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Abstract
Purpose The purpose of this study was to evaluate the impact of surface sealants on the stain resistance of restorative mate-
rials exposed to iron syrups.
Methods Sixty specimens were prepared from each of three restorative materials—compomer (Dyract XP), a microhybrid 
composite (Filtek Z250), and a nanohybrid composite (G-aenial Anterior). Specimens were divided into three solution 
groups (n = 20) and immersed in two iron syrups (Ferrum and Ferro Sanol B) and distilled water. Two subgroups, sealed 
(BisCover ( +)) and unsealed (BisCover (–)), were established for each group (n = 10). Color changes between baseline and 
measurements at 4, 8, 24, 48, and 72 h were calculated with CIEDE2000 (ΔE00) metrics. Data were analyzed with 4-factor 
mixed-design ANOVA.
Results The first null hypothesis of this study that the use of surface sealant would not mitigate the restorative materials’ 
susceptibility to staining was rejected: significant differences were found between BisCover ( +) and BisCover (−) groups 
in ΔE00 values for all restorative materials tested in Ferro Sanol B (p < 0.001) and Ferrum (p = 0.002) solutions. The ΔE00 
values in the Ferro Sanol B/BisCover ( +) groups were significantly lower than in Ferrum/BisCover ( +) groups (p = 0.002), 
the second null hypothesis that different forms of iron syrups would not impact the staining resistance of restorative materi-
als was rejected. ΔE00 values were different for each restorative materials tested, the third null hypothesis that the type of 
restorative material would not affect staining resistance was rejected.
Conclusions The application of surface sealant significantly improved the color stability of restorative materials. The content 
of iron syrups was also an important factor affecting color change. Nanohybrid composites seem to be more resistant to the 
staining effects of iron syrups.
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Introduction

Iron is a substantial nutrient for the human body which plays 
a significant role in many metabolic processes, such as elec-
tron transport, oxygen transport and DNA synthesis (Bhat-
tacharya et al. 2016). Iron deficiency is a major and global 
public health problem and is a commonly seen nutritional 
deficiency in the world (Hoffbrand and Herbert 1999). The 
main principles of treatment include nutritional improve-
ment, iron supplementation and enhancing awareness of the 
patient and family (WHO 2016).

Children consume iron supplements usually as drops or 
syrups. Black discoloration on teeth is one of the basic draw-
backs regarding to consume these supplements in addition 
to its undesired metallic taste (Talebi et al. 2012; Young 
et al. 2018). Black discoloration could be due to an insolu-
ble ferric compound generated by a mutual effect between 
iron ions or gingival fluid composition and hydrogen sulfide 
caused by bacteria (Dayan et al. 1983). Pani et al. (2015) 
investigated the staining effect of iron in the ferric form, 
ferrous form and combination of these syrups on primary 
teeth. They stated that both the iron syrup groups exhibited 
significantly higher clinically visible staining in comparison 
to the combination solution group at the end of 72 h. Thus, 
it is important to consider the long-term results when using 
these formulations.
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In the literature, there are few studies in which the stain-
ing effects of pediatric drugs including iron syrup were 
tested on restorative materials (Tuzuner et al. 2017; Yildi-
rim and Uslu 2020). In view of the results of these studies, 
the highest color change values were reported in iron syrups 
which is the acceptability thresholds were exceeded. In our 
previous study, it was suggested that surface sealants can be 
used to minimize the color change related to pediatric liquid 
drugs on restorative materials (Yildirim and Uslu 2020). 
Surface sealants are used to saturate the material surface, as 
well as to correct irregularities, increasing stain-resistance, 
and thus enhancing the esthetic qualities (Brooksbank et al. 
2018).

There have been several studies indicating that the use of 
surface sealants did not change the color stability of com-
posite resins (Aguilar et al. 2012; Catelan et al. 2011; Khalaj 
et al. 2018; Lee and Powers 2007; Lepri and Palma-Dibb 
2014; Zimmerli et al. 2012), whereas some of the studies 
have reported that the surface sealants caused less discol-
oration (Catelan et al. 2017; Dede et al. 2016; Miotti et al. 
2016; Pedroso et al. 2016; Saygi et al. 2015). No study was 
found that investigated the impact of surface sealants on the 
staining resistance of composite resins related to common 
pediatric iron syrups.

