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Abstract

Objectives: To investigate whether silver diamine fluoride
(SDF) is effective in preventing new caries lesions in primary
teeth when compared to placebo or active treatments.
Methods: Systematic review (CRD42016036963) of con-
trolled clinical trials. Searches were performed in 9 electron-
ic databases, 5 registers of ongoing trials, and reference lists
of identified review articles. Two researchers carried out data
extraction and quality appraisal independently. The primary
outcome was the difference in caries increment (decayed,
missing, and filled surfaces or teeth — dmfs or dmft) between
SDF and control groups. These differences were pooled as
weighted mean differences (WMD) and prevented fractions
(PF). Results: Searches yielded 2,366 unique records; 6 re-
ports of 4 trials that randomized 1,118 and analyzed 915
participants were included. Two trials compared SDF to no
treatment, 1 compared SDF to placebo and sodium fiuoride
varnish (FV), and 1 compared SDF to high-viscosity glass ion-
omer cement (GIC). All studies had at least 1 domain with
unclear or high risk of bias. After 24 months of follow-up, in

comparison to placebo, no treatment, and FV, SDF applica-
tions significantly reduced the development of new dentin
caries lesions {(placebo or no treatment: WMD =-1.15, PF =
77.5%; FV: WMD = -0.43, PF = 54.0%). GIC was more effective
than SDF after 12 months of follow-up but the difference
between them was not statistically significant (WMD, dmft:
0.34, PF: -6.09%). Conclusion: When applied to caries lesions
in primary teeth, SDF compared to no treatment, placebo or
FV appears to effectively prevent dental caries in the entire
dentition. However, trials specifically designed to assess this
outcome are needed. ©20185. Karger AG, Basel

Untreated dental caries of primary teeth was the tenth
most common of 291 health problems assessed in the
Global Burden of Disease 2010 Study [Marcenes et al,,
2013]. Dental fear, financial limitations, scheduling dif-
ficulties and transportation issues are among the signifi-
cant barriers to children’s dental care reported by parents
[Meyer et al., 2017]. These observations, when coupled
with the fact that current methods of early preventive care
do not appear to inhibit caries development [Blackburn
et al,, 2017] suggest the need for new or alternate ap-
proaches to control dental caries in children.
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Silver diamine fluoride (SDF) derives from the con-
junction of silver nitrate and fluoride. It reduces the
growth of cariogenic bacteria, hampers degradation of
collagen in dentin, inhibits demineralization and pro-
motes remineralization of both enamel and dentin [Zhao
et al., 2018]. SDF has been used for decades in Japan
[Nishino et al., 1969], China [Lo et al., 2001}, Brazil [Bijel-
laetal., 1991}, and Argentina [Mauro et al., 2004] at con-
centrations varying from 10 to 38% [Mei et al., 2016] in
order to promote dental caries arrest. In 2014, after being
approved by the Food and Drug Administration for tooth
desensitization, it began to be used off-label for caries
control in the USA [Horst et al., 2016].

The application of SDF to dental surfaces is simple
and inexpensive [Mei et al., 2016] and complies with the
concept of minimally invasive dentistry [Ericson et al,
2003] Thus, treating caries lesions with SDF seems es-
pec1a11y suitable for younger, less cooperative and more
socially vulnerable children [Crystal and Niederman,
2016].
| Multiple recently published systematic reviews indi-
cate that SDF application successfully arrests dental caries
in children [Duangthip et al., 2015; Gao et al., 2016a, b;
Chibinski et al., 2017], and the use of SDF has been shown
to be 89% (from 49 to 138%) more effective in arresting
dental caries in primary teeth than other active treat-
ments or placebo [Chibinski et al., 2017]. Not heretofore
systematically examined is the effect of SDF treatment on
tthe development of new dental caries. That is, the effect
of SDF on the prevention of new lesions in untreated den-
tal surfaces of children who have had carious lesions
treated with SDF or the prevention of new lesions in chil-
dren who have had SDF applied to all primary teeth, ir-
Irespective of their caries status.

This review aims to investigate primarily whether SDF
is superior to placebo or no treatment in preventing the
development of new caries lesions in primary teeth. Its
secondary purpose is to examine the preventive effect of
‘SDF in comparison to other active treatments.

