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children: a systematic review
Zeinab O. Tolba1,4* , Heba S. Hamza1, Dalia M. Moheb2, Hassan E. Hassanein3 and Hend M. El Sayed1

Abstract

This systematic review was performed to compare the effectiveness of two concentrations (12% versus 38%) of
silver diamine fluoride (SDF) in arresting cavitated dentin caries among children. A search of randomized clinical
trials was performed in six databases: PubMed, Scopus, the Latin American and Caribbean Health Sciences Literature
database (LILACS), the Cochrane Library, Turning Research Into Practice (TRIP) database (Trip medical database), and
National Institute for Health and Care Excellence (NICE Evidence Search) database. A manual search was performed
on the reference lists of all primary studies for additional relevant publications. No restrictions on publication date
or languages were involved. Full-text versions of the papers that appeared to meet the inclusion criteria were
retrieved for further assessment and data extraction. The initial search identified a total of 373 articles; three
publications were found to meet the inclusion criteria. Risk of bias assessment was performed. The three
publications agreed that the 38% SDF had a higher chance of arresting dentin caries in primary teeth than the 12%
SDF concentration. Further trials are needed for establishing a suitable protocol in the view that the higher the SDF
concentration and frequency of application, the higher the incidence of black staining.
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Background
Dental caries is a common disease worldwide [1]. The
treatment strategies have pursued more radical approach
by trying to arrest dental decay via remineralizing thera-
pies rather than the classical restorative treatment. Topical
silver diamine fluoride (SDF) application has been intro-
duced with promising effectiveness in arresting active
caries and also in preventing new carious lesions [2–4]. It
has been especially used in primary teeth because of its
manifest potential in special conditions such as early
childhood caries (ECC), pediatric patients with special
needs, patients suffering from behavioral or medical issues
impeding conventional therapy, those with salivary

dysfunction, and also those who cannot afford or access
regular dental medical care [4].
SDF application is an inexpensive, non-invasive, quick,

and painless procedure that has proved to be 89% more
effective than other treatments or placebo. Its use is
simple and readily learned by dental health professionals
[4, 5]. SDF acts by promoting remineralization of tooth
structure via its fluoride content, whereas its silver com-
ponent has an anti-bacterial effect [6, 7]. Teeth dis-
coloration is its main disadvantage that might cause
dissatisfaction of the patient or his parents [8].
Several protocols have been investigated aiming at

optimization of its efficiency to incorporate SDF applica-
tion in the clinical dental practice [9]. Clinical studies have
proved the effectiveness of the 38% concentration in pre-
venting and arresting ECC [2, 3, 10–12]. However, due to
its high fluoride content of 44,800 ppm that poses the risk
of dental fluorosis, a low concentration of 12% has been
introduced to minimize such complication [13].
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The aim of this systematic review is to answer the fol-
lowing participant, intervention, comparator, and out-
come (PICO) question: Is the application of 12% SDF as
effective as the 38% SDF in arresting cavitated dentin
caries among children?

Methods
This systematic review followed the PRISMA statement
for reporting systematic reviews and meta-analysis [14].

Information sources and search strategy
Two independent investigators performed systematic
searches for the publications in six databases: PubMed,
Scopus, the Latin American and Caribbean Health Sciences
Literature database (LILACS), the Cochrane Library, Turn-
ing Research Into Practice (TRIP) database (Trip medical
database), and National Institute for Health and Care Excel-
lence (NICE Evidence Search) database. The search strategy
was based on controlled vocabulary (MeSH terms) of the
PubMed database along with free keywords that were com-
bined with the Boolean operator [OR] within each concept
of the search strategy. The “participant” and “intervention”
concepts from the PICO question were combined with the
Boolean operator [AND]. The search was updated till
February 1, 2018. The terms used in the PubMed database
were as follows: (((“Dental Caries”[Mesh]) OR “Tooth
Demineralization”[Mesh])) AND (((((((((((((“silver diamine
fluoride” [Supplementary Concept]) OR silver diamine
fluoride) OR silver diamine fluoride caries) OR (silver
diamine fluoride and caries)) OR prevention of secondary
caries by silver diamine fluoride) OR caries silver diamine
fluoride) OR silver diamine fluoride root) OR silver diamine
fluoride clinical) OR silver diamine fluoride pulp) OR silver
diamine fluoride root caries) OR silver diamine fluoride in
dentistry) OR effectiveness silver diamine fluoride) OR
silver diamine fluoride pediatric). The same strategy was
used for the other electronic databases.
A manual search was performed on the reference lists of

all primary studies for additional relevant publications. No
restrictions on publication date or language were applied.
Grey literature was explored using the Grey Literature Re-
port. To find unpublished and ongoing trials, the Clinical-
Trials.gov registry (www.clinicaltrials.gov) was searched.
Full-text versions of the papers that appeared to meet the
inclusion criteria were retrieved for further assessment
and data extraction.

