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ABSTRACT

Introduction: Early childhood caries is the most prevalent chronic disease of childhood, and minimally invasive fluoride agents are in-
creasingly used to arrest cavitated lesions without the need for sedation or general anesthesia. Methods: This systematic review followed
the PRISMA 2020 statement and searched PubMed, OpenAlex and Crossref for comparative studies published between 2015 and 2023
that compared 38% silver diamine fluoride with 5% sodium fluoride varnish for arresting carious lesions in children with early childhood
caries. Risk of bias was assessed with RoB 2 and ROBINS-I, and the results were synthesized narratively. Results: Five studies with 609
children were included, comprising four randomized trials and one prospective comparative study. For cavitated dentine lesions, silver
diamine fluoride arrested more lesions than fluoride varnish, with arrest rates of 60.3% versus 50.0% in advanced lesions in one trial and
86.7% versus 13.3% in another, and lower failure rates at 12 months in two further trials. For enamel lesions the two agents were compa-
rable, with 18-month arrest rates of 59.1% and 58.8%. Conclusions: Silver diamine fluoride appears superior to sodium fluoride varnish for
arresting cavitated dentine lesions, whereas the two agents perform comparably on enamel lesions. The evidence is limited by the small
number of studies and heterogeneous outcome definitions.

Keywords: silver diamine fluoride; dental caries; caries arrest; tooth, deciduous; child, preschool; fluorides, topical.

RESUMEN

Introduccioén: La caries de la infancia temprana es la enfermedad crénica mas prevalente de la nifiez, y los agentes fluorados minimamente
invasivos se emplean cada vez mas para detener lesiones cavitadas sin sedacion ni anestesia general. Métodos: Esta revision sistematica
siguiod la declaracion PRISMA 2020 y buscé en PubMed, OpenAlex y Crossref estudios comparativos publicados entre 2015 y 2023 que
compararan diamino fluoruro de plata al 38% con barniz de fluoruro de sodio al 5% para detener lesiones cariosas en nifios con caries de
la infancia temprana. El riesgo de sesgo se evalué con RoB 2 y ROBINS-I, y los resultados se sintetizaron de forma narrativa. Resultados:
Se incluyeron cinco estudios con 609 nifios, que comprendieron cuatro ensayos aleatorizados y un estudio comparativo prospectivo.
En lesiones cavitadas de dentina, el diamino fluoruro de plata detuvo mas lesiones que el barniz de fluoruro, con tasas de detencion del
60,3% frente al 50,0% en lesiones avanzadas en un ensayo y del 86,7% frente al 13,3% en otro, y menores tasas de fracaso a los 12 meses en
otros dos ensayos. En lesiones de esmalte ambos agentes fueron comparables, con tasas de detencién a 18 meses del 59,1% y el 58,8%.
Conclusiones: El diamino fluoruro de plata parece superior al barniz de fluoruro de sodio para detener lesiones cavitadas de dentina,
mientras que ambos agentes tienen un desempefio comparable en lesiones de esmalte. La evidencia es limitada por el escaso numero
de estudios y la heterogeneidad de las definiciones de desenlace.

Palabras clave: diamino fluoruro de plata; caries dental; detencién de la caries; diente primario; preescolar; fluoruros tépicos.
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INTRODUCTION

Early childhood caries is the most prevalent chronic disease of childhood and one of the
most common unmet treatment needs in young children.(T)Untreated caries in the primary den-
tition affects a large proportion of preschool children worldwide and is concentrated in socially
disadvantaged populations, where access to conventional restorative care is limited.(2)Untreated
lesions cause pain and infection, impair feeding and speech, and reduce the quality of life of the
child and the family.(2)The prevalence rises steeply between one and five years of age, and although
the disease is largely preventable, a cavitated lesion rarely reverses once it is established. Because
carious lesions progress rapidly in the primary dentition, treatment in very young children fre-
guently requires sedation or general anesthesia, which carries risks and considerable cost.(3)The
disease therefore poses a double problem: a biological one, because cavitated lesions rarely arrest
without intervention, and a health-system one, because the children with the greatest need are
often the least able to receive conventional operative care. This burden has driven a shift toward
non-operative strategies that arrest cavitated lesions rather than restore them surgically, and cu-
rrent guidance places early intervention to interrupt the caries process at the centre of childhood
caries control.(4,5)