Material and Methods

! This systematic review was registered in PROSPERO
| (CRD42016036963) and follows PRISMA reporting guidelines
[Liberati et al., 2009].

We included all parallel-group, randomized or quasx-random—
ized, clinical trials with a follow-up of at least 1 year meeting the
following inclusion criteria:

« participants: children 0-12 years of age;
« intervention: topical SDF solution (any concentration or fre-
quency) applied by any health care worker at any settings;

Preventing Caries in Primary Teeth with
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Table 1. Search strategy developed for the Medline search

Search #1 (“silver diamine fluoride” [Supplementary Concept]
OR “silver diamine fluoride” [All Fields]) OR (“silver fluoride”
[Supplementary Concept] OR “silver fluoride™ [All Fields]) OR
(“silver nitrate” [MeSH Terms] OR (“silver” [All Fields] AND
“nitrate” [All Fields]) OR “silver nitrate” [All Fields]) OR
((“silver” [MeSH Terms] OR “silver” [All Fields]) AND
(“nanoparticles” [MeSH Terms] OR “nanoparticles” [All Fields]
OR “nanoparticle” [All Fields]))

Search #2 (({((tooth demineralization[MeSH Terms]) OR caries)
OR dental decay) OR cavit*) OR tooth remineralization) OR
tooth discoloration

#1 AND #2

« comparisons: no intervention, placebo, any topical cariostatic
agents, resin or glass ionomer pit and fissure sealants or dental
restorative materials;

» outcomes: primary outcome was the development of new den-
tin caries lesions at surface, tooth, or patient level. The second-
ary outcome measures were any self/parent-reported or profes-
sionally diagnosed adverse events.

Studies that did not meet one of these criteria (e.g., case series,
guidelines, letters to the editor, trials where participants were old-
er than 12 years of age) were excluded.

The searches were performed in April 2016 and updated in July
2017, without language or date of publication restraints, in the
Cochrane Central Register of Controlled Trials (CENTRAL), Em-
base, Medline via PubMed, Scopus, Web of Science, Litacs, BBO
and Scielo databases. Additionally, 5 registers of ongoing trials and
1 database of theses and dissertations were searched: ClinicalTri-
als.gov, Brazilian Register of Clinical Trials, EU Clinical Trials
Register, ISRCTN registry and Current Controlled Trials, ANZC-
TR-Australian New Zealand Clinical Trials Register, and Capes
dissertations database. A highly sensitive search strategy was ini-
tially developed for Medline and later adapted for the other data-
bases and repositories of trials with the help of a librarian. Being
aware that SDF is primarily used for caries arrest, our search used
terms that would allow us to identify trials where SDF was used for
caries arrest. However, such trials would only be included in the
review if they also provided data on caries prevention (Table 1).
Cross-referencing from reviews on the subject of SDF for caries
prevention or arrest was used to identify further potential articles.

The records were uploaded to one core database using End-
Note X7 (Thomson Reuters, San Francisco, CA, USA), and dupli-
cates were removed. Two reviewers (B.H.O. and A.R.) pilot tested
the eligibility criteria on a sample of 17 reports including ones that
were thought to be definitely eligible, definitely not eligible, and
doubtful. After independently assessing these reports, they dis-
cussed the difficulties encountered in applying the eligibility crite-
ria. During this phase only 1 disagreement occurred. Then, they
independently examined the title and abstracts of each of the re-
maining reports. When a study apparently met our inclusion cri-
teria but no abstract was available, the full article was obtained and
read. Studies in languages other than English had the data extract-
ed with the help of individuals knowledgeable in those languages.
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3,507 records identified through database
searching:
5 Medline (n = 558), Embase (n = 623),
= Web of Science (n = 568, Scopus (n = 1,275),
& Central (n = 33), Lilacs (n = 279),
§ BBO (n = 149), Scielo (n = 22)
=
y 11 additional records identified
E— Records after duplicates through other sources:
removed ClinicalTrials.gov (n = 1), Capes (n = 4) and
- (n = 2,355) List of references of articles read (n = 6)
f=)]
E Y. Y
@ Records screened o Records excluded
a {n = 2,366) (n =2315)
] A 4
;.? Full-text articles assessed . Full-text articles excluded,
2 for eligibility g with reasons
= (n=51) (n = 45)
| No data on primary teeth (7 = 5)
Different intervention (n = 9),
. A 4 outcome (n = 9) or study design
- Four studies from 6 {n = 17: case report, n = 2; case
3 reports included in series, n = 7;.|n vitro or animal, n = 1;
3 quaﬁtative Synthesis and narrative review, n = 2; Commentary,
2 2 studies included in n = 1; split-mouth trial, n = 4)
| the meta-analysis Duplicate publication (n = 1)
Less than 12 months of follow-up
(n=2)
Not able to obtain in full (n = 2%)
* 1 article and 1 dissertation identified through searching Lilacs and Capes, respectively, could not be obtained

