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Abstract 

Background  The desirable properties of silver diamine fluoride (SDF) make it an effective agent for managing dental 
caries and tooth hypersensitivity. There are several clinical instances that SDF application might precede the place-
ment of direct tooth-colored restorations. On the other hand, SDF stains demineralized/carious dental tissues black, 
which might affect the esthetic outcomes of such restorations. Color is a key parameter of esthetics in dentistry. 
Therefore, this study aims to systematically review dental literature on color/color change of tooth-colored restora-
tions placed following the application of SDF on dentine.

Methods  Comprehensive search of PubMed, Embase, Scopus and ISI Web of Science databases (until August 2023) 
as well as reference lists of retrieved studies was performed. In vitro studies reported color or color change of tooth-
colored restorative materials applied on SDF-treated dentine were included. Methodological quality assessment 
was performed using RoBDEMAT tool. Pooled weighted mean difference (WMD) and 95% confidence interval (95% 
CI) was calculated.

Results  Eleven studies/reports with a total of 394 tooth-colored restorations placed following a) no SDF (control) 
or b) SDF with/without potassium iodide (KI)/glutathione dentine pre-treatments were included. Color change 
was quantified using ∆E formulas in most reports. The pooled findings for the comparison of resin-based composite 
(RBC) restorations with and without prior 38% SDF + KI application revealed no statistically significant differences in ∆E 
values at short- and long-term evaluations (~ 14 days: WMD: -0.56, 95% CI: -2.09 to 0.96; I2: 89.6%, and ~ 60 days: WMD: 
0.11; 95% CI: -1.51 to 1.72; I2: 76.9%). No studies provided sufficient information for all the items in the risk of bias tool 
(moderate to low quality).

Conclusions  The limited evidence suggested comparable color changes of RBC restorations with and without 38% 
SDF + KI pre-treatment up to 60 days. The included studies lacked uniformity in methodology and reported outcomes. 
Further studies are imperative to draw more definite conclusions.

Protocol registration  The protocol of this systematic review was registered in PROSPERO database under number 
CRD42023485083.
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Background
Untreated dental caries is a major public health issue, 
affecting more than one third of the population world-
wide [1]. In recent years, the emphasis in delivering den-
tal care has been shifted towards preventive and minimal 
intervention dentistry (MID) approaches [2]. The MID 
approach generally focuses on the interception of oral 
diseases at an early stage. In caries management, MID 
not only can result in preserving tooth structure and 
ultimately extending tooth lifespan, but is a potential 
cost-effective solution for tackling the global burden of 
untreated caries. The use of silver diamine fluoride (SDF) 
is one of the MID protocols relevant to caries manage-
ment [3], and its effectiveness in arresting dental caries 
in children and adults has been supported by systematic 
reviews [4–6]. 

SDF was first developed in the 1960s in Japan, and 
about half a century later, in 2014, was cleared by the 
United States Food and Drug Administration as an anti-
hypersensitivity agent [7]. This colorless alkaline solu-
tion is generally used at 38% concentration for managing 
dental caries and treating dentine hypersensitivity. SDF 
exerts its effects by disrupting biofilm formation, enhanc-
ing remineralization, counteracting demineralization, 
occluding dentinal tubules, and preventing collagen deg-
radation [8]. There are several clinical instances that SDF 
application might precede direct restoration placement 
both in children and adults [9]. One example is using 
SDF for general caries control in high-risk patients with 
or without behavioral/medical conditions until perform-
ing conventional restorative treatments is feasible [9–11]. 
Moreover, SDF can be used alongside atraumatic restora-
tive treatment to manage dental caries as a same-day or 
multiple-appointment silver-modified atraumatic restor-
ative treatment [11–13]. Other examples include using 
SDF as an indirect pulp capping material [14, 15], and 
for managing dentine hypersensitivity or symptoms of 
molar-incisor hypomineralisation-affected teeth prior to 
restorative procedures [9]. In addition, SDF-treated teeth 
might be restored for enhancing esthetics [8, 16], and/or 
restoring form and function [11].