In view of the above, the current research aimed to inves-
tigate the effects of sealant agent on color changes by meas-
uring the discoloration of restorative materials after 72 h’ 
exposure to two different forms of iron syrups.

Three null hypotheses were considered: First, that the use 
of surface sealant would not mitigate the restorative materi-
als’ susceptibility to staining; second, that exposure to differ-
ent forms of iron syrups and the duration of exposure would 
not impact the staining resistance of restorative materials; 
and third, that the type of restorative material would not 
affect staining resistance.

Materials and methods

Table 1 presents the characteristics of the materials evalu-
ated in this study. The composite resins were a nanohy-
brid anterior composite resin G-aenial Anterior (AC) and 
a microhybrid posterior composite resin Filtek Z250 (PC). 
The compomer was a Dyract XP. The surface sealant was 
a low-viscosity, light-cured resin surface sealant BisCover 
LV (BC).

Specimen preparation

Using a Teflon ring, 60 disk-shaped specimens (8 mm in 
diameter × 2 mm thick) were obtained from each of the 
materials. A cellulose acetate matrix strip was placed over 
the ring, and it was held between two glass slides, with 1 mm 
thickness to eliminate air entrapment and voids. The manu-
facturer’s instructions were followed in preparing a total 
of 180 samples of restorative materials. To ensure stand-
ardization, A2 color was used in all materials. Specimens 
were prepared by the same operator (SY) to eliminate the 
operator-dependent variables.

The specimens of compomer and composite resins were 
polymerized by applying a light-emitting diode (LED) 
polymerization light (Elipar Free light 2, 1200 mW/cm2, 
3 M ESPE, Ireland) for 20 s to each surface, with the tip of 
the light on the glass slide (1 mm from the specimen) for 
40 s.

After completing the polymerization process, the speci-
mens were polished using aluminum oxide disks (Sof-Lex, 
3 M ESPE, St. Paul, MN, USA) with an electric handpiece, 
at 15,000 rpm for 10 s on each disk (coarse, medium, fine, 
and superfine). All specimens were kept in distilled water 
(Multiplus, ALG, Istanbul, Turkey) at 37 °C for 24 h to com-
plete the polymerization process (Xing et al. 2014).

Specimens in sealed with surface sealant Biscover LV were 
called BisCover ( +) groups. Biscover (−) group was unsealed 
for control. No surface sealant was applied in the Biscover (−) 
groups. Specimens in BisCover + groups, one surface of the 
specimens was conditioned for 15 s with 37% phosphoric acid 

Table 1  Restorative materials used in the present study

Bis-GMA bisphenol A glycidyl methacrylate, Bis-EMA bisphenol-A-ethoxylate glycidyl methacrylate, TEGDMA triethylene glycol dimeth-
acrylate, UDMA urethane dimethacrylate, PENTA dipentaerythritol penta-acrylate

Product Material type Curing Monomer composition Manufacturer

Dyract XP Polyacid modified composite 
resin

Light-cure for 20 seconds Bis-GMA, UDMA, TEG-
DMA,

Dentsply DeTrey, GmbH, 
Germany

Filtek Z250 Microhybrid composite resin Light-cure for 20 seconds Bis-GMA,UDMA,Bis-EMA 3M ESPE, St. Paul, MN, USA
G-aenial Anterior Nanohybrid composite resin Light-cure for 20 seconds UDMA GC Corporation, Tokyo, Japan
BisCover LV Surface sealant agent Light-cure for 30 seconds PENTA Bisco Inc, Schaumburg, IL, 

USA
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gel (Etchant Gel, Prime Dent, Chicago, IL, USA), followed 
by rinsing with an air/water syringe and the specimens were 
gently air-dried. One thin layer of BisCover LV was applied 
over the surface with a micro brush. Then it was allowed 15 s 
dwelling time for evaporation of solvent after application and 
light-cured for 30 s according to manufacturer’s instructions.

Solutions preparation

Ferrum solution (pH: 4.4, ferric polymaltose, Fe +3): 4 ml 
syrup containing of 40 mg Fe +3 was diluated with distilled 
water to make up 250 ml solution.

