹/². The ∆E formula was used to calculate the 
difference between the color values after 5,000 cycles and 10,000 cycles. The collected data were 
analyzed with statistical software (IBM SPSS Statistics v22.0; IBM Corp). A power analysis with 
an estimated power of 80% and α=0.05 significance 



 

 

level was conducted on the ∆E values to determine the number of samples (n=7). The normality 
of the data distribution was tested with the Kolmogorov– Smirnov test. The data were statistically 
analyzed using two-way ANOVA, and the Tukey-HSD post hoc test. In all tests, p<0.05 was 
considered significant. 

 

Table 1. The brand names, abbreviations, resin shades, lot numbers, material compositions and 
manufacturers of the materials used in the study. 

 
 

Resin Cement Abbr.  Resin Shade 



 

 

Lot No Composition (Filler Content) Manufacturer 
Variolink Esthetic DC VE Neutral V20176 Monomer matrix: UDMA, 

inorganic fillers (ytterbium trifluoride and spheroid mixed 
oxide), initiators, stabilizers, pigments 

Panavia V5 PV Clear AJ0009 Bis-GMA, TEGDMA, hydrophobic aromatic 
dimethacrylate, hydrophilic aliphatic dimethacrylate, 
barium glass filler, fluoroaluminosilicate 

glass, silica filler, initiators, stabilizers, pigments (61.0 
wt%, 38.0 vol%) 

NX3 Nexus NX Clear 5878470 Methacrylate ester monomer, 
mineral fillers, initiators, stabilizers, pigments, radiopaque 
agent (66.5 wt%, 43.3vol%) 

G-CEM Linkforce GC Translucent 1608221 Dimethacrylate, silica filler, 
initiators, stabilizers, pigments (63.0 wt%, 38.0 vol%) 



 

 

Ivoclar Vivadent, Schaan, Liechtenstein 
 
 
 

Kuraray Noritake Dental, Okayama Japan 
 
 
 
 
 
 

Kerr Dental, California, America 
 
 
 

GC Corporation, Tokyo, Japan 
 

 

Abbreviations: UDMA: urethane dimethacrylate; Bis-GMA: bisphenol A-glycidyl methacrylate; TEGDMA: triethylene glycol 
dimethacrylate. 



 

 

 
RESULTS 

 
Two-way ANOVA revealed statistically significant differences in the ∆E  values  among 

the resin cement materials and between the cycle periods (p<0.05). There were interactions 
among the materials and the cycle periods (p<0.05) (Table 2). 

 
The ∆E values for the color before and after 5,000 thermal cycles (∆E1) and before and 

after 10,000 thermal cycles (∆E2) are given in Table 3. The ∆E1 value of the NX group was 
statistically significantly lower than that of the PV and GC groups (p<0.05), but the 
differences between the NX and VE groups were not statistically significant (p>0.05). 

 
When ∆E2 values were compared among the materials, the differences between the VE and 

the NX groups were statistically significant (p<0.05); however, there were no significant 
differences among the other materials. 

 
When the effects of thermocycling on the color values were evaluated, there was no 

statistically significant difference between the ∆E1 and ∆E2 



 

 

values of the GC group (p>0.05). However, the differences between the ∆E1 and ∆E2 values of the 
VE, PV, and NX groups were statistically significant (p<0.05). 

 
When  the  effect  of  thermocycling  on  the 

∆L values was examined (Table 4), a statistically significant difference was observed in the 
measured L0* value before and after 5,000 (L1*)  and 10,000 (L2*) thermocycles in all tested 
material groups (p<0.05). The L* values decreased after thermocycling in all tested material 
groups (p< 0.05). 

 
When the effects of thermocycling on ∆b values were examined (Table 5) in the PV 

group, the b2* value was lower than the b1* and  b0* values (p<0.05). In the NX group, the 
difference between the b0* and b2* values was statistically significant (p<0.05), and in the 
GC group, there were statistically significant differences among  the b0*, b1*, and b2* values 
(p<0.05). 

 
When the effect of thermocycling on ∆a values was examined (Table 6) in the VE group, 

there were statistically significant differences  between the values obtained before (a0*) and 
after 5,000 (a1*) and 10,000 (a2*) thermocycles (p<0.05). 



 

 

 
Table 2. Two way analysis of variance of ∆E values. 