SDF as a simple, effective, and efficient treatment is safe 
with no acute systemic complications [8]. Nonetheless, 
its main disadvantage is black discoloration of carious 
lesions attributed to the formation of silver compounds 
on carious tooth surface, comprising esthetics [8, 17]. 
This black staining could be a barrier to SDF widespread 
use [18]. It has been suggested that developing a way to 
minimise such staining would increase SDF acceptabil-
ity [12, 18]. Several approaches have been proposed to 
overcome this significant drawback, however, no definite 
clinical solution is currently available [17]. Potassium 
iodide (KI) solution applied following SDF resulted in 

a significant reduction in black staining in several stud-
ies [19]. However, its long-term effectiveness has not 
yet been proven [19, 20]. Glutathione (GSH) mixed with 
SDF have been evaluated in few studies showing posi-
tive results, although not superior to those of KI [21, 22]. 
Furthermore, new formulations based on silver nanopar-
ticles causing no obvious staining are considered promis-
ing alternatives to the existing SDF formulations. These 
new formulations are still under investigation and no 
commercial products are available for their widespread 
use [23].

Improvements in dental materials/techniques, and 
patients’ demand for esthetic restorations have con-
tributed to the recent significant increase in request for 
tooth-colored restorations [24]. Color is a key parameter 
of esthetics in dentistry [25], evaluated by visual judg-
ment or measuring instruments [25, 26]. Despite initial 
promising outcomes, the color of esthetic restorations 
might change over time, affecting their clinical longevity 
[27]. On the other hand, considering the increased inter-
est in use of SDF in recent years [7], its application before 
tooth-colored restorations possibly accelerates undesir-
able color changes [7, 15, 28, 29]. Therefore, investigating 
(alterations in) the color of direct restorative materi-
als bonded to SDF-treated teeth is timely and worthy of 
attention.

The primary aim of the present study is to system-
atically review and summarize current laboratory evi-
dence reported color/color change of tooth-colored 
restorations placed after SDF application on dentine. 
We also addressed the following issues when reported 
in the included studies (secondary outcomes): 1) if color 
changes were clinically perceptible/acceptable, and 2) 
presence/amounts of marginal discoloration.

Methods
This systematic review adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses 
(PRISMA) 2020 Statement [30]. The protocol of this 
study was registered in the PROSPERO (International 
Prospective Register of Systematic Reviews) database 
(CRD42023485083).

Eligibility criteria
The inclusion criteria were: (1) studies evaluating opti-
cal properties of tooth-colored restorations placed after 
the application of SDF solutions (any modifications to 
SDF application protocol, including the use of KI or GSH, 
were acceptable); (2) study outcome must be color and/or 
color changes of the restorations; (3) interventions must 
be applied on natural (human or animal) dentine; (4) 
in  vitro studies. When applicable, data of negative con-
trols (restorations with no previous/only water dentine 
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pre-treatments) were also collected. The exclusion cri-
teria were: (1) studies/groups in which the samples were 
not restored following SDF application; (2) evaluating 
other formulations containing silver (including nano sil-
ver fluoride and silver nitrate) or other remineralizing 
agents; (3) other study designs.

Data pooling was performed for comparisons with sim-
ilar dentine pre-treatments, restorative materials, out-
come measures, and assessment time points.

Information sources and search strategy
Two reviewers (SeSa and TM) independently developed 
search strategy and discrepancies were resolved by con-
sensus. Four electronic databases (PubMed, Embase, Sco-
pus and ISI Web of Science) were systematically searched 
until August 2023, with no restriction on language and 
publication dates. The following keywords were used: 
("silver diamine fluoride" OR "silver diammine fluoride" 
OR "silver ammonia fluoride" OR "diamine silver fluo-
ride" OR "diammine silver fluoride" OR "silver fluoride" 
OR "SDF") AND (masking OR mask OR masked OR 
color OR colour OR discoloration OR discolored OR dis-
colouration OR discoloured OR staining OR stained OR 
stain OR esthetic OR aesthetic OR visual OR restoration 
OR restorative OR restored OR filling OR filled). Further-
more, reference lists of included studies and relevant sys-
tematic reviews [17, 19, 31] were manually searched for 
additional pertinent studies. The search strategy is pre-
sented in Supplementary material 1.