Fig. 1. Flow diagram showing the process of identifying, screening, assessing for eligibility, excluding, and includ-

ing studies.

We attempted to contact study authors to obtain missing or un-
clear information.

Two review authors independently read all the studies selected
for inclusion, extracted the data and assessed their risk of bias by
using the Cochrane risk of bias tool [Higgins and Green, 2011].
Disagreements between the review authors over the risk of bias in
particular studies was resolved by consensus with involvement of
a third review author where necessary.

The primary measure of treatment effect was the difference in
mean caries increment at dentin level between SDF and control
groups (MD; mean new decayed, filled, and extracted tooth sur-
faces/teeth in the test group minus mean new decayed, filled, and
extracted tooth surfaces/teeth in the control group). The prevent-
ed fraction (PF; mean increment in control minus mean increment
in intervention groups divided by mean increment in control) was
the secondary measure of treatment effect. When there were more
than 1 relevant intervention and/or comparison groups they were
combined into a single intervention and/or comparison group [Lo
etal., 2001; Chu et al., 2002]. These procedures were performed as
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recommended in the Cochrane Handbook for Systematic Reviews
of Interventions [Higgins and Green, 2011]. Confidence intervals
of PF were calculated using Fieller'’s method [Abrams et al., 1972].
Since the estimate of the between-studies variance under the ran-
dom-effects model has poor precision when the number of studies
is very small [Borenstein et al., 2009], we used the fixed-effect mod-
el and the inverse variance method to obtain pooled estimates of
caries increment as weighted mean differences (WMD) and PF
when fewer than 4 studies were combined. Heterogeneity of stud-
ies was assessed by the ¥ test for heterogeneity and the Higgins
index (I2). The studies in our meta-analyses were grouped accord-
ing to the duration of their follow-up in: less than 24 months and
24 months or more. Placebo or no intervention and active treat-
ment (sodium fluoride varnish, FV, and glass ionomer cement,
GIC) comparison groups were analyzed separately throughout.
We only pooled study results when all necessary data could be ob-
tained. All analyses were carried out in Stata® 14 (StataCorp. LP,
College Station, TX, USA).

Oliveira/Rajendra/Veitz-Keenan/
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Table 2. Characteristics of the included studies

Study/country  Duration of Age of participants, years, Intervention Comparison
: follow-up,  and caries experience at ;

months baseline ;
Bijella, Brazil 24 3-4 12% SDF applications for 2 min, =~ No treatment

dfs = 3.42-4.59 onto all tooth surfaces; 3 groups
(every 3, 6, and 12 months)

Dos Santos, 12 5-6 30% SDF applications for 3min, = GIC used as interim therapeutic
Brazil dft = 4.56-4.71 onto all carious tooth surfaces restoration repeated at the

{once)

6-month evaluation if lost

Llodra, Cuba 36

6 or more (mean 6.29,
SD 0.48)
dmfs = 3.35-3.68

38% SDF applications for 3 min,
onto all carjous primary tooth
surfaces (every 6 months)

No treatment

Chu, China 30

3-5 (mean 4, SD 0.8)
dn'lfsant =473

38% SDF applications (time not
reported), onto active carious
upper anterior tooth surfaces
(every 12 months)

FV (every 3 months) and water
(interval not reported),
applications onto active carious
upper anterior tooth surfaces

SD, standard deviation; SDF, silver diamine fluoride; FV, 5% sodium fluoride varnish; GIC, high-viscosity glass ionomer cement;
dfs, mean number of decayed and filled tooth surfaces in primary teeth; dft, mean number of decayed and filled primary teeth; dmifs,q,
mean number of decayed, missing, and filled tooth surfaces in anterior primary teeth; dmfs, mean number of decayed, missing, and filled

tooth surfaces in primary teeth.

