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ABSTRACT

Background: This study compared the color stability of resin‑modified glass ionomer (RMGI) 
and Cention N bioactive restorative material following exposure to different coloring solutions.
Materials and Methods: In this in vitro experimental study, 12 specimens were fabricated from 
Cention N and Fuji II LC RMGI and immersed in Turkish coffee, Nescafe, cola, and distilled water 
as control (n = 3). The color parameters of the specimens were measured after 1, 7, and 28 days 
of immersion in the respective solutions, and their color change (ΔE) was calculated. Data were 
analyzed using repeated measures ANOVA Friedman test and two‑way ANOVA (alpha = 0.05).
Results: On day 1, the highest and lowest ΔE values were noted in Cention N specimens immersed 
in Nescafe and Cention N specimens immersed in cola, respectively. On days 7 and 28, the highest 
and lowest ΔE values were found in RMGI specimens immersed in Nescafe and Cention N 
specimens immersed in cola, respectively. The effects of the type of material and type of coloring 
solution and their interaction effect on ΔE of specimens at different time points were statistically 
significant (P < 0.05).
Conclusion: Within the limitations of this in vitro study, the results showed that Fuji II LC RMGI 
had lower color stability than Cention N in the long term. Nescafe caused the greatest discoloration 
in Fuji II LC, while Turkish coffee caused the greatest discoloration in Cention N specimens.
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INTRODUCTION

Optimal esthetics is an essential property of dental 
restorative materials. Thus, tooth‑colored restorative 
materials, such as composite resins, have increased in 
popularity.[1]

Color stability is a multifactorial parameter that 
plays a fundamental role in the clinical success of 
direct tooth‑colored restorations.[2] Discoloration 
of restorations often causes patient dissatisfaction 

and necessitates restoration replacement, which 
involves additional costs and further removal of tooth 
structure.[3] Superficial discoloration of tooth‑colored 
restorations is a major reason for their replacement 
and may occur due to intrinsic factors related to 
the composition of restorative materials or extrinsic 
factors related to the absorption of pigments and 
staining from foods and drinks. Even the most 
recent types of composite resins have greater water 
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sorption than ceramics due to the resinous nature of 
their matrix and making them more susceptible to 
discoloration and staining. [4,5]

Considering the growing use of resin‑based dental 
restorative materials due to their improved esthetics 
and formulation, easy application, and bonding 
ability to tooth structure,[6] different tooth‑colored 
direct restorative materials with variable physical 
and mechanical properties are currently available 
in the market, including composite resins and glass 
ionomers (GIs).[7]

Resin‑modified GI  (RMGI) was developed by the 
addition of bisphenol A glycidyl dimethacrylate or 
urethane dimethacrylate and photoinitiators to the 
conventional GI. Its liquid contains an aqueous 
solution of polyacrylic acid and hydroxyethyl 
methacrylate.[8,9] RMGIs have improved properties 
compared with conventional GI cement but have 
slightly lower fluoride release.[10,11]

Recently, Ivoclar Vivadent introduced a novel 
tooth‑colored restorative material, namely Cention 
N, to the market for application in direct restorations 
with or without an adhesive system. It is radiopaque 
and is available in A2 shade.[12,13] Its manufacturer 
claims that it provides excellent esthetics and high 
strength.[14] Cention N is an alkasite, which is a 
novel subgroup of composite resins with alkaline 
fillers, which can release acid‑neutralizing ions such 
as calcium, hydroxide, and fluoride.[13,15,16] It can be 
used as a bulk‑fill restorative material.[17] Cention N 
contains 78.4% mineral fillers, and its alkaline glass 
accounts for 24.6% of the final weight of the material, 
resulting in the release of fluoride, calcium, and 
hydroxide ions, which can prevent demineralization 
of the tooth structure in the long term.[18]

Despite the advances in the formulation of restorative 
materials, their color stability in the dynamic oral 
environment remains a challenge.[19] The effects of 
different coloring solutions on the color stability of 
GI have been the topic of several investigations.[20‑23] 
It has been demonstrated that different coloring foods 
and drinks can cause discoloration of GI and RMGI 
and adversely affect their gloss.[22,23] Considering 
the existing concerns regarding the color stability of 
fluoride‑releasing restorative materials over time[24] 
and insufficient knowledge about the color stability of 
bioactive materials such as Cention N, this study aimed 
to compare the color stability of RMGI and Cention 
N bioactive restorative material following exposure to 

different coloring solutions. The null hypothesis of the 
study was that the color stability of RMGI and Cention 
N would not be significantly different following 
exposure to different coloring solutions.