Selection process and data extraction
Two independent reviewers (SeSa and HM) screened 
titles and abstracts of records retrieved from electronic 
search to find eligible reports, using EndNote software 
(version X9, Clarivate Analytics, Philadelphia, PA, USA). 
This was followed by examining the full texts of selected 
records to confirm that they met the inclusion criteria. 
Any disagreements were resolved by discussion.

The same two reviewers independently performed data 
extraction. The main characteristics of the included stud-
ies were as follow: author’s name, publication year, coun-
try, tooth type, tooth and dentine caries status, sample 
size and preparation methods, materials used and their 
application methods/times, aging/storage methods/solu-
tions, outcome measures, assessment times and meth-
ods, and main findings. More information on missing/
unclear data were collected by contacting corresponding 
authors. Any disagreements were resolved by discussion 
or further consultant with a third reviewer (HB).

Study risk of bias assessment
Two independent reviewers (SeSa and HM) assessed the 
risk of bias of included studies based on RoBDEMAT 

tool. This tool contains four domains and a total of nine 
items: bias related to planning and allocation (con-
trol group, randomization of samples, and sample size 
rationale and reporting), specimen preparation (stand-
ardization of samples and materials, and identical experi-
mental conditions), outcome assessment (adequate and 
standardized testing procedures and outcomes, and 
blinding of the test operator), and data treatment and 
outcome reporting (statistical analysis, and reporting 
study outcomes). Each item was judged as either  “suffi-
ciently reported/adequate”, “insufficiently reported”, “not 
reported/not adequate” or “not applicable”. No summary 
score was generated based on recommendation [32]. Any 
disagreements in methodological quality assessment 
were resolved by discussion or further consultant with a 
third reviewer (MS).

Data pooling and synthesis
The color difference (∆E), and the amount or changes in 
CIEL*a*b* color coordinates (L*, a*, and b*) were consid-
ered as outcome measures for pooling the data. When 
required, the duration of aging procedures was estimated 
based on days according to the available data. Pooled 
weighted mean difference (WMD) and 95% confidence 
interval (95% CI) was calculated using Stata software 
(version 17.0, StataCorp, Collage Station, Texas, USA). 
Meta-analysis was generally not performed due to sub-
stantial setting/methodological and conceptual heteroge-
neity in the comparison groups and outcomes, and also 
small number of studies in the considered comparisons.

Results
Study selection
A total of 7,513 records was identified through elec-
tronic search. After removing duplicates and screening 
the titles and abstracts of the remaining 4,511 records, 
35 reports were selected for full-text assessment. Of 
those, 25 reports did not meet the inclusion criteria 
mainly due to not restoring SDF-treated samples and, 
therefore, were excluded from the systematic review 
(Supplementary material 2) [16, 22, 23, 29, 33–53]. 
Finally, 10 studies/reports from electronic search [7, 
21, 28, 54–60], and one study/report [61] retrieved 
through handsearching were included in the systematic 
review (Fig. 1). In the six included studies, those groups 
in which samples were not restored [7, 54, 56, 61], 
interventions were applied on enamel [58, 61], and/or 
other remineralizing agent was used [55] were further 
excluded. Besides, outcomes from two studies judged to 
have no significant setting/methodological heterogene-
ity were pooled [7, 55].
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Study characteristics
Table  1 presents the summary of study character-
istics. All included studies were published between 
2016–2022, with most (nine studies) published dur-
ing 2021–2022. Authors from Saudi Arabia, with three 
articles, published the highest number of reports [28, 
54, 58], followed by those from Brazil [7, 55], India [21, 
59], and The United States of America [57, 61] each 
with two published articles. In addition, one study was 

a scientific collaboration between Germany and Egypt 
[56]. Masking ability [56, 60] and color stability [28, 
55] each were evaluated by two studies, while the rest 
of the reports aimed to assess staining/discoloration/
darkening/color change [7, 21, 54, 57–59, 61]. Although 
the total number of included samples from each eligi-
ble report was varied from 10 to 90 (total: 394, mean: 
35.8 per study), the number of samples in each included 
group/subgroup was ranged from 1 to 18. Except two 

