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ABSTRACT

Objective: This study evaluated color change (AE00) and translucency (TP) of GICs over 3 months. Materials and
Methods: Discs (n = 5) of conventional (ION-Z [IZ], Maxxion R [MX], Vidrion R [VR], Riva Self Cure [RSC], GC
Gold Label 9 [G9] and resin-modified GICs (GC Gold Label 2 [G2], Equia Forte [EF]) were prepared and stored in
distilled water. Color measurements were taken (3x/disc) with a reflectance spectrophotometer at 5 experimental
times: immediately after preparation; after 1 hour (1h), 1 day (1d), 1 week (1w), and 3 months (3m). Data were
analyzed using two-way repeated-measures ANOVA/Tukey test (a= 0.05). Results: After 3 months, all GICs
presented perceptible AE0O, with MX and RSC exhibiting the highest values. EF consistently showed acceptable
AEO00 (p< 0.05). MX and RSC showed the highest TP after 1h and throughout (p<0.05). G2, RSC, G9, and VR
showed their highest TP values at 1w and 3m, with no differences between these times (p>0.05). IZ showed the
highest TP at 1d and 1w, and EF’s greatest TP was at 3m. Conclusion: GICs showed perceptible color changes with
unstable translucency. EF maintained acceptable color change.
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RESUMO

Objetivo: Este estudo avaliou a alteracdo de cor (AEOO) e a translucidez (TP) de CIVs ao longo de 3 meses.
Material e Métodos: Discos (n = 5) de CIVs convencionais (ION-Z [IZ], Maxxion R [MX], Vidrion R [VR], Riva
Self Cure [RSC], GC Gold Label 9 [G9]) e CIVs modificados por resina (GC Gold Label 2 [G2], Equia Forte [EF])
foram preparados e armazenados em dgua destilada. As medicOes de cor foram realizadas (3x/disco) com um
espectrofotébmetro de reflectdncia em 5 tempos experimentais: imediatamente apds o preparo; apos 1 hora (1h), 1
dia (1d), 1 semana (1s) e 3 meses (3m). Os dados foram analisados usando ANOVA de medidas repetidas de dois
fatores com teste de Tukey (o= 0,05). Resultados: Apds 3 meses todos os CIVs apresentaram AEOQO perceptivel,
com MX e RSC exibindo os maiores valores. EF consistentemente apresentou AEOO aceitavel (p < 0,05). MX e
RSC apresentaram a maior TP apds 1h e ao longo do tempo (p < 0,05). G2, RSC, G9 e VR apresentaram seus
maiores valores de TP em 1s e 3m, sem diferencas entre esses tempos (p > 0,05). IZ apresentou a maior TP em
1d e 1s, e o maior TP de EF foi em 3m. Conclusdo: Os CIVs apresentaram alteracOes de cor perceptiveis com
translucidez instavel. EF manteve uma alteracdo de cor aceitdvel.
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INTRODUCTION

Glass ionomer cement (GIC) is a widely used
restorative material in dentistry, particularly for
the treatment of non-carious cervical lesions
(NCCL) [1-5] and root caries [6,7]. It stands out
due to its benefits, including fluoride release [8],
biocompatibility [9], and chemical adhesion [10],
which are essential characteristics for restorative
materials, especially in older adults [7].

With the population aging [11], the older
adults require more support regarding the
maintenance of oral health. According to the
literature [7], restorative materials for older
populations must promote remineralization and
have adhesive proprieties. Moreover, studies
indicate that the retention rates of GICs, especially
resin modified GICS (rmGICs), in NCCLs are
comparable to or even superior to those of resin-
based composites [1,2]. Also, aged dentin treated
with GIC has shown less microleakage when
compared to young dentin [12]. Therefore, GIC
should be a material of choice for restoring NCCL
in older adults [5].

However, despite their clinical advantages,
GICs may be underused due to their esthetic
limitations when compared to resin composites.
Resin-modified GIC is preferred when esthetics
are a concern, as it provides improved color
matching and faster setting time, mainly due to
its resin components, including inorganic fillers
and photoinitiators; while conventional GIC is
recommended for patients with xerostomia or
those at high risk of caries due to its sustained
fluoride release, which provides effective
control of caries lesion, making it suitable for
both routine clinical care and functionally
dependent patients [5,7]. Additionally, GIC is
an appropriate option for treating root caries in
elderly individuals [6], a population at increased
risk for such lesions [13-16] due to reduced
salivary flow [17] and gingival recession [18],
which are common in this age group. Although
GIC has lower mechanical proprieties compared
to other materials [19], these proprieties are
adequate for older adults who typically do not
exert high occlusal forces [7].