) | Incomplete outcome data (atirition bias)

Bijella 1991

6,

Chu 2002

6} @ G) Balanced groups at baseline (selection bias)

@@
® || ® | (| selective reporting (reporting bias)

Dos Santos 2012

® | ® | @ || Reliability of measurements (misclassification bias)

@ | ® | ® | {3 | Blinding of participants and personnel (performance bias)
® | @ | ® |3 | Blinding of outcome assessment (detection bias)

@ o o @ Random sequence generation (selection bias)
& O | @ | S | Allocation concealment (selection bias)

s
o

/
kN
S

Llodra 2005

Fig. 2. Ascertainment of the risk of bias in the included studies. +,
low risk; —, high risk; ?, unclear risk.
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Results

The searches yielded 2,366 unique records. During the
screening of titles and abstracts for identifying potential-
ly eligible studies, 13 disagreements occurred and 10 of
them resulted from simple oversights on the part of one
of the reviewers and were solved by consensus after a brief
discussion (e.g., a case report, 2 in vitro studies, a trial that
tested the antimicrobial effects of a mouthwash contain-
ing silver nanoparticles). In the other 3 cases, a third re-
searcher (R.N. or A.V.-K.) was consulted, and decision
regarding the inclusion of the studies was reached by con-
sensus. Fifty-one publications were read in full and as-
sessed for eligibility. Six reports of 4 trials that random-
ized 1,118 and analyzed 915 participants were included
(Fig. 1). At baseline, most participants had high caries
experience, were not exposed to fluoridated water but
were regularly exposed to some sort of topical fluoride
product (i.e., fluoride toothpaste or 0.2% sodium fluoride
school-based mouth rinse program). Two trials com-
pared SDF to no treatment [Bijella et al., 1991; Llodra et
al., 2005], 1 compared SDF to both a water placebo and
5% sodium FV [Lo et al., 2001; Chu et al., 2002}, and 1
compared SDF to high-viscosity GIC [Dos Santos, 2011;
Dos Santos et al., 2012]. All trials, except for one [Bijella
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Study WMD (95% ClI) Weight, %
Placebo <24 months
Chu et al. [2002] —_—— -0.79 (-1.20, -0.38) 100.00
Placebo >24 months
Chu et al. [2002)] —_— -1.22 (-1.73,-0.71) 4250
Llodra et al. [2005] —— ~1.10 (-1.54, -0.66) 57.50
Subtotal (I = 0.0%, p = 0.726) = -1.15 (-1.48, -0.82) 100.00
NaF varnish <24 months
Chu et al. [2002] — —0.30 (-0.56, -0.04) 100.00
NaF varnish 224 months
Chu et al. [2002] — -0.43 (-0.70, -0.16) 100.00
GIC <24 months
Dos Santos et al. [2012] -+ 0.34 (-1.02, 1.70) 100.00
r T T 1
-2 -1 0 1 2
Favors SDF treatment Favors no/other treatment

Fig. 3. Comparison between silver diamine fluoride and placebo (or no treatment), 5% sodium fluoride varnish
(NaF varnish) and high-viscosity glass ionomer cement (GIC) regarding the mean increment in the number of
decayed, extracted, and filled surfaces or teeth (dmfs/dmft) in the primary dentition, by duration of follow-up
(24 months or more and less than 24 months). Only data on the comparison between SDF and GIC correspond

to dmft.

et al,, 1991], applied SDF only to caries lesions with the
aim of promoting caries arrest. The included trials dif-
fered regarding type of tooth surfaces treated, interval be-
tween SDF applications, and other aspects that are de-
tailed presented in Table 2.