Fig. 1  Flow diagram of the study selection. SDF: Silver diamine fluoride
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[7, 55] and one [57] studies using bovine teeth/incisors 
and did not mentioned the tooth type, respectively, all 
other reports included human teeth (mostly posterior). 
Only one study considered the color similarity of col-
lected/included teeth [55]. Several distinct approaches 
were used for storage and/or disinfection/sterilization 
of the collected extracted teeth. However, disinfection/
sterilization method was not specified in five studies [7, 
54–56, 60]. Tooth substrates were natural carious den-
tine [21, 54, 56, 57, 59], artificially demineralized den-
tine [7, 28, 55], or sound dentine [28, 58, 60].

Almost all studies applied 38% SDF, and only one 
study used both 12% and 38% SDF concentrations 
[55]. A total of four SDF commercial products were 
evaluated, with Riva Star (SDI) being most common 
[7, 55–57, 60]. SDF application protocols were differ-
ent among studies. The reported SDF application times 
ranged from 1 to 3 min. [7, 21, 54–56, 59] The major-
ity evaluated the effects of KI application following 
SDF (SDF + KI) [7, 21, 55, 57–61], and only one study 
reported the results of using a mixture of GSH and SDF 
[21]. Two studies compared the outcomes of delayed 
(up to two weeks) vs immediate restoration place-
ment for SDF-treated samples [28, 54]. The samples 
in remaining studies were considered to be restored 
immediately, either it was directly stated or was sim-
ply mentioned that restorations were placed in the next 
step (without specifying the exact time).

Overall, four tooth-colored restorative materials were 
evaluated in the included studies (in descending order): 
glass ionomer cement (GIC) [21, 28, 54, 56–61], resin-
based composite (RBC) [7, 28, 54–56, 59, 61], resin-
modified glass ionomer (RMGI) [28, 55, 60, 61], and 
zirconia-reinforced glass ionomer (ZRGI) [60], with one 
to three materials being assessed in each report. Nine 
studies used light-cured dental materials during restora-
tion in at least one of their intervention arms [7, 28, 54–
56, 58–61]. In these, five reported the settings (600 mw/
cm2 [58], 800 mw/cm2 [54], 1100 mw/cm2 and 500 nm 
[56]) and/or models/types (FLASHlite 1401 [55], Halo-
gen curing light (3 M ESPE) [58], Radii-cal LED curing 
light [61]) of light curing units used. The most usual res-
toration thickness was 2 mm in four studies [28, 54, 55, 
60]. Two studies stated that the (initial) class I prepara-
tions were either 0.5 mm [61] or 1 mm [58] into dentine. 
In three studies, cavitated carious lesions were restored 
[21, 57, 59]. As the cavity size was not standardized, it 
was assumed that the restoration thickness varied among 
samples in each of these three studies. A variety of aging 
procedures were used after restoration placement, cat-
egorized as suntest aging [56], thermo (-mechanical) 
cycling with additional storage in artificial saliva [55, 57], 
and wet/dry storage [7, 28, 54, 58, 59].

The use of dental/non-dental spectrophotometer was 
the predominant method of assessing color/color change 
in the studies, with three or four readings [7, 21, 28, 
54–56, 60]. This was followed, in descending order, by 
visual examination [21, 57, 61], colorimeter [58, 61], and 
employing ImageJ software (NIH Image, Bethesda, MD, 
United States of America) [59]. Color change was mostly 
quantified by calculating ∆E using either CIEL*a*b* 
(ΔECIEL*a*b*) [21, 28, 56, 60] or CIEDE2000 (∆E2000) 
[7, 54, 55, 58, 61] formula. In these studies, ∆E values 
mainly presented the color change of samples in a sin-
gle (sub)group at two time points [7, 28, 54–56, 60]. In 
one report, however, ∆Es were differences between sub-
groups of a single group at one assessment time [61]. Five 
studies also reported the values for at least one of the 
CIEL*a*b* color coordinates (L*, a* and b*) [28, 55, 56, 
58, 61]. The first color assessments were recorded before 
applying any intervention materials [54, 56, 60], after SDF 
application [59], after restoration [7, 21, 28, 55, 58, 61], or 
after aging [57]. Sixty days were the maximum evaluation 
time in the included studies [7]. In addition, marginal dis-
coloration [21, 61] and color difference thresholds [7, 28] 
were each addressed in two different reports.