Esthetic considerations also play an important
role in restorative dentistry for older adults.
Research shows that individuals entering their 60s
place significant value on dental aesthetics [20].
Another study conducted on 75-year-olds
demonstrated that dental appearance remains a
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priority, influencing how elderly individuals are
perceived socially and professionally [21]. As
such, a restorative material must not only have
satisfactory mechanical properties but also meet
esthetic demands, which can contribute to the
well-being and quality of life of older adults.

A restoration is considered aesthetically
appropriate when it accurately reproduces
the optical properties of the natural tooth
structure [22], with color and translucency
playing an important role in achieving this
outcome [23]. However, GIC undergoes color
and translucency changes over time [24] due
to water sorption and solubility within the oral
cavity [25,26], which can vary across brands.
While GICS may have lower abrasion resistance
and inferior mechanical properties compared to
composite resin [27], they offer advantages such
as reduced chair time [2], lower costs [3], and a
lower risk of restoration loss in NCCLs [5].

Thus, understanding the optical properties
of GICs is crucial for predicting color and
translucency changes over time, especially for
treatments in esthetically affected areas, such
as root caries, or NCCLs in older adults anterior
teeth. Therefore, this study aimed to evaluate
the color change (AE00) and translucency
(TP) of commercially available conventional
restorative GICs and resin-modified GICs over
three months. The hypothesis was: GICs analyzed
in this study presented color and translucency
change, affecting color selection and aesthetics
of restorations.

MATERIAL AND METHODS

Specimen preparation

Discs were prepared using commercially
available GICs: 5 conventional restorative
and 2 resin-modified (n = 5) (Table I). The
sample size was based on a previous similar
study [28]. The GIC discs were prepared using a
metal mold measuring 15 mm in diameter and
2 mm in height. Each material was manipulated
according to the manufacturer’s instructions for
use. Subsequently, the material was inserted
into the mold to fill it, using a Centrix syringe
to minimize the inclusion of voids and bubbles.
Two glass plates were pressed against each other
with the mold in between to ensure compression
and uniformity of the material in the mold. The
resin-modified materials were light cured from
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Table I - GICS investigated in this study

Group Product

Conventional lon-Z
(FGM, Joinville, SC, Brazil) (A3)
Maxxion R
(FGM, Joinville, SC, Brazil) (A3)
Vidrion R
(SS White, Rio de Janeiro, RJ, Brasil) (A3,5)
GC Gold Label 9 R
(GC Corporation, Téquio, MT, Jap&o) (A3,5)
Riva Self Cure
(SDI, Melbourne, VIC, Australia) (A3)
GC Gold Label 2 LCR
(GC Corporation, Téquio, MT, Japao) (A3)

Resin-modified

Equia Forte
(GC Corporation, Téquio, MT, Jap&o) (A2)

Analysis of color change and translucency of glass ionomer
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Code Composition
1Z FASV, AP e TA
MX FASV e AP
VR Sodium Fluorosilicate, Calcium, aluminum, barium
sulfate, AP and pigments.
G9 FASYV, AP and polybasic carboxylic acid.
RSC FASV, AP and TA
G2 FASV, AP and distilled water
ER FASV, AP, pigments, distilled water and polybasic

carboxylic acid.

Abbreviations: AP: polyacrylic acid; TA: tartaric acid; FASV: fluoraluminosilicate glass.

the top surface through the glass plate for the
time recommended by the manufacturer (Valo,
Ultradent Product Inc, South Jordan, USA), with
the radiance being checked by a radiometer
(Ecel RD-7, Ribeiréo Preto, Brasil), while for the
conventional materials, the initial setting was
awaited and the GIC discs were removed from
the mold.

Analysis of color change and translucency

Ten minutes after light curing or initial
setting, all specimens’ color was measured using
a light spectrophotometer (CM-3700A, Konica
Minolta, Kojimachi, Tokyo). The light source
was provided by a wavelength range of 360 nm
to 740 nm, standard illuminant D65, a 10-degree
standard observer, and a black background.
The color and translucency were obtained
according to the CIEDE 2000 parameters L*, C*
and h°, and for whiteness evaluation, the L*,
a* and b* coordinates were used. L* stands for
lightness, a* stands for red/green coordinate,
b* for yellow/blue coordinate, C* for chroma
coordinate (distance for the lightness axis), and
h° for the hue angle, in degrees. Each specimen
was measured three times and the average initial
color and translucency values were obtained. The
specimens were stored in distilled water (10 mL
per specimen) at 37 °C. The same procedure was
performed at 4 experimental intervals: 1 hour
(1h), 1 day (1d), 1 week (1w), and 3 months
(3m). These intervals were selected to simulate
the progression of color and translucency changes

Braz Dent Sci 2025 Apr/Jun;28 (2): e4618

as the sorption and solubility dynamics evolve
in the oral environment, considering initial and
final setting, and aging. Specimens were removed
from the water before each measurement, and the
excess water was removed using absorbent paper.
The mean value of the 3 readings performed at
each experimental time was considered for the
statistical analyses.