Eligibility criteria
Only randomized clinical trials (RCTs) comparing the
effectiveness of the 12% versus 38% concentrations of
SDF in arresting cavitated dentin caries among children
aged 3–12 years old were included.

Study selection and data collection process
The articles were selected by title and abstract according
to the described eligibility criteria. Articles appearing in
more than one database were considered only once. The
non-English studies were translated into English.

Data collection and analysis
Two independent investigators reviewed the full texts
that met the inclusion criteria. Each included study
received an ID, combining first author, and year of publi-
cation. Data about subjects including age (mean ± SD
and range/years), type of teeth, total number of patients/
drop-outs, grouping, trial length (months), follow-up
period (months), application frequency, and outcome
were extracted.

Risk of bias in individual studies
The risk of bias of each study was performed according
to the risk of bias assessment tool recommended by the
“Cochrane Handbook for Systematic Review of Interven-
tions” [15]. The Collaboration’s recommended tool for
assessing the risk of bias is a domain-based evaluation.
The assessment criteria contained 6 domains: sequence
generation, allocation concealment, blinding, incomplete
outcome data, selective reporting, and other possible
sources of bias. Critical assessments were made sepa-
rately for different domains. Judgment for each entry
consisted of recording “yes” (low risk of bias), “no” (high
risk of bias), or “unclear” (either lack of information or
uncertainty over the potential for bias).

Results
Search results and study selection
The initial search identified a total of 373 articles.
Among them, 194 articles were removed being duplicate
records. After screening the title and abstract, two inde-
pendent investigators reached separately an agreement
on three publications that fulfilled the search eligibility
criteria and subsequently their full-texts were studied
(Fig. 1).

Characteristics of included articles and assessment of the
risk of bias
The characteristics of the three selected publications are
shown in Table 1. All were clinical trials [16–18]. The
mean (SD) age of the patients was 5.2 (1.2) years [16] and
3.8 (0.6) years [17, 18]. The three publications involved
only primary teeth. The number of patients studied was
976 children [16] and 888 [17, 18]. SDF was used in two
concentrations 12% versus 38%. The protocol of SDF
application in the first publication was one application for
2min at baseline [16]. In the latter two, the study subjects
were treated every 6months: for the annual groups, SDF
was applied alternating with normal saline as a placebo,
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while in the biannual group, SDF was applied in each visit
[17, 18]. The follow-up periods ranged from 6 to 30
months: 6 and 12months follow-up [16, 17], 18months
follow-up [17], 24 months follow-up [16, 18], and 30
months follow-up [18]. The outcomes were as follows:

Caries arrestment—12% SDF versus 38% SDF
This is summarized in Tables 1 and 2.
Yee et al. [16] found that at 6, 12, and 24 months, the

mean number of arrested carious surfaces was signifi-
cantly higher in the two groups treated with 38% SDF
than in the 12% SDF and control groups (Table 1). The
difference observed at 6 months decreased over 24
months, but remained statistically significant. The black
discoloration of the carious dentin after SDF treatment
was probably the most notable undesirable side effect. In
the study, there were no other adverse effects observed
or complaints from either parents or the children con-
cerning the SDF treatment.
Fung et al. [17, 18] reported that at 18months follow-

up, caries arrest rates were 50%, 55%, 64%, and 74% for
groups 1, 2, 3, and 4, respectively (p < 0.001) (Table 1).
Lesions of the children receiving biannual SDF application
had a higher chance of becoming arrested compared with

those receiving annual SDF application (odds ratio [OR],
1.33; 95% confidence interval [CI], 1.04–1.71; p = 0.025).
The interaction between concentration and lesion site was
statistically significant (p < 0.001). Compared with 12%
SDF, the use of 38% SDF increased a chance of becoming
arrested (p < 0.05), except lesions on occlusal surfaces.
Based on the 18months’ results, SDF is more effective in
arresting dentin caries in the primary teeth of preschool
children at 38% concentration than 12% concentration
and when applied biannually rather than annually.
While at the 30 months’ examination, the mean (SD)