Risk of bias in studies
Table  2 presents the results of risk of bias assessment. 
Overall, none of the included studies judged as “suffi-
ciently reported/adequate” for all the items in RoBDE-
MAT tool. It can be said that studies were moderate to 
low quality in general. The most frequent judgment was 
“insufficiently reported”. Whether the test operator was 
adequately blinded and the existence of negative controls 
were missed in the majority of studies assessed. The sam-
ple randomization, standardization of samples and mate-
rials, and identical experimental conditions across groups 
were significant weaknesses of the evaluated studies.

Results of individual studies and data pooling
According to the reported ∆E values for 38% SDF-treated 
samples, in one study GIC restorations showed the low-
est color change (ΔECIEL*a*b*) followed by RMGI and 
RBC (P < 0.001) [28]. In another report, ∆E2000 val-
ues measured for RBC samples were significantly less 
than that of GIC [54]. In one study, ZRGI restorations 
had significantly lower ΔECIEL*a*b* values than both 
GIC and RMGI (P < 0.001) [60]. When KI was applied 
following 38% SDF, significantly higher ∆E2000 val-
ues were recorded for RMGI samples compared with 
RBC (P < 0.05) [55]. Moreover, three studies showed 
statistically lower ∆E values at final evaluations for 38% 
SDF + KI- vs 38% SDF-treated samples with either RBC 
(P < 0.001) or GIC (P = 0.002 and P < 0.001) restorations 
[7, 21, 60]. On the contrary, the ΔECIEL*a*b* values of 
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ZRGI and RMGI samples were statistically higher after 
treatment with 38% SDF + KI than when 38% SDF was 
used (P < 0.001) [60]. Delaying in restoration placement 
for one week, compared with their immediate appli-
cation, in 38% SDF-treated samples resulted in lower 
ΔECIEL*a*b* values for all RBC (P = 0.035), RMGI 
(P = 0.201) and GIC (P = 0.642) restorations in one report 
[28]. When the two-week interval was evaluated, another 
study showed significantly lower ∆E2000 values for both 
RBC and GIC delayed restorations [54]. Additional data 
on the primary and secondary outcomes reported by the 
included studies are presented in Table 3.

Data pooling was performed for comparisons evalu-
ating RBC restorations with and without prior 38% 
SDF + KI application at two various time points (Fig.  2) 
[7, 55]. The outcome measure was color difference pre-
sented as ΔE2000 (differences between color assessments 
after restoration vs ~ 14 days/ ~ 60 days after restora-
tion). For the study by Ferreira et  al. [55], the duration 
of thermomechanical cycling was estimated to be 18 
days, therefore the second and third assessment times 
were ~ 19 and ~ 49 days following restoration. Overall, 
the analyses showed no statistically significant differ-
ences between RBC and 38%SDF + KI + RBC samples at 
both time points (~ 14 days: WMD: -0.56, 95% CI: -2.09 
to 0.96, P = 0.47; ~ 60 days: WMD: 0.11, 95% CI: -1.51 to 
1.72, P = 0.90). The heterogeneity in both analyses was 
high (~ 14 days: I2: 89.6%, P = 0.002; ~ 60 days: I2: 76.9%, 
P = 0.037). In addition, the results indicated that the 
pooled ∆E of 38% SDF + KI + RBC group was less than 
that of RBC at ~ 14 days. This association reversed at ~ 60 
days, that is, the pooled ∆E of 38% SDF + KI + RBC group 
turned greater (Fig. 2).