Two professionally applied fluoride agents dominate this non-operative approach. Sodium
fluoride varnish at 5% delivers 22,600 ppm of fluoride, is simple and inexpensive to apply, and has
a long record of preventing caries in children and adolescents.(6)The varnish prolongs contact
between fluoride and the tooth surface, and it is typically reapplied every three to six months in
caries-active children.(6)Silver diamine fluoride at 38% combines a high fluoride concentration with
silver ions, which inhibit cariogenic bacteria, inactivate matrix metalloproteinases and promote
the remineralization of demineralized dentine.(7,8) Clinical trials and systematic reviews have do-
cumented that silver diamine fluoride arrests cavitated dentine lesions at rates generally between
65% and 91%,(9)and professionally applied fluorides also arrest and remineralise carious lesions in
the primary dentition.(10)Systematic reviews of silver diamine fluoride in the primary dentition
have likewise reported arresting as well as preventive effects.(11)The principal drawback of silver
diamine fluoride is the black staining of arrested lesions, which can reduce parental acceptance
and must be weighed against its effectiveness.(12)

Several systematic reviews have addressed the comparison between these two agents, but
their conclusions are discordant and their evidence bases have aged. A meta-analysis published
in 2019 found silver diamine fluoride superior to sodium fluoride for arresting dentine caries in
children,(13) whereas an umbrella review concluded that the comparative evidence was limited by
small samples, short follow-up and heterogeneous outcome measures.(14) A network meta-analy-
sis of non-restorative treatments ranked silver and fluoride strategies together without isolating
the direct head-to-head comparison.(15) The American Dental Association guideline recommends
silver diamine fluoride for cavitated lesions on the basis of this literature, but it judged the direct
comparison with fluoride varnish to be of low certainty.(16) Trials published after these syntheses
have reported conflicting results. Because most of the earlier syntheses were completed before
2021, they could not include the trials published in the last years of the window, which are precisely
the studies that test the comparison in larger samples and with longer follow-up. The narrow ques-
tion of whether 38% silver diamine fluoride arrests more carious lesions than 5% sodium fluoride
varnish in children with early childhood caries therefore remains unresolved.(17)

The objective of this systematic review was to determine whether, in children with early child-
hood caries, the application of 38% silver diamine fluoride arrests a greater proportion of carious
lesions than 5% sodium fluoride varnish, and to appraise the risk of bias and the certainty of the
evidence that supports either agent.(18) The review also compared the two agents separately for
enamel and for dentine lesions, because the two strata respond differently to fluoride.

METHODS

Protocol and registration

This review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analy-
ses 2020 statement.(19)

Eligibility criteria
Eligible studies were randomized or non-randomized comparative clinical studies conducted
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in children with early childhood caries that compared the topical application of 38% silver diamine
fluoride with 5% sodium fluoride varnish and reported caries arrest, lesion failure or lesion progres-
sion in primary teeth as an outcome. In PICOS terms, the population was children with cavitated
or non-cavitated carious lesions in the primary dentition; the intervention was topical 38% silver
diamine fluoride; the comparison was topical 5% sodium fluoride varnish; the outcome was the
arrest of carious lesions expressed as a proportion of arrested lesions or, inversely, as lesion failure
or progression; and the eligible study designs were randomized and non-randomized comparative
studies. The intervention and the comparison were limited to the two named agents, alone or with
the adjuncts described by the authors, and studies in which both arms received silver diamine
fluoride were excluded because they cannot answer the head-to-head question. Studies that com-
pared either agent against a placebo, against no treatment or against a different fluoride were not
eligible, because they do not isolate the head-to-head contrast. Studies published between 2015
and 2023 were considered, in line with the bibliographic window of the journal. Reviews, protocols,
conference abstracts, in vitro studies and single-arm studies were excluded. No language filter
was applied at the search stage, but full-text assessment was limited to reports retrievable in open
access, because the review was designed to be reproducible without institutional subscriptions.
The 2015 lower bound was chosen to keep the evidence base contemporary, and the 2023 upper
bound follows the bibliographic window of the journal volume.