MATERIALS AND METHODS

This in  vitro experimental study was conducted 
on specimens of Cention N  (Ivoclar Vivadent, 
Liechtenstein, Switzerland) and RMGI  (GC, Tokyo, 
Japan). The protocol of the study was approved by 
the university’s ethics committee: IR.ARAKMU.
REC.1401.159.

Sample size
The sample size was calculated to be 10 specimens in 
each group based on a previous study,[25] assuming the 
mean color change  (ΔE) of RMGI to be 0.46, a 95% 
confidence interval, and a study power of 80%, using 
Stata Corp LLC, College Station, TX, USA.

To round up, 12 specimens were fabricated from each 
material for immersion, allowing for 3  specimens in 
each coloring solution.

Specimen preparation
Cylindrical Teflon molds with a diameter of 6  mm 
and a height of 3  mm were used for fabricating the 
specimens. The materials were applied incrementally 
into the molds. For this purpose, a thin layer of the 
respective restorative material was initially applied 
to the mold, compressed with a plastic spatula and 
light‑cured  (O‑Light, DTE, China) at a light intensity 
of 2300–2500  mW/cm² from a distance of 1  mm 
for 20 s. Subsequent layers were applied in the 
same manner. A  glass slab was then placed over the 
mold to standardize the surface of the specimens.[26] 
The slab was then removed, and the final increment 
was light‑cured. The specimens were subsequently 
removed from the molds, and their surfaces were 
polished using Sof‑Lex polishing discs (3M ESPE, St. 
Paul, MN, USA). They were then coded and stored in 
distilled water at 37°C for 24 h.

Baseline color assessment
The specimens underwent color assessment using 
spectrophotometer  (Minolta CR; Minolta Co., Osaka, 
Japan), and their L*  (lightness), a*  (redness), and 
b*  (yellowness) values were recorded according to 
the CIE L*a*b* color space.

Immersion in coloring solutions
In each group, the specimens were randomly 
assigned to four subgroups for immersion in Turkish 
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coffee (Pendar, Iran), Nescafe (Nestlé), cola (Pendar, 
Iran), and distilled water as a control  (Sabalan, 
Iran)  (n  =  3). To standardize the Turkish coffee 
and Nescafe as aging media, 5  g of the respective 
powder was dissolved in 100 mL of boiling distilled 
water according to the manufacturers’ instructions. 
The mixtures were removed from the heat after 
3  min and allowed to cool. The specimens were 
immersed in the respective solutions and underwent 
color assessment again after 1, 7, and 28  days of 
immersion.

Secondary color assessment
The specimens were immersed in a cleansing 
solution composed of 10  mL of soap and 700  mL 
of distilled water and then rinsed under tap water. 
Subsequently, they were soaked in distilled water 
for 1  min. Excess moisture was removed from the 
surface of the specimens with a paper towel, and 
they underwent color assessment again after 1, 7, 
and 28  days, as explained earlier. After measuring 
the color parameters, the changes in L*  (∆L), 
a*  (∆a), and b*  (∆b) were calculated at each time 
point. The a* parameter indicates redness and 
greenness; positive values signify a shift toward 
redness, while negative values indicate a shift toward 
greenness. The b* parameter indicates blueness and 
yellowness; positive values signify yellowness, while 
negative values indicate blueness. The L* parameter 
indicates lightness and can range from 0  (black) 
to 100  (white)[27]. The  ∆E was calculated using the 
following formula:

2 2 2([ ] +[ ] +[ ] )1 2* * * *
abE = L a b∆ ∆ ∆ ∆

Statistical analysis
Repeated measures ANOVA  (for normally distributed 
data) and the Friedman test  (for nonnormally 
distributed data) were used to analyze the mean  ∆  E 
over time based on the type of restorative material 
and the type of solution. Two‑way ANOVA was 
employed to compare  ∆  E according to the type of 
material and type of solution at each time point. 
All statistical analyses were carried out using 
SPSS version  24  (SPSS Inc., IL, USA) with a 95% 
confidence interval.

RESULTS

Day 1
On day 1, the highest ∆ E was observed in Cention N 
specimens immersed in Nescafe, while the lowest ∆ E 
was recorded for Cention N specimens immersed 

in cola  [Table  1]. The mean  ∆  E of Cention N 
specimens was greater than that of RMGI specimens. 
ANOVA revealed that the effects of material 
type  (P  =  0.718) and coloring solution  (P  =  0.830) 
on ∆E were not significant. However, their interaction 
effect was significant  (P  =  0.037), indicating that 
the two materials exhibited different  ∆E values after 
immersion in different coloring solutions for 1 day.

