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Aim: To investigate the effect of immediate versus one week later loading time on color stability of resin-based composite (RBC),
resin-modified glass ionomer cement (RMGIC) and glass ionomer cement (GIC) restorative materials bonded to silver diamine
fluoride (SDF)-treated demineralized dentin.
Materials and Methods: Ninety extracted premolars were randomly assigned to the following groups (n = 30 each): group-I (loaded
with RBCs), group-II (loaded with RMGIC), and group-III (loaded with GIC). Each group was divided randomly into the following
subgroups (n = 10): subgroup-A (control specimens) consisted of sound dentin and the restorative material was immediately loaded;
subgroup-B consisted of demineralized dentin, underwent a SDF treatment and the restorative material was immediately loaded;
subgroup-C consisted of demineralized dentin, underwent a SDF treatment and the restorative material was loaded 1 week later. The
color difference (ΔE) and visual color changes (L*a*b*) of each specimen were calculated using a spectrophotometer. Data were
analyzed using one-way ANOVA and post hoc Tukey’s tests to compare the ΔE values and a paired t test to compare the mean of L* a*
b* coordinates.
Results: The highest color stability was observed for GIC, followed by RMGIC, and the lowest color stability was observed for the
RBC group. Significant differences within groups were noted in RBC and RMGIC (p < 0.001). Regarding the loading time of the
restorative material, in RBCs, a significantly lower ΔE value was observed in the delayed loading group than in the immediate loading
group (p = 0.035). In the RMGIC and GIC groups, there were no significant differences.
Conclusion: Delaying the loading time of the restorative material for 1 week following the application of SDF resulted in greater
color stability than that of immediate loading. The caries arresting potential of SDF was revealed by the dark staining, which could be
improved with the subsequent delayed restoration.
Keywords: silver diamine fluoride, restorative materials, color stability

Introduction
Over the last century, the significance of preserving natural tooth structure and biological adaptation to dental caries
management has led to the evolution and recognition of dental treatments that involve maximum interception and are
minimally invasive.1 One such approach is the phenomenon of arresting dental caries with silver diamine fluoride (SDF)
by utilizing its profound bactericidal property, which was first introduced by Nishino et al in 1969.2 The use of SDF in
arresting dental caries, particularly in primary dentition3–5 and root surface caries in permanent dentition6–10 has shown
promising results in several randomized clinical trials and systematic reviews. Recent advancements with the use of SDF
along with the atraumatic restorative treatment or Hall technique, also known as silver-modified atraumatic restorative
treatment (SMART) restoration, stops the progression of dental caries due to the sealed carious lesion.11,12

One of the greatest drawbacks of the clinical application of SDF is the discoloration it imparts to the arrested carious
lesion.13 The formation of various silver compounds, such as silver phosphate precipitate, silver chloride and silver
thiocyanate, following SDF application has been examined as the cause of discoloration.14 Clinicians consider this
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treatment not so widely accepted by parents and patients for aesthetic reasons.13 However, it has been proposed that
educating clinicians of its use and gaining informed consent from parents by showing photographs of the resultant
staining, particularly for younger children and preferably in posterior teeth, may be beneficial.13 Moreover, during the
COVID-19 pandemic, it may become standard to use SDF applications, as they provide an important means of minimum
intervention dentistry and a nonaerosol-producing adjunct to caries management.15

The effectiveness of topical SDF application has been attributed to the ability of the silver component to result in dentin
sclerosis, the silver nitrate component that has germicidal properties and the well-established remineralizing potential of
fluoride.14,16 As SDF has been advocated to be an effective cariostatic agent and diagnostic indicator17 that is cost-effective
and simple to use, many researchers have tried to explore ways to minimize discoloration. The use of various concentrations
of potassium iodide following SDF application showed a reduction in black staining in several studies.18–20 However, the
application of potassium iodide with SDF has been reported to reduce the anticaries effect of SDF.17,20

The best approach of caries management is to identify risk factors in the early stages and stabilize the oral
environment, allowing remineralization, followed by placement of minimal permanent restorations, if required as
a result of cavitation.21 Arresting and reversing an initial carious lesion along with adequate alterations to lifestyle and
behavioral risk factors should be the most prudent treatment option before committing to restorative procedures.1