 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Materials 7.775 3 2.592 16.893 .000 
Cycle periods 12.826 1 12.826 83.597 .000 
Materials * Cycle 
periods 

3.960 3 1.320 8.605 .000 

 
 
Table 3. Descriptive statistics for ∆E1 and ∆E2 values of all tested material groups. 

 
Adhesive resin 

cement 
∆E1 (Mean 

±SD) 
∆E2 (Mean 

±SD) 
VE 1.27 ± 0.34 ᴬᵃᵇ 3.08±0.50ᴮᵃ 
PV 1.55± 0.30ᴬᵃ 2.47±0.46ᴮᵃᵇ 
NX 0.84± 0.26ᴬᵇ 1.55±0.29ᴮᵇ 
GC 1.69±0.38ᴬᵃ 2.07±0.55ᴬᵃᵇ 

*Lower case superscripts correspond the same column, capital superscripts correspond the same line. 
*Significantly different at p <0.05. 

 
 

Table 4. Descriptive statistics for L0*, L1* and L2* values of all tested materials. 
 

Adhesive resin 
cement 

L0* (Mean 
±SD) 

L1* (Mean 
±SD) 

L2* (Mean 
±SD) 

VE 96.68±0.32ᴬ 95.70±0.73ᴮ 93.78±0.76ᶜ 
PV 94.86±1.22ᴬ 93.89±0.99ᴮ 92.87±1.16ᶜ 
NX 93.19±1.01ᴬ 92.65±0.98ᴮ 91.79±0.93ᶜ 
GC 94.78±0.97ᴬ 93.56±0.71ᴮ 92.78±0.82ᶜ 

*Capital case superscripts correspond the same line. 
*Significantly different at p <0.05. 

 
 
 

Table 5. Descriptive statistics for b0*, b1* and b2* values of all tested material groups. 
 

Adhesive resin 
cement 

b0* (Mean 
±SD) 

b1* (Mean 
±SD) 

b2* (Mean 
±SD) 

VE 12.41±0.51ᴬ 12.80±0.83ᴬ 12.31±0.60ᴬ 
PV 14.29±0.86ᴬ 14.33±1.21ᴬ 13.34±1.04ᴮ 
NX 12.49±0.51ᴬ 12.55±0.33ᴬᴮ 12.08±0.55ᴮ 
GC 13.05±0.46ᴬ 13.89±0.81ᴮ 13.02±0.45ᴬ 

*Capital case superscripts correspond the same line. 
*Significantly different at p <0.05. 



 

 

 
Table 6. Descriptive statistics for a0*, a1* and a2* values of all tested material groups. 

 
Adhesive resin 

cement 
a0* (Mean 

±SD) 
a1* (Mean 

±SD) 
a2* (Mean 

±SD) 
VE -1.84±0.10ᴬ -1.44±0.19ᴮ -0.97±0.23ᶜ 
PV -1.79±0.29ᴬ -1.45±0.29ᴮ -1.31±0.31ᴮ 
NX -1.49±0.14ᴬ -1.22±0.34ᴮ -1.05±0.23ᴮ 
GC -1.75±0.21ᴬ -1.35±0.20ᴮ -1.45±0.19ᴮ 

*Capital case superscripts correspond the same line. 
*Significantly different at p <0.05. 

 
 

DISCUSSION 
 

The results of this in vitro study revealed that material type and thermocycling have a 
significant effect on color values.Therefore, the null hypotheses that different resin cement 
material types do not affect the color values of the restorations, and thermocycling does not 
have any effect on the final color of all materials tested were rejected. 

 
Resin cements are preferred in the cementation of full ceramic restorations. Dual-cure 

adhesive resin cements have become widely used in the cementation of ceramic crowns, inlays, 
onlays, and lamina restorations (13,19,20). Resin cements are not only used for cementation of 
restorations but also for final color construction (21). Studies have shown that the final color 
of ceramic restorations is not only determined by the color of the ceramic material but also by 
the color of the resin cement. It has also been reported that restoration and cement thickness, 
ceramic type, and underlying dentine color can affect color (18,22-24). In this study, the effects 
of 4 different amine-free dual- cure resin cements on the color of all-ceramic CAD/CAM 
materials before and after 5,000 and 10,000 thermocycles were investigated. 

 
The resin cements used in this study do not contain amine compounds, which play an 

important role in the final color of restorations, and these 



 

 

resin cements are especially recommended  for the cementation of aesthetic restorations. 
There has been insufficient research on these materials (25,26). 