Ferro Sanol B solution (pH: 2.9, ferrous sulfate, Fe +2): 
10 ml syrup (maximum therapeutic daily dose) containing 
of 40 mg Fe +2 was diluated with distilled water to make up 
250 ml solution (Pani et al. 2015).

Color change measurement

After polishing, the specimens were rinsed and dried with tis-
sue paper, and first color measurements were carried out. They 
were randomly divided into three solution groups (n = 20). 
Distilled water (pH 6.47) was used as the control solution. 
Two subgroups (sealed (BisCover +) and unsealed (BisCover 
−) groups) were established for each group (n = 10). Based 
on data from a previous study (Pani et al. 2015), a minimum 
sample size of 10 specimens per group was calculated using 
the G*Power software program (version 3.1.9.2; power 0.95, 
α = 0.05, β = 0.05).

The spectrophotometer was calibrated with its own calibra-
tion instrument, and measuring was performed at the center of 
each specimen. Whole color measurements were performed 
with the CIEDE2000 color system relative to D65 standard 
illumination against a standard white background using a clini-
cal spectrophotometer (Vita EasyShade Advance 4.0, Ivoclar 
Vivadent, Liechtenstein). Each specimen’s measurement was 
done three times and the average was used. Prior to color 
measurement, any liquid on the specimens was removed, and 
they were lightly rinsed with distilled water and dried with 
tissue paper (ISO 2016).

The color values (L*, c*, h*) of each specimen for each 
immersion period at 4, 8, 24, 48 and 72 h were measured three 
times by placing each specimen onto the measuring head of 
the spectrophotometer using the protocol developed by Lee 
et al. (2008). After measuring each specimen three times, the 
mean values were calculated and recorded. Color changes 
between baseline and measurements made at 4, 8, 24, 48 and 
72 h were calculated. The measurements were performed in 
accordance with the CIEDE2000 (ΔE00) system. ΔE00 was 
calculated using the following formula (Alberton Da Silva 
et al. 2018):

Color differences were evaluated ultimately via compar-
ison with 50:50% perceptibility (PT) and 50:50% accept-
ability (AT) thresholds. A color change value that can 
be visually perceived by 50% of the observers is defined 
as 50:50% PT. The color change value that is clinically 
acceptable for 50% of observers is defined as 50:50% 
AT. The PT (0.81 units) and AT (1.77 units) values for 
CIEDE2000 (1:1:1) were reported from a current study 
(Paravina et al. 2015). 50:50% AT as 1.8 ΔE00, meaning 
that ΔE00 > 1.8 values are considered clinically unaccep-
table color changes.

One specimen for each group was imaged on a scan-
ning electron microscope (SEM; Tescan Vega-3 LMU). 
The acceleration voltage of the cathode was set to 10 kV 
and the working distance to 10 mm.

Statistical analysis

Descriptive statistics were calculated for each variable 
and expressed as “mean ± standard error of mean (SEM).” 
The data were subjected to 4-factor mixed-design ANOVA 
(analysis of variance) using the general linear model pro-
cedure for repeated measurements. The model included 
"iron syrup" (between-subjects), “restorative material” 
(between-subjects), “Biscover” (between-subjects) and 
“time” (within-subjects) as the main effects and all pos-
sible interaction terms. In cases where Mauchley’s test 
revealed that the assumption of sphericity violated, the 
Greenhouse–Geisser procedure was applied to adjust for 
the degrees of freedom. Simple-effect analysis with Bon-
ferroni adjustment was used to eliminate any significant 
interaction of effect terms as post hoc analysis. Statistical 
significance was set to p < 0.05, unless otherwise noted. 
SPSS version 14.01 software was used for the statistical 
analyses.

Results

The mean color changes (ΔE00) and standard deviations of 
all groups are demonstrated in Table 1. The highest change 
was observed in the Ferrum–compomer/biscover (–) group 
at 72 h (4.607 ± 0.414), while the minimum was found 
in the Ferro Sanol B– AC/biscover ( +) (0.263 ± 0.127) 
combination at 4 h.