Eliminating the cavitation by placing restorations not only removes the protected environment for the plaque to thrive
but also restores tooth function and helps the patient achieve adequate plaque control.22

In aesthetic dentistry, the color stability of tooth-colored dental restorations is one of the most important clinical
parameters for understanding the durability of the treatment.23 A clear-cut value of ΔE < 3.3 is considered to be accepted
as color stability in clinical situations. This means that any increase in the ΔE value greater than 3.3 can be described as
less color stability.24 In an attempt to mask, the permanent staining caused by SDF applications, various tooth-colored
restorative materials and their time of loading following SDF application should be further explored, as they offer
alternative options. The primary aim of the present study was to investigate the effect of an immediate loading time
versus loading one week later on the color stability of resin-based composite (RBC), resin-modified glass ionomer
cement (RMGIC) and glass ionomer cement (GIC) restorative materials bonded to SDF-treated demineralized dentin.
The null hypothesis tested was that SDF treated demineralized dentin did not affect color stability of the restorative
materials with regard to the loading time.

Materials and Methods
This study was approved by the Institutional Review Board and College of Dentistry Research Center (PR 0109) at King
Saud University on July 2020 and was conducted from December 2020 to November 2021.

The sample of this in vitro study consisted of ninety extracted sound (caries-free) premolar teeth, which were
extracted for orthodontic reasons and were collected from dental clinics in Riyadh, Saudi Arabia. Parental informed
consent was obtained prior to premolar teeth extraction. The inclusion criteria of the study were sound (caries-free) teeth.
The exclusion criteria were teeth with carious lesions or restorations. The teeth were cleaned under tap water, placed in
fresh 0.5% chloramine-T and stored at 4–7 °C until use. A simple random sampling technique was used to assign the
teeth randomly into three groups (n=30) as follows: Group I was loaded with RBC (Neo Spectra ST LV; Dentsply Sirona,
Pennsylvania, USA), group II was loaded with RMGIC restorative material (Fuji II LC CAPSULE; GCC, Tokyo, Japan)
and group III was loaded with GIC restorative material (Fuji IX; GCC, Tokyo, Japan). The shade of the three restorative
materials was A1.

Each group was divided randomly into three subgroups (n=10) as follows: subgroup A (control specimens), which
consisted of sound dentin and the restorative material was immediate loaded; subgroup B, which consisted of deminer-
alized dentin, involved a SDF treatment and the restorative material was immediately loaded (immediate); and subgroup
C, which consisted of demineralized dentin, involved a SDF treatment and the restorative material was loaded 1 week
later (delayed).

The occlusal enamel of the teeth was removed using a slow speed cutting machine (IsoMet; Buehler, Illinois, USA).
The dentin surface of the specimens was assessed using a stereomicroscope (SM80; Swift microscope, California, USA)
to ensure that the enamel was completely removed. The specimens in the control subgroup for the three groups were
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loaded immediately with RBC, RMGIC and GIC restorative materials. The specimens in subgroups B and C were
demineralized for 7 days with the pH adjusted to 5.0 at 37 °C as described by Lippert et al.25

The occlusal surface of demineralized dentin specimens in subgroups B and C for the three groups was treated with
an application of one drop of 38% SDF (Advantage Arrest; Elevate Oral Care, Florida, USA) using a microbrush
applicator. The specimens in subgroup B for the three groups were loaded immediately after SDF was dried, and by using
a custom-made mold, it was not necessary to rinse with RBC, RMGIC and GIC (5 mm diameter and 2 mm height). The
specimens were compressed occlusally with a mylar strip to ensure good adaptation. The specimens in subgroup C for
the three groups were treated with SDF similar to subgroup B and then loaded one week later after being stored at 37 °C
in distilled water with RBC, RMGIC and GIC restorative materials similar to those for subgroup B.