 
Polymerization of dual polymerized resin compounds is influenced by the color of 

restoration and resin materials (27). Thus, a clear color adhesive material and an A2 HT-
colored ceramic material were chosen to provide standardization in this study. 

 
In order to assess the clinical performance of dental materials, laboratory conditions 

should mimic oral conditions; therefore, materials are subjected to various thermocycling 
methods in dental research. The thermocycling process is  one of these methods, and it 
reflects intraoral conditions by subjecting the samples to moisture via heat exchange 
(28,29). In the current study, specimens were subjected to 5,000 and 10,000 thermocycles. 

 
The L, a, and b values of the tested specimens were affected by the material and cycle 

periods. In addition, there were significant differences in the 
∆E values across different materials, cycle periods, and cement types (p=.000). The ∆E values 
were found to be at or under the clinically perceptible threshold (∆E 2 to 3.5) stated by O’Brien et 
al. (30) in all the tested resin cement groups. 



 

 

 
Almeida et al. (29) revealed that the color change after the thermocycling in dual-cure 

resin cements were higher than the light-cure resin cements. This result was based on the 
oxidation of amine molecules that react with benzoyl peroxide in dual-cure systems (29). 
Amine-free resin cements were tested in the present study, and recent studies have shown that 
the resin  cements  containing the amine-free initiator system have better color stability and 
less discoloration (25,26). The NX group showed the lower ∆E values than the PV and GC 
groups after 5,000 thermocycles, but there was no significant difference between the NX and 
VE groups. This may be due to the fact that the  VE group contains Ivocerin, which was 
developed as an alternative to camphorquinone and does not require amine molecules to 
initiate the reaction. However, after 10,000  thermocycles,  there  was a significant difference 
between the NX and VE groups. The VE group showed an increased ∆E1 value (3.08±0.50) 
after 10,000 thermocycles. The 
∆E values of the GC group were not affected by thermocycling. 

 
According to the results of the present study, there were differing ∆E values among the 

resin cements. This may be due to the differences in the chemical composition of the cements, 
their degree of polymerization, and their tendency to water absorption (29,31,32). In addition, 
the hydroxyl and ester groups of the Bis-GMA molecules contained in some resin cements 
absorb water and are susceptible to hydrolysis. These hydrolytic and hygroscopic effects have 
been reported to play an important role in the color changes of resin-based materials (33). 

 
Changes in L* (change of brightness) values are important for the long-term color stability of 

restorations. According to the results of this study, L* values were affected by the cycle periods. 



 

 

The L* values of all materials decreased after 5,000 and 10,000 thermocycles.  This  result  
is in accordance with those of previous studies, in which the L* values of resin materials 
were found to decrease after thermocycling (29,31). The a* (change of redness/greenness) 
values of all materials increased after 5,000 thermocycles. After 10,000 thermocycles only a* 
values of VE group increased. Sabatini et al. (34) observed the color changes 24 hours after 
polymerization and they stated  that the continued polymerization causes changes in color. 
19-26% of the total polymerization of resin materials has been identified as post-irradiation 
polymerization (35). On the contrary, in the present study thermocycles did not cause an 
increase in  b* values in all groups and this shows that the polymerization did not continue 
after the initial spectrophotometric measurements. 

 
The present study has some  limitations. The color measurement was performed as 

soon  as the specimens were cemented. Blatz et al. (21) reported that the time required for 
the completion of polymerization is approximately 24 hours in areas where the light cannot 
reach sufficiently in dual-curing resin cements. To improve the clinical relevance of the 
findings of the present study, future investigations should be performed using the tooth 
surface as a background instead of using a white background. Future investigations might be 
performed using different resin cements, CAD/ CAM materials, and different CAD/CAM 
material thicknesses. 

 

CONCLUSION 
 

Within the limitation of this in vitro study, the following conclusions were drawn: 
 
Ô Thermocycling and types of resin cements may affect the color stability. 



 

 

 
Ô The color changes resin cements after thermocycling were within clinically acceptable 

limits (∆E<3.5). 
Ô NX resin cement group showed the lowest color change after 5,000 and 10,000 

thermocycles. 
Ô The ∆E1 and ∆E2 values of the all amin-free adhesive resin cement groups showed 

significant changes, except for G-CEM Linkforce group. 
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