Table 2 shows the effects of time, iron syrups, restora-
tive materials and biscover on color change. There are 
statistically significant differences between the compomer 
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and AC specimens for Ferro Sanol B solution at 24, 48, 
72 h. In addition, a statistically significant differences were 
found between the PC and AC specimens for Ferro Sanol 
B solution at 48, 72 h. There are statistically significant 
differences between the compomer and AC specimens for 
Ferrum solution at 8, 48, 72 h (Table 3).

Figure 1 illustrates the color changes of all specimens 
exposed to iron syrups and distilled water over time. For 
the compomer and PC specimens, there were statistically 
significant differences between the distilled water and Fer-
rum, Ferro Sanol B solutions at 24,48,72 h. Among AC 
specimens, a statistically significant differences were found 
between the distilled water and Ferrum at 72 h. There were 
statistically significant differences between 4 and 72 h inter-
val in ΔE00 values for all restorative materials tested in all 
solutions (p < 0.001).

There were statistically significant differences between 
biscover ( +) and biscover (–) groups in ΔE00 values for all 
restorative materials tested in Ferro Sanol B (p < 0.001) and 
Ferrum (p = 0.002) solutions. A statistically significant dif-
ferences were observed between distilled water and Ferrum, 
Ferro Sanol B solutions in biscover ( +) groups in all speci-
mens (p < 0.001). Between Ferrum and Ferro Sanol B solu-
tions in biscover ( +) groups in all specimens, a statistically 
significant differences were found (p = 0.002).

Evaluating the rate of color change for iron syrups, dis-
tilled water and all restorative materials in over time, it was 
determined that, for some groups, the ΔE00 values were 
lower than 1.8 (50:50% acceptability threshold value for 

CIEDE2000 (1:1:1) obtained in a recent study carried out 
by Paravina et al. (2015). All the specimens showed accept-
able color change values for distilled water across time inter-
vals except in biscover (–) group at 72 h. At the 4 h-72 h 
intervals, the AC specimens biscover ( +) groups showed 
acceptable color change values for Ferro Sanol B solution.

SEM images of the specimens are shown in Figs. 2, 3, 4. 
SEM images of the specimens revealed that smoother sur-
faces could be obtained by applying a sealant agent espe-
cially in AC specimens than with the unsealed specimens.

Discussion

In the current study, the impact of sealant agent was evalu-
ated on the staining resistance of nanohybrid anterior com-
posites, microhybrid composite resins and compomers, after 
72 h’ exposure to iron syrups. According to these results, the 
first null hypothesis of this study was rejected: significant 
differences were found between sealed and unsealed groups 
in ΔE00 values for all restorative materials tested in iron 
syrups. Because ΔE00 values over time were significantly 
different for each iron syrup, the second null hypothesis that 
different forms of iron syrups would not impact the stain-
ing resistance of restorative materials was rejected. ΔE00 
values were different for each restorative materials tested, 
the third null hypothesis that the type of restorative material 
would not affect staining resistance was rejected. Within our 

Table 2  The mean and standard deviations of ΔE00 values

Time Materials Distilled Water Ferrum Ferro Sanol B

Biscover

( +) (−) ( +) (−) ( +) (−)

Mean ± Std. Err Mean ± Std. Err Mean ± Std. Err Mean ± Std. Err Mean ± Std. Err Mean ± Std. Err

t_4 Compomer 0.725 ± 0.114 0.771 ± 0.164 1.568 ± 0.209 1.773 ± 0.176 0.877 ± 0.05 1.326 ± 0.21
PC 0.626 ± 0.148 0.759 ± 0.181 0.969 ± 0.076 1.569 ± 0.212 0.591 ± 0.056 1.202 ± 0.263
AC 0.434 ± 0.048 0.638 ± 0.113 0.906 ± 0.258 1.336 ± 0.26 0.263 ± 0.127 1.441 ± 0.135

t_8 Compomer 0.64 ± 0.152 0.977 ± 0.165 2.326 ± 0.197 2.417 ± 0.094 1.141 ± 0.226 1.808 ± 0.101
PC 0.925 ± 0.165 1.043 ± 0.092 1.039 ± 0.072 2.06 ± 0.289 0.738 ± 0.164 2.044 ± 0.364
AC 0.902 ± 0.099 1.187 ± 0.112 1.133 ± 0.322 1.278 ± 0.412 1.504 ± 0.224 1.742 ± 0.184