The color change (AE00) was calculated
according to the equation: AEOO = [(AL/KLSL)2 +
(AC/kCSC]2 + (AH/kHSH)2 + RT (AC*AH/
SC*SH)]1/2 [29] considering the initial time (10
minutes after photoactivation or initial setting),
and experimental time intervals. Color changes
were considered according to the previously
reported visual perceptibility and acceptability
thresholds for evaluation of the clinical relevance
of the results. Perceptibility indicates that values
above 0.81, according to CIEDEOQO, are visually
perceptible to the human eye. Values between
0.81 and 1.77 indicate that the color change is
visually perceptible and considered acceptable, and
values above 1.77 indicate that the color change
is visually perceptible and unacceptable [30]. The
translucency (TP), was obtained by calculating the
color difference against a white background and
against a black background in each experimental
time interval [30].

Statistical analyses

Two-way repeated-measures ANOVA and
Tukey tests were applied for all performed tests.
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A significance level of 5% was considered for all
the tests. The statistical analyses were performed
using the Jamovi software version 2.3.28.0 (The
Jamovi Project, Sydney, Australia).

RESULTS

AEO0O0 analysis

Figure 1 presents AEQO values for different
GICs at different experimental times. In the
first hour, there was no statistically significant
difference in AE between the GICs studied (p >
0.05). On the first day, MX (6.88 = 1.02) and
IZ (4.55 = 1.46) presented the highest AEOO
values, with no significant difference between
them (p >0.05). After 1 week, MX (7.74 = 1.70)
continued to show the highest color change,
with no statistically significant differences from
I1Z (5.36 + 3.36) and RSC (5.22 + 0.44) (p >
0.05). After 3 months, MX (7.34 + 0.82) and
RSC (6.35 = 0.94) presented the greatest color
changes (p < 0.05).

The analysis of the results obtained at the
experimental times for each material indicated
that IZ, VR, G9, G2, and EF exhibited stable
AE0O0 values (p < 0.05) throughout the 3-month
evaluation period. RSC showed an increase in
AEO0O (p < 0.05) between the first day and 1 week
(Figure 1). MX increased between 1 hour (3.82 =
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1.59) and 1 day (6.88 + 1.02) (p < 0.05), and
then stabilized until the final evaluation.

EF was the only material that did not
exhibit unacceptable AEOO values at any of
the experimental times evaluated. I1Z, MX, and
G9 showed AEO0O values that were visually
unacceptable during all the experimental times.
G2 presented visually unacceptable AEOO at
the 1-week and 3-month assessments. VR only
showed a visually acceptable color change in the
first week, presenting unacceptable color changes
at the remaining experimental times.

Resin-modified GICs’ color remained
stable (p > 0.05) throughout the assessment
period, as shown in Table II. There were no
significant differences in conventional GICs
between 1 week (4.51 = 3.07) and 3 months
(3.14 = 3.88) or between 1 day (2.72 * 2.8) and
3 months, but there were significant differences
between the other studied periods. There was a
significant difference between resin-modified and
conventional GICs only on the first day (Table II).

TP analysis

Table III shows the translucency at different
experimental times. After 1 hour, MX (0.79 =
0.09) and RSC (0.90 *= 0.10) showed the highest
TP values. After 1 day, MX (7.97 = 0.49)
continued to exhibit the highest TP mean,
followed by RSC (3.7 = 0.14) (p < 0.05). After 1
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5
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Figure 1 - Mean and standard deviation of AE of GICs studied at different times. *Different capital letters indicate statistical difference
(p<0.05) between materials, and lowercase letters indicate statistical difference (p<0.05) between experimental times. *Baseline: 10
minutes; Legend: IZ — lon-Z, MX — Maxxion R, VR — Vidrion R, G9 — GC Gold Label 9 R, RV - Riva Self Cure, G2 — GC Gold Label 2 LC R,

EF — Equia Forte.