All studies had at least 1 domain with unclear or high
risk of bias (Fig. 2). One study [Bijella et al., 1991} was
poorly reported and had insufficient information to per-
mit judgment on high or low risk of bias in all domains.
In 2 studies [Chu et al., 2002; Dos Santos et al., 2012] the
investigators described the use of a non-random sequence
generation process and in one study [Bijella et al., 1991]
randomization was not mentioned. Blinding of partici-
pants and reliability of measurements by outcome asses-
sors were classified as being at low risk of bias in all stud-
ies, except for 1 [Bijella et al., 1991]. Overall loss to follow-
up was 15.4% (12 months) [Dos Santos, 2011; Dos Santos
etal., 2012}, 21.5% (24 months) [Bijellaetal., 1991],17.9%
(30 months) [Chu et al., 2002] and 17.5% (36 months)
[Llodra et al., 2005]; in the 4 trials, losses were similarly
distributed in test and control groups. Bijella et al. [1991]
attributed losses to children moving from school or city;
Dos Santos [2011; Dos Santos et al., 2012] did not address
missing outcome data; Llodra et al. [2005] and Chu et al.
[2002] stated that baseline caries experience was similar
in the analyzed test and control children but they did not

28 Caries Res 2019;53:24-32
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clarify whether reasons for missing outcome data were
balanced across groups.

Bijella et al. [1991] did not report standard deviations,
and we were not able to contact any of the study authors.
Therefore, this study was not included in the meta-anal-
ysis. Bijella et al. [1991] showed, after 24 months of fol-
low-up, a 10, 38, and 69% decrease in caries incidence in
primary tooth surfaces in the test groups (12% SDF ap-
plications yearly, biannually and quarterly, respectively)
in comparison to the control group (no treatment). Only
the differences between quarterly versus yearly 12% SDF
applications and quarterly 12% SDF applications versus
no treatment were statistically significant.

The result of the meta-analysis of 2 studies [Chu et al.,
2002; Llodra et al., 2005] comparing SDF applied to caries
lesions to placebo or no treatment, with 24 months of
follow-up or more, showed that SDF applications signifi-
cantly reduced the development of dentin caries lesions
in treated and untreated primary teeth (WMD: -1.15;
95% CI: -1.48 to -0.82 and PF: 77.5%; 95% CI: 67.8-
87.2%). The comparisons between SDF and FV [Chu et
al., 2002] and GIC [Dos Santos et al., 2012] were based on
1 study each; SDF performed significantly better than FV
at 18 and 30 months of follow-up, and GIC performed
better than SDF at 12 months of follow-up, although this
difference was not statistically significant (Fig. 3, 4).

Oliveira/Rajendra/Veitz-Keenan/
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Study PF (95% Cl) Weight, %
Placebo <24 months

Chu et al. [2002] —_— 64.78 (44.19, 78.13) 100.00
Placebo or no treatment 224 months

Chu et al. {2002] —— 76.85 (62.17,86.60) 63.10

Llodra et al. [2005] ——  78.57 (60.78, 92.72) 36.90
Subtotal (1?2 = 0.0%, p = 0.867) <> 7748 (67.78, 87.19) 100.00
NaF varnish <24 months

Chu et al. [2002] —_—————— 4147 (8.62, 63.14) 100.00
NaF varnish >24 months

Chu et al. [2002] —_—— 54.03 (26.63, 73.16) 100.00
GIC <24 months

Dos Santos et al. [2012] ———— —6.09 (-36.04, 16.06) 100.00

) T T 1
~70 =35 0 35 70
Favors no/other treatment Favors SDF

Fig. 4. Comparison between silver diamine fluoride and placebo {or no treatment), 5% sodium fluoride varnish
(NaF varnish) and high-viscosity glass ionomer cement (GIC) regarding the prevented fraction in the primary
dentition, by duration of follow-up (24 months or more and less than 24 months).

We also performed a subgroup analysis combining the
FV and placebo groups in the 2002 study of Chu et al. in
order to estimate the size of SDF caries preventive effects
in comparison to sodium FV applications or placebo. The
WMD were -0.46 (1 study; 95% CI: -0.70 to -0.22) and
-0.80 (2 studies; 95% CI -1.03 to -0.57) at less than 24
months of follow-up and at 24 months of follow-up or
more, respectively. The PF were 49.3% (1 study; 95% CI:
29.9-68.6%) and 71.2% (2 studies; 95% CI: 59.9-82.4%)
at less than 24 months of follow-up and at 24 months of
follow-up or more, respectively.