t_24 Compomer 1.204 ± 0.132 1.3 ± 0.142 3.008 ± 0.156 3.162 ± 0.123 2.958 ± 0.314 3.825 ± 0.053
PC 1.253 ± 0.228 1.315 ± 0.192 2.901 ± 0.334 3.118 ± 0.328 1.56 ± 0.58 3.535 ± 0.23
AC 1.089 ± 0.206 1.576 ± 0.156 1.836 ± 0.391 2.892 ± 0.633 1.674 ± 0.535 2.063 ± 0.223

t_48 Compomer 1.441 ± 0.183 1.569 ± 0.129 3.937 ± 0.658 4.046 ± 0.328 3.439 ± 0.443 4.397 ± 0.131
PC 1.438 ± 0.163 1.663 ± 0.117 3.039 ± 0.324 3.126 ± 0.605 2.907 ± 0.422 3.263 ± 0.286
AC 1.53 ± 0.106 1.556 ± 0.109 1.736 ± 0.479 3.047 ± 0.259 1 ± 0.296 2.32 ± 0.305

t_72 Compomer 1.752 ± 0.192 2.069 ± 0.177 4.373 ± 0.631 4.607 ± 0.414 3.483 ± 0.103 4.261 ± 0.338
PC 1.96 ± 0.149 2.112 ± 0.148 3.56 ± 0.47 3.87 ± 0.585 3.232 ± 0.232 3.371 ± 0.374
AC 1.758 ± 0.219 1.953 ± 0.15 2.346 ± 0.434 3.713 ± 0.519 1.75 ± 0.108 2.492 ± 0.3
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Table 3  Effects of time, iron syrups, restorative materials and surface sealant on color stability

Tests of within-subjects effects

Effect SS df MS F p

Time 233.443 3.497 66.755 156.597  <0 .001
Time✻IRON SYRUP 

(IS)
21.395 6.994 3.059 7.176  < 0.001

Time✻BISCOVER 0.331 3.497 0.095 0.222 0.906
Time✻RESTORATİVE 

MATERIAL(RM)
12.811 6.994 1.832 4.297  < 0.001

Time✻IS✻BISCOVER 1.145 6.994 0.164 0.384 0.911
Time✻IS✻RM 15.510 13.988 1.109 2.601 0.002

Pairwise comparisons

Time IS RM vs RM

t_24 Ferro Sanol B Compomer – AC  < 0.001
t_48 Ferro Sanol B Compomer – AC  < 0.001
t_48 Ferro Sanol B PC – AC  < 0.001
t_72 Ferro Sanol B Compomer – AC  < 0.001
t_72 Ferro Sanol B PC – AC 0.032
Time IS RM vs RM
t_8 Ferrum Compomer – AC 0.039
t_48 Ferrum Compomer – AC  < 0.001
t_72 Ferrum Compomer – AC  < 0.001
Time RM IS vs IS
t_8 Compomer DW – Ferrum  < 0.001
t_24 Compomer DW – Ferrum  < 0.001
t_24 Compomer DW – Ferro sanol B  < 0.001
t_48 Compomer DW – Ferrum  < 0.001
t_48 Compomer DW – Ferro sanol B  < 0.001
t_72 Compomer DW – Ferrum  < 0.001
t_72 Compomer DW – Ferro sanol B  < 0.001
Time RM IS vs IS
t_24 PC DW – Ferrum  < 0.001
t_24 PC DW – Ferro sanol B 0.011
t_48 PC DW – Ferrum  < 0.001
t_48 PC DW – Ferro sanol B  < 0.001
t_72 PC DW – Ferrum  < 0.001
t_72 PC DW – Ferro sanol B 0.011
Time RM IS vs IS
t_72 AC DW - Ferrum 0.035
IS RM Time vs Time
DW Compomer 4 – 72 0.019
DW Compomer 8 – 72 0.042
IS RT Time vs Time
Ferro Sanol B Compomer 4 – 24  < 0.001
Ferro Sanol B Compomer 4 – 48  < 0.001
Ferro Sanol B Compomer 4 – 72  < 0.001
Ferro Sanol B Compomer 8 – 24  < 0.001
Ferro Sanol B Compomer 8 – 48  < 0.001
Ferro Sanol B Compomer 8 – 72  < 0.001
IS RM Time vs Time
Ferrum Compomer 4 – 24  < 0.001
Ferrum Compomer 4 – 48  < 0.001
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Table 3  (continued)