4
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Table Il - Mean and standard deviation of AEQO of conventional and modified GIC at different times

2.43(1.68)
0.76(0.54)%=

Conventional

Resin-modified

3.68(2.1)1be
1.26(0.66)5

4.56(2.71)%
1.84(1.15)

4.25(2.3)h
2.23(0.75)%

Different capital letters indicate statistical difference (p<0.05) between conventional and resin-modified glass ionomer cements, and
lowercase letters indicate statistical difference (p<0.05) between experimental times.

Table Il - Mean and standard deviation of TP of GICs in different times

1z 0.21 (0.10)® 2.26 (0.21)<P2 2.64 (0.15)< 1.57 (0.14)%=
MX 0.79 (0.09)" 7.97 (0.49)" 5.63 (0.09)" 4.96 (0.75)"%
VR 0.58 (0.05) 1.86 (0.12)™ 3.07 (0.47)< 2.52 (1.63)8¢b
G9 0.43 (0.04)5c 1.74 (0.08)°E0 2.79 (0.06)< 2.61 (0.94)8ceb
RSC 0.90 (0.10) 3.7 (0.14)% 6.15 (0.15)% 7.32 (0.72)
EF 0.08 (0.03)c 1.12 (0.24)% 1.43 (0.05)>® 3.79 (0.95)8
G2 0.18 (0.07)< 2.66 (0.31)% 3.86 (0.22) 3.15 (0.89)8cp

Different capital letters indicate statistical difference (p<0.05) between materials, and lowercase letters indicate statistical difference

(p<0.05) between experimental times.

week, EF (1.12 = 0.24) presented the lowest TP
value, while MX and RSC presented the highest
values. MX (4.96 = 0.75). RSC (7.32 = 0.72)
were the materials that presented the highest TP
values after 3 months. MX reached its peak value
after 1 day (Table III).

G2, RSC, G9 and VR presented their highest
TPs at the 1-week and 3-month evaluations, with no
significant difference between these experimental
times (p > 0.05). TP values for IZ increased from
1 hour to 1 day and then remained stable. MX
presented an important increase from 1 hour
(0.79 £+ 0.09) to 1 day (7.97 * 0.49), decreased
from 1 day to 1 week (5.63 = 0.09), and then
stabilized thereafter. EF values did not significantly
differ from 1 day (1.12 = 0.24) to 1 week (1.43 =
0.05) and increased at 3 months (3.79 + 0.95). All
GICs showed an increase in TP from 1 hour to 3
months, except for IZ, which showed no difference
at 3 months but still showed increases at 1 day and
1 week compared to the 1-hour assessment.

DISCUSSION

It is expected that the color of a restorative
material will be stable from its initial setting
throughout its lifetime. Based on the results
of this study, it was observed that different
GICs exhibited varying behaviors in terms of

color change and translucency, highlighting
the difficulty in achieving predictable aesthetic
outcomes with these materials.

Among the GICs studied, Equia Forte was the
most stable material in terms of color change and
acceptable color throughout the experimental
period; even though it exhibited translucency
alterations. Vidrion R, Gold Label 2, and Gold
Label 9 also demonstrated some color stability.
These findings suggest that these materials
may meet the esthetic expectations of older
adults, for whom natural appearance [20] in
restorations are of great importance. Conversely,
Riva Self Cure and Maxxion R exhibited the
most pronounced color changes and highest
translucency values at 3 months, indicating
limited esthetic predictability. Ion Z, Maxxion R,
and Gold Label 9 showed visually unacceptable
color changes at all time points, underscoring
the difficulty in maintaining shade stability with
many GICs currently available.

None of the GICs showed translucency
stability across all experimental time points.
Therefore, according to the results, the hypothesis
was partially accepted, as color and translucency
changes were observed for all the analyzed GICs
in the long term, except for EF, which presented
color change considered acceptable.
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All materials exhibited increased translucency
over time, which was especially notable for
Maxxion R and Riva Self Cure. The incorporation
and loss of water is a major fact influencing GIC
translucency. These findings are consistent with
the understanding that water incorporation is
a key factor influencing translucency in GICs.
Water acts as a solvent for polyacrylic acid
and facilitates the acid-base setting reaction
but also interacts with the cement matrix by
binding to metal ions and filling voids during the
setting reaction [25,26]. The gradual hydrolysis
of Si—-O-Si bonds allows water molecules to
occupy space within the matrix, decreasing light
scattering and increasing translucency [25,26].
This process continues over time with material
exposure to saliva or, in this study, distilled water,
explaining the translucency increase observed
over 3 months. The need to protect restorations
during the early setting stage is therefore crucial.
Preventing the evaporation of unbound water
is essential to avoid surface microfractures and
increased opacity. Finishing glosses, petroleum
jelly, or light-cured coatings, depending on the
material and manufacturer’s instructions, help to
decrease these risks [31].