The color difference (ΔE value) of each specimen was calculated using the ΔELab equation:24

ΔE ¼ ΔLð Þ
2
þ Δað Þ

2
þ Δbð Þ

2
h i1=2

A ΔE value >3.3 was considered significant.25 The ΔE value of the specimens in subgroup A for all groups was measured
twice after 1 day (T1) and then after 7 days (T7) for RBC, RMGIC and GIC bonded to sound dentin at the center of the
occlusal surface of the restoration after being maintained in distilled water at 37 °C. The ΔE values were recorded using
a spectrophotometer device relative to the standard D65 (LabScan XE; Virginia, USA) and recorded in a three-
dimensional CIELAB color space system (frequently denoted as L*a*b*) as follows: (L*) represents brightness ranging
from dark (0) to bright (100), (a*) describes red (+1 to +100) or green (−1 to −100), and (b*) represents yellow (+1 to
+100) or blue (−1 to −100). The ΔE values were repeated three times for each specimen at different angles, and the mean
values were recorded.

Similarly, the ΔE values of RBC, RMGIC and GIC bonded to demineralized dentin in subgroups B and C for the three
groups were measured as for subgroup A. Data in this study were analyzed utilizing the Statistical Package for Social
Sciences, version 20 (SPSS Inc; Chicago, IL, USA). One-way ANOVA and Tukey’s post-hoc test were performed to
compare the ΔE values. A paired t test was used to compare the mean of L* a* b* coordinates. The significance level was
set at p<0.05.

Results
The mean and standard deviation of the color differences (ΔE) of the three groups are presented in Table 1. With regard
to the restorative materials used, a significantly higher color stability was observed with GIC followed by RMGIC, and
the least color stability was observed for the RBC group (p<0.001).

Multiple comparisons were performed between the three groups and their subgroups, as shown in Table 2. There were
significant color differences between the RBC and RMGIC groups, irrespective of the loading time (p <0.001 for both).
No significant color changes were observed in the GIC group (p = 0.335).

As shown in Table 3, there was a significant decrease in the lightness (L* value) in all the B & C groups when
comparing the two time intervals in which the color analysis was performed, such as after the first day of restorative
material loading and after 7 days of restorative material loading. Among all subgroups, the highest lightness value was
observed with the GIC group compared to the RBC group and RMGIC group. There was a decreasing trend in the color

Table 1 Mean and Standard Deviation (SD) of the ΔE Values Based on the Type of Restorative Material

Group Total N= 90 n Mean (SD) P value Multiple Comparison Test

RBC RMGIC GIC

RBC 30 5.08 (2.37) <0.001* 1 0.222 <0.001*

RMGIC 30 4.40 (2.18) 0.222 1 0.001*

GIC 30 2.80 (1.43) <0.001* 0.001* 1

Note: *Significant differences resulting from one-way ANOVA test and post hoc Tukey’s tests.
Abbreviations: ΔE, Delta E; RBC, resin-based composite; RMGIC, resin-modified glass ionomer cement; GIC, glass ionomer cement.
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change to a darker version when comparisons were made after the first day and after 7 days following the restorative
loading in all groups.

With regard to the red and green chromaticity (a* value), all groups showed an inclination towards green (decrease in
the a* value). Except for the immediate loading subgroup of RBC and GIC loading, there were significant differences in
the a* value in all groups based on the color deviation in the time intervals tested. RBC-loaded groups showed an
increase in the a* value, whereas RMGIC- and GIC-loaded groups showed a decline in the a* value.

The yellow and blue chromaticity (b* value) were found to be statistically significant in the RMGIC-loaded groups
between the time intervals of restorative material loading points after 1 day and after 7 days. There was a significant shift
to the blue-colored component (decrease in the b* value) in RMGIC subgroups B and C.

Discussion
The effect of immediate loading versus loading one week later on the color stability of three different tooth colored
restorative materials, RBC, RMGIC and GIC, when bonded to SDF-treated demineralized dentin was investigated in this
study. Based on the results of this in vitro study, significant color differences were observed with the restorations
following SDF applications. When the restorative materials were loaded after 1 week of SDF application, there was less
discoloration noted compared to that of the immediate loading, thus, the null hypothesis has been rejected.