Pairwise comparisons

Time IS RM vs RM

Ferrum Compomer 4 – 72  < 0.001
Ferrum Compomer 8 – 48  < 0.001
Ferrum Compomer 8 – 72  < 0.001
Ferrum Compomer 24 – 72  < 0.001
IS RM Time vs Time
DW PC 4 - 72 0.001
IS RM Time vs Time
Ferro Sanol B PC 4 – 24  < 0.001
Ferro Sanol B PC 4 – 48  < 0.001
Ferro Sanol B PC 4 – 72  < 0.001
Ferro Sanol B PC 8 – 24 0.021
Ferro Sanol B PC 8 – 48  < 0.001
Ferro Sanol B PC 8 – 72  < 0.001
IS RM Time vs Time ptukey

Ferrum PC 4 – 24  < .001
Ferrum PC 4 – 48  < .001
Ferrum PC 4 – 72  < .001
Ferrum PC 8 – 24  < .001
Ferrum PC 8 – 48  < .001
Ferrum PC 8 – 72  < .001
IS RM Time vs Time
DW AC 4 - 72 0.002
IS RM Time vs Time
Ferro Sanol B AC 4 - 72 0.004
IS RM Time vs Time
Ferrum AC 4 – 24 0.006
Ferrum AC 4 – 48 0.004
Ferrum AC 4 – 72  < 0.001
Ferrum AC 8 – 24 0.020
Ferrum AC 8 – 48 0.014
Ferrum AC 8 – 72  < 0.001
Time ✻ BISCOVER 
✻ RM

4.222 6.994 0.604 1.416 0.199

Time ✻ IS ✻ BIS-
COVER ✻ RM

7.527 13.988 0.538 1.262 0.231

Residual (Within sub-
jects factors)

107.332 251.786 0.426

Tests of Between-Subjects Effects

Effect SS df MS F p

IS 132.269 2 66.135 114.408  < 0.001
BISCOVER 27.184 1 27.184 47.027  < 0.001
RM 40.694 2 20.347 35.199  < 0.001
IS ✻ BISCOVER 6.993 2 3.497 6.049 0.004
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knowledge, this is the first study to investigate the effective-
ness of surface sealant, which is applied to prevent discol-
oration related to iron syrups on restorative materials.

The rise in aesthetic expectations has caused the use 
of various restorative materials, resulting in an expand-
ing diversity of dental materials used in clinical practice. 
Although there have been improvements in chemical for-
mulations of the composite resins, the discoloration is still 
a commonly seen reason for the replacement of resin-based 
restorations (Eltahlah et al. 2018). It was reported that the 
extrinsic color change in deciduous teeth may negatively 
affect the social development of children in the pre-school 
period (Kumar et al. 2012). Other problems may arise as 
well, such as increased frequency of dental visits due to 
the need to replace restorations, increased cost of replacing 
restorations, and worsening behavior management/dental 
anxiety (Babu et al. 2008; Tupalli et al. 2014). Since dental 
treatments are costly and time-consuming processes, they 
should ideally last a long time. The crucial step in over-
coming problems associated with exposure to medications 
may be surface sealants. The results of this study revealed 
significant differences between BC ( +) and BC (–) groups 
in ΔE00 values for all restorative materials tested in Ferro 
Sanol B and Ferrum solutions. ΔE00 was found to be consist-
ently lower in BC ( +) groups. Parallel with our results, some 
of the studies have shown that the sealant agents positively 
influenced the color stability of composite resin specimens 
(Catelan et al. 2017; Dede et al. 2016; Miotti et al. 2016; 
Pedroso et al. 2016; Saygi et al. 2015). Discoloration of 
composite resins is affected notably by surface roughness 

(Lu et al. 2005). Applying sealant agent might improve stain 
resistance by reducing surface irregularities and ensuring 
surface smoothness.