Day 7
On day 7, the highest  ∆  E was observed in 
RMGI specimens immersed in Nescafe, while the 
lowest  ∆E was recorded for Cention N specimens 
immersed in cola. In addition, the mean  ∆E of 
RMGI specimens was greater than that of Cention 
N specimens  [Table  2]. ANOVA revealed significant 
effects of material type  (P  =  0.048) and coloring 
solution (P = 0.001) on ∆ E; however, their interaction 
effect on ∆E was not significant (P = 0.109).

Pairwise comparisons of the effects of coloring 
solutions on  ∆E on day 7  [Table  3] revealed that 

Table 2: Mean ΔE of Cention N and resin-modified 
glass ionomer specimens in different coloring 
solutions on day 7 (n=3)
Material Coloring solution Mean ΔE SD of ΔE
Cention N Distilled water 3.94 0.94

Turkish coffee 16.01 0.99
Cola 4.41 0.97
Nescafe 9.89 1.71
Total 8.56 5.21

RMGI Distilled water 5.47 1.96
Turkish coffee 13.51 1.57
Cola 10.43 4.91
Nescafe 18.46 9.24
Total 11.97 6.74

RMGI: Resin-modified glass ionomer; SD: Standard deviation

Table 1: Mean ΔE of Cention N and resin-modified 
glass ionomer specimens in different coloring 
solutions on day 1 (n=3)
Material Coloring solution Mean ΔE SD of ΔE
Cention N Distilled water 4.05 1.00

Turkish coffee 7.14 3.77
Cola 3.26 0.44
Nescafe 8.59 2.96
Total 5.76 3.10

RMGI Distilled water 6.63 0.50
Turkish coffee 4.19 3.65
Cola 6.66 2.70
Nescafe 4.01 2.83
Total 5.37 2.65

RMGI: Resin-modified glass ionomer; SD: Standard deviation
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Nescafe caused a significantly greater  ∆E than 
cola (P = 0.03) and distilled water (P = 0.003). Turkish 
coffee also resulted in a significantly greater ∆ E than 
cola (P = 0.023) and distilled water (P = 0.002).

Day 28
On day 28, the highest  ∆  E was observed in RMGI 
specimens immersed in Nescafe, while the lowest ∆ E 
was noted in Cention N specimens immersed in 
cola. In addition, the mean  ∆  E of RMGI specimens 
was greater than that of Cention N. Two‑way 
ANOVA revealed significant effects of coloring 
solution  (P  =  0.000), material type  (P  =  0.006), and 
their interaction  (P  =  0.031) on  ∆  E, indicating that 
the  ∆  E of the two materials differed across the four 
coloring solutions [Table 4].

Results of repeated measures ANOVA
The results revealed significant effects of material 
type  (P  =  0.007), coloring solution  (P  =  0.000), and 
their interaction  (P  =  0.010) on  ∆  E, indicating that 
the  ∆  E of the two materials varied across different 
coloring solutions over time.

DISCUSSION

This study compared the color stability of RMGI and 
Cention N bioactive restorative materials following 
exposure to different coloring solutions. The null 
hypothesis was that the color stability of RMGI 
and Cention N would not differ significantly after 
exposure to these solutions.

On day 1, the highest ΔE value was observed in 
Cention N specimens immersed in Nescafe, while 
the lowest ΔE was recorded in Cention N specimens 
immersed in cola. The mean ΔE of Cention N 
specimens was greater than that of RMGI specimens. 
Intrinsic factors affecting the ΔE of composite resins 
include the type of resin matrix, as well as the type, 
size, and volume of mineral fillers. Furthermore, 
surface degradation and roughness of restorative 
materials also influence their ΔE. Surface degradation 
of GIs can occur due to increased ionic exchange of 
fluoride on the specimen surface following exposure 
to acidic or neutral pH drinks. The greater ΔE of 
Cention N specimens compared with RMGI on day 
1 may be attributed to their higher surface roughness 
or distinct chemical composition. In addition, since 
all specimens were polished uniformly, this difference 
may result from variances in the polishability of 
Cention N and RMGI.