Discussion
The results of included studies in our systematic review 
on color and/or color change of tooth-colored restora-
tions post application of SDF on dentine were incon-
clusive overall. This is explained by variations in study 
settings, possibly affecting the amount of SDF-related 
dentine discoloration produced, relevant optical proper-
ties of restorations, and comparability of outcomes. The 
pooled data for comparisons of 38% SDF + KI + RBC 
vs RBC restorations revealed no statistically significant 
differences in color changes at short- and long-term 
intervals. The results further indicated an increase in 
SDF-related discoloration over time. These findings can 
be explained by the ability of KI in reversing SDF color 
change [7, 19, 21, 59]. KI is expected to prevent the for-
mation of silver oxide and subsequently reduce black 
staining through reacting with excess silver ions and pre-
cipitating yellow silver iodide [34]. However, this effect 
may be influenced by the amount of KI applied and is 

temporary possibly due to the high photosensitivity of 
produced silver iodide [55, 62].

Various protocols were described for storage and/or 
disinfection/sterilization of collected extracted teeth, 
with several of solutions/methods possibly reacting with 
SDF or altering its interaction with dentine. Four stud-
ies used solutions containing Cl ions (namely, phosphate 
buffer saline, sodium hypochlorite and chloramine T) for 
storage [28, 59, 61] or only for disinfecting the teeth [21]. 
Silver ions from SDF solution applied on the tooth sur-
face can react with Cl ions retained in the tooth structure 
following storage/disinfection process and form silver 
chloride which can reduce the SDF-related black staining 
[16, 35, 59]. The amount of Cl ions available for reacting 
with silver was expected to vary among these studies due 
to differences in storage times and solutions. In addition, 
one study autoclaved the carious teeth collected [57]. It 
was shown that autoclaving can lead to denaturation of 
dentine collagen in sound teeth with no effects on den-
tine permeability. In cases where dentine collagen was 
exposed, as in carious teeth, autoclaving caused the dena-
tured collagen network/mesh to become compact and 
collapsed with consequent reduction in dentine perme-
ability [63]. This probably alters SDF penetration [57], 
however, its effects on the amount of final SDF discolora-
tion should be investigated.

Most included studies used carious or demineralized 
dentine substrates [7, 21, 28, 54–57, 59]. Only one eligi-
ble study used carious teeth with no further mechanical 
preparations [59], while others sectioned [54], performed 
complete (for cavity walls) or partial caries removal [21, 
57], or prepared carious dentine slices [56]. In addition, 
demineralized dentine specimens were prepared from 
sound teeth through submitting to either demineraliza-
tion or demineralization/remineralization regimen for 
7–14 days [7, 28, 55]. These variations in methodology 
may produce significant differences in the amount/degree 
of demineralization in dentine substrates across the stud-
ies [64]. The degree of dentine demineralization affects 
SDF-related color change [36]. The higher the degree of 
demineralization the greater the amount of color change 
and discoloration depth; this can be explained by the high 
affinity of silver ions for collagen/proteins and greater 
amount of exposed collagen available [36, 65].

Dentine treatments prior to restoration placement were 
also different among included reports. Only four studies 
incorporated negative controls [7, 28, 55, 61]. In general, 
studies with no control groups have limited value [32]. 
In most reports, dental/non-dental KI products were 
applied following SDF at least in one intervention group 
[7, 21, 55, 57–61]. The KI concentration should be con-
sidered when interpreting the results of studies. Although 
the differences between KI concentrations in reducing 
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SDF black staining might become less pronounced over 
time, saturated KI solution can still show significant 
differences compared with lower concentrations [16]. 
The concentrations of the products used with 38% SDF 
(namely, Riva Star step 2 and saturated KI/Lugol’s solu-
tion) in the included studies were similar [34]. A mixture 
of GSH and SDF was assessed in one study [21]. GSH is 
a most common intracellular non-protein thiols acting 
as a reducing agent in mammalian cells [22]. This mix-
ture of GSH and SDF, compared with SDF alone, statis-
tically reduced SDF-related dentine black discoloration 
with/without tooth-colored restorations [21, 22]. It is 
speculated that GSH decrease SDF discoloration through 
reducing silver aggregation and controlling its release 
[22]. However, its inability to completely overcome SDF-
related discoloration have been attributed to the insuffi-
cient amount of GSH mixed with SDF [21, 22].