The CIELAB color difference system is most commonly 
used in dentistry, but since 2001, CIEDE2000 (ΔE00), a new 
color difference system, has been suggested by the Interna-
tional Commission on Illumination (CIE). This system is 
benefitted from the concepts of hue and chroma, empha-
sizing the original concepts exhibited by Munsell (CIE 
2004). In 2013, this formula was accepted as the standard 
for detecting color differences. In this formula, the number 
of parameters used was increased, and calculations became 
more complicated when compared to the CIELAB formula. 
Since color perception varies according to backgrounds with 
different brightness levels, this change in color perception 
was incorporated into the formula. The previous formula 
basically measured the distance between two points in the 
space, whereas the addition of SL to the formula of CIE2000 
had the effect of including brightness in the calculation and 
seems to propose developments in the CIELAB formula, 
referring to improved clinical relevance (Lindon et al. 2000). 
Therefore, in the present study, ΔE00 was used to evaluate 
the color stability of restorative materials.

The detection of color change is based mainly on vis-
ibly perceptible changes in color values of an object and 
assessing the amount of color change that affects the aes-
thetic appearance (Khashayar et al. 2014). Perceptibility 
threshold (PT) and acceptability threshold (AT) define 
the extent of differences and serve as a control to assess 
the success of dental materials and to interpret visual and 

Table 3  (continued)

Pairwise comparisons*

IS BISCOVER BISCOVER

Ferro Sanol B POS – NEG  < 0.001
Ferrum POS – NEG 0.002

BISCOVER IS – IS
POS DW – Ferrum  < 0.001
POS DW – Ferro Sanol B  < 0.001
POS Ferrum – Ferro Sanol B 0.002
NEG DW – Ferrum  < 0.001
NEG DW – Ferro Sanol B  < 0.001

IS ✻ RM 21.548 4 5.387 9.319  < 0.001
BISCOVER ✻ RM 1.293 2 0.646 1.118 0.332
IS ✻ BISCOVER ✻ 

RM
2.020 4 0.505 0.873 0.484

Residual (Between 
subjects factors)

41.620 72 0.578

SS Sum of Squares, df degrees of freedom, MS Mean Square
*Only statistically significant effects were included
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instrumental findings, as reported by Paravina et al. (2015). 
A color change value that can be visually perceived by 50% 
of the observers is defined as 50:50% PT. The color change 
value that is clinically acceptable for 50% of observers is 
defined as 50:50% AT (Khashayar et al. 2014; Paravina 
et al. 2015). As a result, ΔE which is less than or equal 
to AT is an agreeable match in dentistry. CIEDE2000 
reported 50:50% AT as 1.8 ΔE00, meaning that ΔE00 > 1.8 
values are considered clinically unacceptable color changes 
(Paravina et al. 2015). When the investigation of the color 
change rates for the solutions and materials for the whole 
periods, ΔE00 values were lower than 1.8 for distilled water 
across time intervals except in BC (−) group at 72 h. At the 
4 h-72 h intervals, the AC specimens in the BC ( +) groups 
showed acceptable color change values for Ferro Sanol B 
solution. In this aspect, AC specimens yielded the highest 
color stability; this result can be explained by the mate-
rial’s composition, as it includes urethane dimethacrylate 
(UDMA), dimethacrylate comonomers and is Bis-GMA 
free. However, compomer and PC specimens includes Bis-
GMA (bisphenol-A-glycidylmethacrylate). Khokhar et al. ( 
1991) reported that staining resistance was directly related 
to the resin phase of materials and that UDMA was more 
stain resistant than Bis-GMA or TEGDMA (tri- ethylene 

glycol dimethacrylate). Furthermore, restorative materials 
without TEGDMA have been stated to have a lower color 
stability in comparison to those containing this monomer. 
Water absorption is increased by TEGDMA which could 
move pigments causing material discoloration. TEGDMA 
enhances water absorption, which could move pigments 
causing material discoloration (Barutcigil and Yildiz 2012; 
Catelan et al. 2011). These arguments could explain high 
ΔE00 values exhibited by compomer specimens contain-
ing TEGDMA. Additionally, Sarac et al. (Sarac et al. 2006) 
stated that the nanohybrid composite resins with surface 
sealant (BC) exhibited significantly lower color change val-
ues than microhybrid composites. This outcome was referred 
not only to high density nanohybrid composites resulting in 
smoother surfaces but also to capability of the surface seal-
ant filling out the defects and fissures on composite materials 
via capillary action.