On days 7 and 28, the highest ΔE values were found in 
RMGI specimens immersed in Nescafe and the lowest 
in Cention N specimens immersed in cola. The mean 
ΔE of RMGI specimens exceeded that of Cention N 
specimens, and the ΔE of RMGI specimens increased 
over time compared to that of Cention N specimens. 
Considering the differences in surface roughness 
between RMGI and Cention N and the direct effect of 
surface roughness on the ΔE of restorative materials, 
it can be concluded that surface degradation of RMGI 
increased over time compared with Cention N.

Repeated measures ANOVA indicated that the 
effects of material type, coloring solution, and their 
interaction on the ΔE of specimens at different time 
points were statistically significant. Therefore, the 
null hypothesis of the study was rejected.

Kurinji Amalavathy et  al.[28] compared the effects 
of different coloring solutions on color stability and 
nanohardness of Equia Forte Fil  (coated with Equia 
Forte Coat) GI and Cention N  (noncoated) specimens. 
They found that the GI demonstrated higher color 
stability than Cention N following immersion in 

Table 4: Mean ΔE of Cention N and resin-modified 
glass ionomer specimens in different coloring 
solutions on day 28 (n=3)
Material Coloring solution Mean ΔE SD of ΔE
Cention N Distilled water 6.54 3.18

Turkish coffee 21.70 5.04
Cola 5.56 3.34
Nescafe 16.02 3.07
Total 12.45 7.71

RMGI Distilled water 7.67 1.12
Turkish coffee 20.05 3.33
Cola 14.44 4.60
Nescafe 25.67 3.17
Total 16.96 7.51

RMGI: Resin-modified glass ionomer; SD: Standard deviation

Table 3: Pairwise comparisons of the effects of 
coloring solutions on ΔE of specimens on day 7
Compared solutions Mean 

difference
SD of mean 
difference

P

Nescafe
Turkish coffee 0.58 2.25 0.99
Cola 6.75 2.25 0.03
Distilled water 9.47 2.25 0.003

Turkish coffee
Cola 7.34 2.25 0.023
Distilled water 10.05 2.25 0.002

Cola
Distilled water 2.7 2.25 0.63

SD: Standard deviation
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coloring solutions. Equia Forte Fil is a fluoride‑releasing 
hybrid glass that was resin‑coated in their study. In the 
Equia Forte Fil group, the highest ΔE was recorded 
after immersion in coffee, while the highest ΔE in the 
Cention N group occurred after immersion in tea.[28]

In contrast, the present study showed that Cention N 
generally had higher color stability than Fuji II LC 
RMGI; the highest ΔE in the Cention N group was 
observed after immersion in Turkish coffee, while the 
highest ΔE in the Fuji II LC group occurred following 
immersion in Nescafe. Cention N demonstrated higher 
susceptibility to staining on day 1 compared with 
RMGI; however, RMGI showed greater staining on 
days 7 and 28. The increased ΔE over time suggests 
a higher possibility of surface degradation of RMGI 
specimens. This phenomenon in RMGI may be due 
to increased ionic exchange of fluoride following 
exposure to the acidic or neutral pH of drinks.[28] The 
greater surface degradation of RMGI over time likely 
accounts for its increased susceptibility to staining 
compared with Cention N specimens.

In addition, Majeti et al.[29] assessed the color stability 
of Solare Sculpt composite resin and Cention N 
following exposure to coffee, green tea, and diet cola. 
They reported that Cention N exhibited a greater ΔE, 
with coffee causing the most significant discoloration 
in the specimens. Similarly, the present results 
revealed that Nescafe caused the greatest ΔE.

This study utilized an in vitro design, and the dynamic 
oral environment cannot be accurately simulated 
in vitro. In addition, the color stability of the materials 
was evaluated over a short period. Only three coloring 
solutions were assessed, whereas restorative materials 
are typically exposed to a wide range of coloring 
foods and drinks in the oral cavity. Furthermore, only 
two restorative materials were compared in this study.

Therefore, future studies should explore other 
restorative materials immersed in various coloring 
solutions over a longer duration, with improved 
simulation of clinical conditions. Scanning electron 
microscopic assessment of the surfaces of the 
specimens is also recommended for future studies to 
compare their surface properties. Clinical studies are 
necessary to obtain more generalizable results.

CONCLUSION

Within the limitations of this in vitro study, the results 
indicated that Fuji II LC RMGI had lower color 

stability than Cention N over the long term. Nescafe 
caused the greatest discoloration in Fuji II LC 
specimens, while Turkish coffee resulted in the most 
significant discoloration in Cention N specimens.
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