Two.studies mentioned that adverse events-wereds-
sessed. In one, 3 patients “developed a _small, mildly
painful white lesion in.the.mucosa.due to inadvertent
contaetwith-SPE-selution that disappearedsin48drwith-
out treatment”.| Lladraset-ak;2005]. In the other, it was
reported that no side effects were observed during the
18-month follow-up period [Lo et al., 2001] and that pa-
rental satisfaction with children’s dental appearance and
dental health after 24 months of follow-up was similar
between test and control groups [Chu et al., 2002]. Also,
in these studies, the mean number of nonvital teeth at
the end of the follow-up period was small and not sig-
nificantly different between SDF and placebo or no
treatment groups.

Preventing Caries in Primary Teeth with
SDF

Discussion

This systematic review shows that when SDF is used to
arrest caries lesions in primary teeth it also provides an
anticaries benefit for the entire dentition; that is, 38% SDF
applications decrease by 77% the development of new
caries in treated children in comparison to nontreated
children (2 studies; 558 participants). This estimate of ef-
fect, although large, is based on 2 studies [Chu et al,, 2002;
Llodra et al., 2005] whose potential limitations may lower
our confidence in their findings [Balshem et al., 2011].

One study with unclear risk of bias in all domains that
was not included in the meta-analysis [Bijella et al., 1991]
investigated whether the frequency of 12% SDF applica-
tions on all tooth surfaces, irrespective of their caries sta-
tus, would influence the SDF preventive effect. It showed
that caries incidence after quarterly SDF applications was
significantly lower than after yearly applications but not
significantly different from caries incidence after bian-
nual applications. Although it has also been demonstrat-
ed that for dental caries arrest biannual SDF applications
are superior to yearly SDF applications [Fungetal., 2016],
the ideal interval for SDF applications is still a matter of
debate and deserves further investigation [American
Academy of Pediatric Dentistry, 2017].

Regarding the preventive effect of SDF in comparison
to other active treatments, only 1 study with sodium FV
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[Chu et al., 2002] and 1 study with GIC [Dos Santos et al.,
2012] met our inclusion criteria. The same occurred in
the most recently published systematic review on SDF for
caries arrest in primary teeth [Chibinski etal., 2017]. Tak-
en together these highlight the need for more well-de-
signed clinical trials on the topic.

The head-to-head comparison between yearly 38%
SDF (44.800 ppm fluoride) and quarterly sodium FV
(22.600 ppm fluoride) applications resulted in a 54%
(from 27 to 73%) reduction in new caries experience in
favor of SDE. Also noteworthy, while we found a 77% PF
for the 2 trials comparing SDF to placebo or no treatment
in primary teeth, the corresponding PF in the Cochrane
review on FV for caries prevention (10 trials) was 37%
[Marinho et al., 2013]. Thus, it is probably not necessary
to combine SDF and FV applications in the same patient
[American Academy of Pediatric Dentistry, 2017]. Still,
the anticaries effect of SDF in comparison to or in com-
bination with FV merits additional investigation.

The exact mechanism by which SDF may prevent the
development of new caries lesions is still unknown, and
one should not assume that its apparent greater benefit in
comparison to FV is solely a consequence of its higher
fluoride concentration. Laboratory studies have demon-
strated that an insoluble protective layer of silver chloride
and silver phosphate is formed on tooth surfaces follow-
ing SDF application, decreasing calcium and phosphorus
loss from demineralized enamel and dentin; the actual
role of this silver compound in vivo requires additional
investigation [Zhao et al., 2018].

In the study comparing painting on SDF with sealing
cavities using GIC the point estimate favors GIC over SDF
after 12 months of follow-up [Dos Santos et al., 2012].
However, the differences were not statistically significant.
Caries clinical trials usually last from 2 to 4 years; the time
necessary for significant numbers of lesions to develop at
the cavitation level [Chesters et al., 2004] and statistically
nonsignificant differences in caries after 12 months may
become significant at 24 months [Chesters et al., 2002].
Recent work suggests that SDF application is far simpler
and less expensive than sealants [Niederman et al., 2017].
Thus, a larger comparative effectiveness study lasting at
least 24 months is needed. Supporting this need, although
in situ and in vitro studies have shown that fluoride re-
leased from GIC may slow down the progression of dental
caries lesions in adjacent tooth surface, its clinical effec-
tiveness for adjacent caries prevention awaits clinical trials
[Cury et al., 2015; Tedesco et al., 2016].