numbers of tooth surfaces with arrested caries were 2.59
(2.94), 2.85 (2.91), 3.20 (3.71), and 3.49 (3.27) for groups
1, 2, 3, and 4, respectively (ANOVA, p = 0.030; post hoc
Bonferroni test: group 1 < group 4, p = 0.032) (Table 1).
Moreover, the caries arrest rates were 55.2%, 58.6%,
66.9%, and 75.7% for groups 1, 2, 3, and 4, respectively
(p < 0.001). Caries treated with 38% SDF had a higher
chance of becoming arrested than those treated with
12% SDF (OR, 1.98; 95% CI, 1.51–2.60, p < 0.001). The
interaction between the frequency of SDF application
and visible plaque index (VPI) score was significant
(p = 0.017). Among those children who received annual
SDF application, children with a higher VPI score had a

Fig. 1 PRISMA flow chart 2009
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lower chance to have their caries become arrested (OR,
0.59; 95% CI, 0.49–0.72). The study did not report any
major long-term or permanent adverse effects, apart
from the black staining on the arrested caries lesions at
18 and 30 months follow-up.

The three publications had a low risk of bias regarding
the sequence generation, performance bias (as dentists
and personnel were blinded), blinding of outcome asses-
sors, selective reporting bias, and other risks of bias
[16–18]. The allocation concealment was at low risk of

Table 1 Summary of the studies selected for this systematic review

Study ID Subjects
age
(years)
Range,
mean
(SD)

Teeth Total no. of
patients/
drop out

Grouping Trial
length/
months

Outcome

Yee
et al.
[16]

3–9, 5.2
(1.2)

Primary
teeth

976
children
At 6
months,
908
At 12
months,
768
At 24
months,
634

Group 1: One application of
38% SDF for 2 min without a
reducing agent
Group 2: One application of
38% SDF for 2 min with tea
as a reducing agent
Group 3: One application of
12% SDF for 2 min without
a reducing agent
Group 4: No treatment for
carious teeth
This was the control group.

24 Mean number of active cavitated
surfaces at baseline that changed at 6, 12,
and 24 months’ follow-up examination into
surfaces with arrested cavitated caries

Fung
et al.
[17, 18]*

3–4, 3.8
(0.6)

Primary
teeth

888
children
At 6
months,
888
At 12
months,
850
At 18
months,
831
at 24
months,
806
at 30
months,
799

Group 1: 12% SDF applied
every 12months
Group 2: 12% SDF applied
every 6 months
Group 3: 38% SDF applied
every 12months
Group 4: 38% SDF applied
every 6 months

18 (2016)
30 (2018)

Tooth surface-level caries arrest rates at
6, 12, 18, 24, and 30 months’ examinations n/N (%).
Mean (SD) numbers of tooth surfaces with arrested
caries at 30 months follow-up.

*Fung et al.: Two publication reports with different follow-up [first 2016 (6, 12, and 18 months follow-up); second 2018 (24 and 30 months follow-up)]

Table 2 Caries arrestment—12% SDF versus 38% SDF

% 12% SDF 38% SDF

Study ID Yee et al. [16] Fung et al. [17, 18]* Yee et al. [16] Fung et al. [17, 18]*

Application frequency One at baseline
for 2 min

At baseline and
every 12months

At baseline and
every 6 months

One at baseline
for 2 min

At baseline and
every 12months

At baseline and
every 6 months

Follow-up
examinations

6
months

2.3 (0.2)† 337/1051 (32.1)‡ 346/1072 (32.3)‡ 4.2 (0.3)† 471/1073 (43.9)‡ 449/1024 (43.8)‡

12
months

1.7 (0.3)† 409/1007 (40.6)‡ 502/1046 (48.0)‡ 3.4 (0.3)† 540/1041 (51.9)‡ 618/987 (62.6)‡

18
months

487/976 (49.9)‡ 566/1028 (55.1)‡ 649/1019 (63.7)‡ 701/953 (73.6)‡

24
months

1.5 (0.3)† 504/937 (53.8)‡ 591/999 (59.2)‡ 2.1 (0.3)† 620/971 (63.9)‡ 698/912 (76.5)‡

30
months

512/927 (55.2)‡ 578/987 (58.6)‡ 650/971 (66.9)‡ 685/905 (75.7)‡

2.59 (2.94)† 2.85 (2.91)† 3.20 (3.71)† 3.49 (3.27)†

*Fung et al.: Two publication reports with different follow-up [first 2016 (6, 12, and 18 months follow-up); second 2018 (24 and 30 months follow-up)]
Outcome measurement units: †mean (SD) numbers, ‡caries arrest rate n/N (%)
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bias in one publication [18] and “unclear” in the other
two publications [16, 17]. Regarding blinding of patients,
two publications were at low risk of bias [17, 18] and
one was at “unclear” risk [16]. Risk of incomplete out-
come data (attrition bias) showed a low risk of bias in
two publications [17, 18] and a high risk of bias in one
publication [16]. Risk of bias assessment is presented in
Fig. 2 and Additional file 1: Tables S1-3.