SDF application methods varied among the eligible 
reports. These variations might be the results of dif-
ferences in available protocols which are principally 
based on expert’s opinions [66]. Overall, the 1- to 3-min 

application times used in the included studies were in 
accordance with most available recommendations for 
SDF therapy to caries arrest [66]. In two studies, SDF-
treated samples were water-rinsed for 30 s [21, 56]. 
Although rinsing/washing following SDF application is 
not widely advocated [66], it might be considered when 
restoring SDF-treated lesions with RBCs [67]. In one 
study SDF solution was first agitated and then left for 
additional time on tooth surface [21]. The rationale for 
scrubbing SDF during its application is to release/reduce 
surface tension [11] and therefore increasing the wetta-
bility of solution. However, the impacts of such variations 
on SDF dentine discoloration should also be reported 
in future studies, as merely reporting silver penetration 
depth does not resemble depth and amount of discolora-
tion at least in short observation times [36, 65].

Four types and a variety of commercial products of 
tooth-colored restorative materials were evaluated in 
the included studies. In almost all the studies, one single 
restorative material/product was applied in each group. 
The translucency, masking ability, and color stability are 

Fig. 2  Data pooling for comparisons between resin-based composite (RBC) restorations with and without prior 38% silver diamine fluoride 
and potassium iodide (38% SDF + KI) application (a) at ~ 14 days, and (b) at ~ 60 days. CI: confidence interval; N: the number of samples in each 
group; SD: standard deviation
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properties affecting the final color of restorations bonded 
to SDF-treated dentine. Conventional GICs are opaque 
materials, while RMGIs are more translucent. In addi-
tion, RBCs are now supplied with a variety of translu-
cencies/opacities [33]. Therefore, translucency/opacity 
of restorative materials (or probably restorations) will 
be different across the board. Masking ability is influ-
enced by material thickness [33]. The reported restora-
tion thickness was 1 to 2 mm in five studies [7, 28, 54, 
55, 60], and 4 mm in one report [56]. The other three 
studies restored non-standardized cavitated carious 
teeth with non-recorded depths [21, 57, 59]. On a clinical 
level, in anterior teeth, especially in primary dentition, 
there is limited space for restorations of SDF-treated 
teeth, therefore, considering both material thickness and 
translucency is critical to achieve acceptable esthetic 
outcomes [33, 68]. A recent in  vitro study showed that 
pink opaquer with or without RBC at 2 mm thickness 
produced clinically acceptable results for masking the 
simulated SDF discoloration. However, the results for 
RMGI and opaque-shade RBC were not promising in 
that study; therefore, their use was not recommended 
[33]. The masking ability of RBCs is also affected by layer-
ing strategy and substrate color. The layering technique is 
commonly used to promote natural lifelike restorations, 
and thicker layers of opaque shades enhance the mask-
ing ability of final restorations [69]. However, none of the 
included studies applied the layering technique. Only in 
one study, a layer of RMGI was placed prior to restoring 
cavities with an RBC material [61]. Due to their translu-
cency, the masking of underlying dark substrates, as in 
SDF-arrested/treated dentine, is challenging when RBCs 
are used. Increasing the thickness of the dentine shade 
layer or the combined application of RBC and opaquers 
is recommended to achieve acceptable results [69]. Color 
stability is affected by internal (mainly material com-
position) and/or external (including environment and 
material manipulation) factors [27, 70]. Due to its com-
position, RBC is considered to be more color stable than 
GIC [55]. In the eligible studies, all reported media used 
for storage of restored samples were colorless solutions 
(either water or artificial saliva). In three studies dry sam-
ples were used for color assessments [56, 59, 60]. In fact, 
these studies recorded absolute staining potential of SDF, 
which might be slightly different from the results of non-
dry sample assessments [56].

Light curing of materials used during restoration fol-
lowing SDF application caused immediate grayish dis-
coloration [56, 61], which is noteworthy. This finding is 
attributed to the photosensitivity of SDF and the accel-
erated production of black metallic silver by light expo-
sure [56]. To avoid the latter staining, delaying tooth 
restoration has been proposed [11]. In this review, RBC 

restorations placed one to two weeks after SDF applica-
tions had significantly less color differences than those 
placed immediately [28, 54].