Finally, we examined potential side effects. It is well
known that a high proportion of caries lesions arrested by

30 Caries Res 2019;53:24-32
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the use of SDF become black [Gao et al., 2016a], and there
is concern within dentistry about it {Nelson et al., 2016].
Only 1 of the included trials, where 38% SDF was applied
to the upper primary teeth of Chinese kindergarten chil-
dren, examined whether blackening of the carious lesions
was upsetting to the child’s parents. In contrast to the
dentist’s concerns, only 7% of the parents mentioned the
presence of darkened teeth as the cause of their dissatis-
faction with the child’s dental appearance, and there were
no significant differences among SDF, FV and placebo
groups concerning parental assessment of the child’s den-
tal esthetics [Lo et al., 2001; Chu et al., 2002]. The extent
to which these findings can be extrapolated to children of
different cultural backgrounds is unknown, and the influ-
ence of tooth discoloration on treatment acceptability
merits further investigation. For instance, a Web-based
survey using photographs of carious teeth treated with
SDEF conducted in the USA found that parents considered
staining on posterior teeth significantly more acceptable
than staining on anterior teeth. However, most parents
preferred anterior teeth staining to advanced behavioral
techniques such as sedation or general anesthesia [Crystal
et al, 2017].

Other postulated, but currently unreported, adverse
effects include acute or chronic toxicity symptoms, mu-
cosal or gingival inflammation signs and allergic episodes
[Horst et al., 2016] and discomforts associated with SDF
treatment (e.g., metallic taste or burning sensation) [Mei
et al,, 2016]. We did not identify any relevant problems of
this nature in the included studies. Nevertheless, only
data on the occurrence of pulp necrosis were systemati-
cally assessed in some individual trials [Lo et al., 2001;
Chu et al,, 2002; Llodra et al., 2005]. To actively collect
and describe patient-reported outcomes is of utmost im-
portance in clinical trials, and it should be routinely done
in future SDF studies. It is also important to point out that
the mean free fluoride and silver concentrations of 38%
SDF are expected to be 44,800 and 255,000 ppm, respec-
tively. Thus, although no episode of acute reaction or
chronic intoxication caused by SDF was mentioned, SDF
is not recommended for use in children that are allergic
to silver compounds, and caution should be taken in or-
der to avoid the application of a large quantity, particu-
larly in very young children [Horst et al., 2016; Mei et al.,
2013].

Although we performed a comprehensive search, we
found only a very small number of clinical trials having
the development of new caries lesions as outcome mea-
sure. Interestingly, the trials identified for this review
were primarily designed to investigate the SDF potential
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for dental caries arrest and most applied SDF to carious
lesions only [Lo et al., 2001; Chu et al., 2002; Llodra et al.,
2005; Dos Santos et al., 2012]. Among the 6 ongoing trials
testing SDF in children that are currently registered at
ClinicalTrials.gov, all were designed to examine the effect
of SDF in caries lesions, and only 1 of them will assess car-
ies incidence in other teeth. Thus, whether SDF applied
to tooth surfaces (e.g., pits and fissures), irrespective of
their caries status, would have an important role in dental
caries prevention is yet to be investigated, and trials spe-
cifically designed to address this outcome should be en-
couraged.

Since SDF topical applications are simple, safe, inex-
pensive, and have the potential to both arrest and prevent
dental caries in primary teeth, they may have a significant
impact on reducing the burden of untreated dental dis-
ease in children. Nevertheless, the evidence on the pre-
ventive effect of SDF is based on only 2 small positive
clinical trials with important limitations regarding study
design and implementation. More rigorously designed
studies, reported according to the Consolidated Stan-
dards of Reporting Trials Statement (CONSORT) [Schulz
etal,, 2010}, are warranted to ensure unbiased high-qual-
ity evidence on the benefits of SDF applications for caries
prevention.
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