In the present study, ferrous sulfate (Ferro Sanol B) and 
ferric polymaltose (Ferrum) were preferred, because they are 
among the most frequently prescribed iron syrups, accord-
ing to data obtained from the Turkish Medicines and Medical 
Devices Agency. It has been stated that low dose iron in the 
ferrous fumarate generates less tooth discoloration than syrups 
(Christofides et al. 2006), whereas this low-dose formula do not 

Fig. 1  Color changes of restorative materials in solutions
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Fig. 2  Scanning electron microscopy micrographs of the specimens (× 6000) in Ferro Sanol B groups. a AC/ BC ( +), b PC/ BC ( +), c: Com-
pomer/ BC ( +), d: AC/ BC (−), e: PC/ BC (−), f: Compomer/ BC (−)

Fig. 3  Scanning electron microscopy micrographs of the specimens (× 6000) in Ferrum groups. a AC/ BC ( +), b: PC/ BC ( +), c: Compomer/ 
BC ( +), d: AC/ BC (−), e: PC/ BC (−), f: Compomer/ BC (−)
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contain enough iron to combat anemia. (Griffin et al. 1999) This 
results in syrups with high-dose iron, such as ferrous sulfate, to 
be prescribed more often to help preventing anemia. (Rao and 
Georgieff 2009) Pani et al. (2015) showed the ferric polymaltose 
had significantly higher ΔE than ferrrous fumarate on primary 
teeth at the end of 72 h in their study. Similarly, it was observed 
that between Ferrum and Ferro Sanol B solutions in BC ( +) 
groups, the ferrous sulfate had significantly lower ΔE00 than fer-
ric polymaltose in all restorative materials. This might be caused 
by the rapid chemical interaction of the insoluble ferric form in 
comparison to the ferrous form of iron (Christofides et al. 2006).

The level of discoloration is directly related to the dura-
tion of its contact with restorative materials and teeth. Drop-
lets or oral liquid could cause discoloration of teeth. There-
fore, combining iron syrups with liquids such as water, fruit 
juice and drinking with a straw or dropping on posterior 
parts of the tongue could prevent discoloration. Toothbrush-
ing has a positive impact on reducing staining rate before 
consuming the mentioning supplements (Miguel et al. 1997).

Specific limitations of this study should be taken into 
consideration when interpreting our results. In the oral 
environment, restorative materials are constantly exposed 
to coloring ingredients from food and beverages, and they 
are immersed in saliva. This study attempted to mimic the 
oral environment, and iron solutions were diluted in distilled 
water. Clinically, this dilution occurs in saliva, whose special 

properties include the presence of enzymes, specific pro-
teins, and ions that may affect the color stability of restora-
tive materials. Additionally, toothbrushing should also be 
taken into consideration. Further studies need to be sup-
ported by in vitro study designs investigating the effect of 
different types of sealant agents on restorative materials and 
enamel topography to prevent staining related to iron syrups.

Conclusions

• Application of surface sealant significantly improved the 
staining resistance of aesthetic restorative materials

• Nanohybrid AC seem to be more resistant to the staining 
effects of iron syrups formulations.

• Compomers yielded significant color change values when 
exposed to commonly used iron syrups.

• The content of iron syrup is important to color change. 
The discoloration effect of drug solutions on restorative 
materials depends on the composition of the material, 
iron syrups and exposure time.

• Further studies should be supported with in vivo study 
designs to evaluate the effects of iron syrups and surface 
sealants on restorative materials used in pediatric den-
tistry.

Fig. 4  Scanning electron microscopy micrographs of the specimens (× 6000) in Distilled Water groups. a AC/ BC ( +), b PC/ BC ( +), c Com-
pomer/ BC ( +), d AC/ BC (−), e: PC/ BC (−), f: Compomer/ BC (−)
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