Discussion
Silver diamine fluoride (SDF) at a concentration of 38%
(44,800 ppm fluoride) is the highest among fluoride
agents used in dental practice [8]. Gao et al. [19] in a
systematic review reported that it is the most commonly
used concentration and is effective in arresting caries
among children.
This high fluoride concentration has been an area for

concern because of the possible risk of dental fluorosis.
SDF stains carious dentin black permanently due to the
formation of silver phosphate [4], particularly with the
used of higher concentrations and/or more frequent
repeated applications [13]. This dark staining may limit
its clinical use due to cosmetic purposes especially with
esthetically demanding patients, particularly when used
over the visible upper anterior teeth surfaces, which
happen to be the common sites for ECC [13]. Hence, a
lower concentration of 12% (14,150 ppm fluoride) has
been introduced for the purpose of minimizing the inci-
dence of such complication [20].

The present systematic review was performed in six
databases, Grey Literature Report, manual search, and the
ClinicalTrials.gov registry, yet the number of publications
meeting inclusion criteria was only three [16–18]. Regar-
ding the three included publications, two of them were
follow-up publication reports for one clinical trial. Hence,
a meta-analysis could not be performed on these studies.
The protocol of SDF application in the first publica-

tion was one application at baseline with 6, 12, and 24
months follow-up. The outcome measurement unit was
mean (SD) numbers at all follow-up examinations [16].
While in the other two publications, it was annual and
biannual SDF applications with 6, 12, 18, 24, and 30
months follow-up. The outcome measurement units
were caries arrest rates at all follow-up examinations as
n/N (%) and mean (SD) numbers at 30 months follow-
up only [17, 18]. This non-similarity made the com-
parison difficult. However, the three publications showed
that caries of primary teeth in children treated with 38%
SDF had higher chances of becoming arrested than
those treated with 12% SDF.
Furthermore, Yee et al. [16] reported that the out-

comes of 24 months’ SDF study of a single spot applica-
tion of 38% SDF were effective in arresting caries
lesions, but this effectiveness decreased over time, and
that 12% SDF was not effective, while Fung et al. [17]
found that SDF is more effective in arresting dentin
caries in the primary teeth of preschool children at 38%
concentration than the 12% concentration when applied
biannually rather than annually, assessed at 18 months

Fig. 2 The assessment of the risk of bias
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follow-up. These findings were consistent with the 30
months follow-up reported in 2018 [18].
In the current systematic review, the children were up

to 9 years of age; however, the three publications
included only primary teeth. This could be attributed to
the fact that SDF is not commonly used in permanent
teeth, probably due to the staining potential and primary
teeth exfoliation [5].
Moreover, Fung and his colleagues published another

article in the year 2018 under the authorship of Duangthip
et al. [21] assessing the adverse effects of SDF application
which was mainly the black staining, using the same
participants and excluding any variations. They reported
that there were statistically significant differences in the
numbers of blackened carious lesions among four SDF
groups (annual and semiannual applications, for the 12%
and 38% SDF concentrations) at 18 and 30months follow-
up (χ2 test, p < 0.001). When compared with those treated
with 12% SDF, lesions in the children receiving 38% SDF
had a higher chance of becoming black (OR, 3.29; 95% CI,
2.84 to 3.81; p < 0.001). Lesions treated semiannually had
a higher chance of becoming black than those treated
annually (OR, 1.69; 95% CI, 1.46 to 1.95; p < 0.001).
Further research is necessary to find a protocol that is

effective in arresting dental caries yet avoids or mini-
mizes the staining problem of SDF.

Conclusions
Based on this systematic review of the included primary
studies, 38% SDF solution is more effective in arresting
dentin caries of primary teeth compared to 12% SDF.
Further primary clinical trials are needed to develop evi-
dence-based protocols concerning SDF lowest effective
concentration with reasonable frequency of application
for arresting caries.
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