The use of a colorimetric device, such as a spectrophotometer and the CIE L*a*b* color coding system, was
determined to be an appropriate tool for objectively identifying color changes that cannot be visualized by the naked
eye. The color changes could be studied effectively because of the numeric data generated from the sound and lesion
affected areas.26 In this study, a spectrophotometer based on the CIE L*a*b* system was used to measure the color
changes in restorative materials loaded onto sound dentin and at two time intervals, including immediately and 1 week
after SDF application on demineralized dentin.

It has been proposed by the American Academy of Pediatric Dentistry guidelines that the treated and arrested
cavitated caries lesions by SDF may be restored to improve esthetics.27 The timing of the restoration loading is an
important factor, and in this study, a delayed restoration after 1 week of SDF application had better color stability to mask
the dark staining of the SDF-treated demineralized dentin. A restoration to mask the permanent staining caused by SDF
may be delayed up to a week, and the findings are in accordance with a similarly designed in vitro study in which the
authors proposed delaying the restorations for two weeks to reduce the discoloration caused by SDF.28

Table 2 Mean and Standard Deviation (SD) of the ΔE Values for Each Group

Group Loading Time Total N= 90 n Mean (SD) P value Multiple Comparison Test

Control Immediate Delayed

RBC Control 10 2.86 (1.10) <0.001* 1 <0.001* 0.008*

Immediate 10 7.15 (1.94) <0.001* 1 0.035*

Delayed 10 5.23 (1.71) 0.008* 0.035* 1

RMGIC Control 10 2.55 (1.31) <0.001* 1 <0.001* 0.026*

Immediate 10 5.99 (1.48) <0.001* 1 0.201

Delayed 10 4.65 (2.17) 0.026* 0.201 1

GIC Control 10 2.36 (1.31) 0.335 1 0.307 0.824

Immediate 10 3.31 (1.75) 0.307 1 0.642

Delayed 10 2.74 (1.13) 0.824 0.642 1

Note: *Significantly differences resulting from one-way ANOVA test and post hoc Tukey’s tests.
Abbreviations: ΔE, Delta E; RBC, resin-based composite; RMGIC, resin-modified glass ionomer cement; GIC, glass ionomer cement.
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The waiting period of one week has limitations, such as patient compliance, the possibility of diminishing the anti-
caries effect of SDF following its application, and the role of the oral microbiome;29 in addition, food habits and poor
oral hygiene may hinder the ability of SDF to sustain caries arrest. However, it has been recommended that an annual
application of SDF is more effective and feasible than applying sodium fluoride varnish four times a year.30 It is likely
that the staining caused by SDF, which should be anticipated, may result in the patient seeking further treatment, but

Table 3 Mean and Standard Deviation (SD) Values of L* a* b* Coordinates for All Groups (N=90)

Group
(n=30)

Loading Time
(n=10)