In esthetic areas, such as root caries and
cervical lesions in anterior teeeth, color and
translucency stability are essential for successful
shade matching and long-term esthetic outcomes.
Carious dentin often presents altered coloration,
which makes color matching more complex.
Studies with composite resins [32,33] have
demonstrated that substrates with discoloration
often require more opaque restorative materials
to achieve proper masking. Vattanaseangsiri et al.
(2022) [34] compared the translucency of a
conventional GIC to that of various resin-based
composites and demonstrated that the GIC had
the highest opacity, and it provided a less natural
aesthetic effect [34]. The study demonstrated
that the GIC showed increased translucency
after simulating a 3-year aging process, but
after 4 to 5 years of aging, the translucency
decreased again [34]. In the present study, this
difference was evaluated for 3 months, and
during this period there was also an increase in
translucency, as previously discussed. While such
an increase may improve esthetic integration
by approximating natural tooth translucency,
long-term stability is even more critical to ensure
predictable outcomes—especially in anterior
teeth of elderly patients [5,6]. showed that
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10-minute delayed light-curing reduced color and
translucency change of a resin-modified GIC while
maintaining the mechanical characteristics [35],
suggesting this protocol could be a valuable
strategy for improving esthetic reliability.

A 72-month clinical study comparing a
RMGIC, Riva Light Cure, and resin composite
for carious cervical lesion found no significant
difference in retention or marginal adaptation
between them, but greater color alteration was
noted for the RMGIC [36]. The RMGIC employed by
those authors [36] is from the same manufacturer
than Riva Self Cure, the conventional GIC with
the worst results in our study. These findings
emphasize that color and translucency instability
can compromise the long-term esthetic outcomes
of GICs in anterior teeth, raising doubts about their
use in highly esthetic zones.

A similar study evaluating translucency in
GICs [28], that compared common materials,
evaluated only 1 week after restoration and the
results differed from those of the present study
in this same experimental time. A hypothesis
for this difference might be the variation in the
specimens’ dimensions [37] because thickness is
an important factor while measuring translucency.
Uchimura et al. [28] analyzed specimens with a
thickness of 1 mm, while in the present study, the
specimens were prepared with a 2-mm thickness.
Furthermore, the use of different equipment for
evaluation can affect the sensitivity of the readings.
In both studies, the samples were stored under
similar conditions.

Some researchers have reached a consensus
that translucency would be of secondary importance
in the evaluation of a GIC, while compressive
strength, microhardness, degradation, and
fluoride release would be considered primary
factors [38]. Nonetheless, it would be interesting
to develop GICs with satisfactory mechanical
properties while maintaining their aesthetic
aspects, considering the growth of the population’s
aesthetic demand [9]. Resin-modified GICs showed
more stable esthetic behavior than conventional
ones, as expected [39], particularly Equia Forte,
which maintained acceptable color stability and is
supported in the literature for having acceptable
mechanical performance within the first six
months [3]. Although Gold Label 2 exhibited
an unacceptable color change after one week,
its behavior stabilized thereafter, and it has also
demonstrated satisfactory mechanical properties
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according to prior studies [38]. Therefore,
these materials appear to be moving towards a
combination of aesthetic and mechanical properties.

Despite the well-defined results of this research,
under controlled aging conditions in distilled water,
its three-month evaluation period represents a
limitation; therefore, a longer follow-up could
provide a greater representation of the color and
translucency behavior of GICs over time. Also, only
a limited range of resin-modified GICs was tested,
and the in-vitro design may not fully replicate the
clinical conditions. All specimens were standardized
at 2 mm to enable consistent comparisons; however,
translucency is thickness-dependent, which may
limit generalization to restorations of different
dimensions. Previous studies by Dinakaran (2014)
and Lima et al. (2018) [40,41] have evaluated
water sorption and solubility of GICs in different
storage solutions, but did not focus on optical
behavior. In clinical practice, external factors such as
exposure to pigmented beverages, tooth brushing,
and pH changes also affect optical properties.
Therefore, future research should include clinically
relevant conditions, such as artificial saliva,
extrinsic pigments, varied thicknesses, and longer
observational periods, to deepen our understanding
of the long-term esthetic performance of GICs.

CONCLUSION

Within the limitations of the current study,
it was concluded that conventional and resin-
modified GICs showed perceptible color changes
after the initial setting, and over time. Additionally,
none of the GICs showed translucency stability
across all the experimental times. Equia Forte was
the only material that showed acceptable color
changes at all experimental times.
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