Instrumental color assessment, acquired by a spectro-
photometer (most common), a colorimeter, or photo-
graphs/ImagJ software, was performed in almost all the 
included studies. Spectrophotometers are one of the most 
accurate instruments for dental/non-dental color match-
ing, measuring the reflected light in the visible spectrum 
[71]. Colorimeters register only three colors from the vis-
ible spectrum, and therefore, are generally less accurate 
than spectrophotometers [71, 72]. Two studies employed 
both visual and instrumental color assessments [21, 61]. 
It is recommended to use both assessment methods, if 
possible, for color matching as they complement each 
other [71]. Several included studies used photographs in 
their color assessment procedures [21, 58, 59, 61]. Using 
photographic images for color assessment/analysis, one 
innate difficulty might be capturing images with identi-
cal environmental lighting parameters. Otherwise, devia-
tions in the results would generally be expected [17]. The 
studies included in this systematic review commonly 
described photography equipment they used; however, 
they did not report photography conditions. 

∆E, the most reported outcome, was calculated with 
either CIEL*a*b* or CIEDE2000 formula. CIEDE2000 for-
mula is the latest color difference formula developed to 
overcome the weakness of the L*a*b* color space, that is, 
discrepancies existing between the measurement results 
and visual examinations [27]. In this review, one more 
study used CIEDE2000 formula compared with those 
using the older CIEL*a*b* formula. ∆E values alone are of 
limited clinical importance. It has been recommended by 
ISO to interpret numerical data based on color difference 
thresholds [68]. Only two studies addressed this issue [7, 
28]. Moreover, ∆Es do not provide sufficient information 
regarding the direction of color change [56]. Accordingly, 
several included studies also reported data on individual 
color parameters to provide more information in this 
regard [28, 55, 56, 58, 61]. Time points color measure-
ments performed varied considerably among included 
studies.

The main limitation of this systematic review was the 
heterogeneity encountered across the included studies 
primarily due to variations in dentine pre-treatments 
and restorative materials evaluated/applied, and out-
comes reported (including the diversity in the assessment 
times), refraining us from performing meta-analysis. 
Systematic reviews of in vitro studies often face this het-
erogeneity [67]. There were also scant clinical studies 
on this topic. Therefore, this review was based on labo-
ratory data; an inherent limitation as their results can-
not be directly extrapolated to clinical situations [29]. 
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Furthermore, only color/color change of tooth-colored 
restorations bonded to SDF-treated dentine was evalu-
ated in this review. These data should be considered 
along with the results of relevant systematic reviews on 
bond strength of such restorations [67, 73].

Researchers are encouraged to precisely report rel-
evant details of their future in  vitro studies, including 
information on blindness of outcome assessor, storage/
disinfection/aging conditions, and methods of sample 
randomization and standardizing samples. Moreover, 
considering negative controls for future research is highly 
recommended. We can advocate that forthcoming studies 
may compare different tooth-colored/esthetic restorative 
materials and evaluate layered restorations. Simulating 
clinical conditions, adhering to clinically established SDF 
application guidelines and reporting outcomes at differ-
ent time intervals, including long-term time points, will 
provide more valuable data that can be statistically ana-
lyzed. Finally, evaluating possible structural changes of 
both restorative materials and SDF-treated dentine sub-
strates following restoration, especially in case of imme-
diate restoration placement, over time from color change 
aspect in future in vitro studies will enhance our under-
standing of the underlying mechanisms of restoration 
color change.

Conclusions
No definite conclusions can be drawn on color/color 
change of tooth-colored restorative materials applied 
following SDF application on dentine, due to substantial 
setting and conceptual heterogeneity across the included 
studies. According to the limited evidence, RBC resto-
rations alone and following the application of 38% SDF 
with KI performed comparably up to 60 days. Future 
high-quality studies with considerable sample size and 
longer follow-up comparing color differences of differ-
ent tooth-colored restorative materials placed after SDF 
application (associated with KI or other modifications) 
are imperative to find solutions for reducing the impact 
of SDF-related staining on final tooth-colored restora-
tions, especially on anterior teeth. There is also need for 
clinical studies on this topic.
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