Coordinates T1 T7 P value Δ

RBC Control L* 60.60 (1.19) 57.93 (1.39) 0.001* 2.67

a* −3.45 (0.27) −2.72 (0.54) 0.014* 0.73

b* 0.64 (0.25) 0.57 (0.29) 1 0.07

Immediate L* 55.00 (3.79) 47.95 (2.71) <0.001* 7.05**

a* −3.80 (1.62) −3.28 (0.83) 1 0.52

b* −0.71 (0.39) −0.49 (0.26) 1 0.22

Delayed L* 57.78 (0.91) 52.56 (1.86) <0.001* 5.22**

a* −3.65 (0.13) −3.40 (0.12) 0.003* 0.25

b* −1.29 (0.40) −1.37 (0.40) 1 0.08

RMGIC Control L* 61.18 (1.32) 59.44 (1.64) 0.14 1.74

a* −0.65 (0.16) −1.83 (0.18) <0.001* 1.18

b* 2.58 (0.81) 1.90 (0.75) 0.447 0.68

Immediate L* 58.47 (4.00) 52.60 (3.82) <0.001* 5.87**

a* −0.89 (0.17) −1.10 (0.15) 0.018* 0.21

b* 0.01 (1.32) −0.88 (0.85) 0.027* 0.89

Delayed L* 59.02 (3.49) 54.75 (2.32) 0.006* 4.27**

a* −0.58 (0.12) −1.20 (0.12) <0.001* 0.62

b* 0.76 (0.40) −0.46 (0.31) <0.001* 1.22

GIC Control L* 83.58 (1.42) 81.39 (1.68) 0.008* 2.19

a* −0.63 (0.11) −1.06 (0.23) <0.001* 0.43

b* 1.94 (0.56) 2.18 (0.71) 1 0.24

Immediate L* 79.70 (3.56) 77.35 (4.06) 0.001* 2.35

a* −0.69 (0.21) −1.11 (0.54) 0.852 0.42

b* 3.81 (1.67) 5.35 (1.96) 0.798 1.54

Delayed L* 82.13 (2.15) 79.55 (2.26) 0.001* 2.58

a* −0.56 (0.03) −0.91 (0.14) 0.001* 0.35

b* 1.11 (0.16) 1.71 (0.45) 0.058 0.6

Notes: *Significantly different resulting from paired t test, **Clinically significant difference. The L* axis represents lightness ranging from black (0) to white (100); the a* axis
represents red (+a*) to green (-a*); and the b* axis represents yellow (+b*) to blue (-b*).
Abbreviations: RBC, resin-based composite; RMGIC, resin-modified glass ionomer cement; GIC, glass ionomer cement; Δ, Delta; T1, after 1 day of restorative material
loading; T7, after 7 days of restorative material loading.
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there is also the possibility that the patient may not return for the second appointment if the dentist does not educate the
patient or guardian appropriately about the consequences. Thus, gaining informed consent and explaining the risks and
benefits with the use of SDF and the possible need for restorations following arrest of the caries is extremely important.

The limitations of this study are its in vitro nature, which may not justify the in vivo conditions, such as changes in
salivary parameters, abundant oral microbiomes and the oral environmental factors that might impact the use of SDF and
restorative treatments in caries management. Furthermore, in vitro studies may not reveal the actual mode of color
stability but may only rank the materials or techniques. Therefore, caution is advised when interpreting the results. The
time that the hard, stained dentin appeared following application of SDF was not taken into account as a baseline reading
to compare the changes in discoloration after 7 days. The time of appearance of the black staining was investigated by
Patel et al31 to be within 2 minutes of SDF application, and it increased in value over time, irrespective of the
concentration of SDF used (12% or 38%) or the length of SDF application. Long-term clinical studies are necessary
to obtain evidence of color changes through taking digital photography of the specimens that are being used and can be
considered in future research.

This study may be a valuable addition to SDF research in which the staining potential of SDF has become more
evident, and the use of tooth-colored restorative materials after one week of SDF application to mitigate the unesthetic
stains may be a logical alternative treatment approach. A delay of one week after SDF application to perform the
restoration would give ample time for the activity of arresting SDF caries to take place. This approach needs to be
explored in patients to understand its effectiveness and acceptance as a treatment modality. The use of SDF in this current
and post-COVID-19 pandemic period has been advocated as one of the most sought-after biological treatment alter-
natives in caries control, particularly in pediatric dentistry.32 A wider acceptance of the use of SDF is needed, especially
due to the need for a second appointment for the minimally aerosol generating procedure that involves a conventional
restoration, once caries has been arrested.

The use of SDF and its effect on the bond strength of various restorative materials have been studied.33,34 In vitro
studies revealed that restorations following SDF application created a better resistance to secondary caries as well as
greater induction of tertiary dentin than that of other treatments.35 Such evidence-based applications of SDF along with
restorative treatments need to be highlighted and could result in a paradigm shift in caries management in high caries risk
individuals.

Conclusion
Delaying the loading time of the restorative material for 1 week following the application of SDF resulted in greater color
stability than that of immediate loading. The GIC showed greater color stability following SDF application than that of
RBC and RMGIC. Long-term clinical studies with follow-up analysis are necessary to determine the color stability of the
various restorative materials following SDF application.
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