Information sources and search

PubMed, OpenAlex and Crossref were searched for records published between 2015 and 2023.
The search combined terms for silver diamine fluoride, sodium fluoride varnish, caries arrest and
children. The complete PubMed strategy was: (“silver diamine fluoride” OR “diamine silver fluori-
de” OR “silver diammine fluoride”) AND (“fluoride varnish” OR “sodium fluoride varnish” OR “NaF
varnish”) AND (caries OR “dental caries”) AND (arrest OR arresting OR “arrested lesions” OR “caries
arrest”). The same strategy, adapted to the query syntax of each interface, was run in OpenAlex
and Crossref. The three sources were chosen to combine a biomedical database, an open scholar-
ly index and a citation registry, which increases the coverage of records indexed under different
vocabularies. Duplicate records were removed by matching title, authors and year. No additional
records were sought from reference lists or from grey literature, and the search was not limited by
language or by study design at the retrieval stage. The OpenAlex and Crossref queries were built
from the same concept blocks, with the Boolean operators adjusted to each interface, and no field
restrictions were applied beyond the publication-year filter. The searches were not restricted to
English, although every retrieved full text that met the eligibility criteria was written in English.

Study selection

Records were deduplicated and screened by title and abstract, and the full text of potentially
eligible reports was retrieved when available in open access. Selection was performed by a single
reviewer assisted by an automated language model, and every inclusion and exclusion decision
was checked against the eligibility criteria; no independent duplicate screening was performed.
Uncertainties were resolved in favour of full-text assessment, so that any record whose eligibility
could not be settled from the abstract alone was carried forward. A report was excluded at the
full-text stage when both study arms received silver diamine fluoride rather than fluoride varnish,
because such a design cannot answer the head-to-head question. The single excluded report
compared two schedules of the same silver agent, and it was therefore ineligible regardless of its
findings. The automated language model proposed inclusion and exclusion labels, and the reviewer
accepted or rejected each proposal after comparing the record against the eligibility criteria; the
model was not allowed to make final decisions on its own.

Data extraction

For each included study the following were extracted into a structured form: first author and
year, country, design, registration, population, sample size, intervention and comparison, follow-up,
outcome definition, and the arrest or failure estimate for each group with its statistical test and,
where reported, its numerator and denominator. Lesion severity was recorded as reported by the
authors, using the International Caries Detection and Assessment System where the source applied
it.(20)The definition of arrest or failure was transcribed verbatim in each case, because the included
studies did not use a single shared definition. When arrest and failure estimates were reported
for subgroups as well as for the whole sample, the subgroup values were extracted separately so
that the review could preserve the lesion-severity distinction. Each datum was recorded with its
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location in the source document, and extraction was checked against the retrieved full text before
the result was entered into the summary tables.

Risk of bias assessment

Risk of bias of the randomized trials was assessed with the revised Cochrane tool for rando-
mized trials across its five standard domains.(21)The first domain addresses the randomization pro-
cess, including sequence generation and allocation concealment; the second addresses deviations
from the intended interventions; the third addresses missing outcome data; the fourth addresses
measurement of the outcome, in particular blinding of the assessor; and the fifth addresses selec-
tion of the reported result. The single non-randomized study was assessed with the ROBINS-| tool
across its domains, from confounding and selection of participants to classification of interventions,
deviations, missing data, measurement of outcomes and selection of the reported result.(22)For
the non-randomized study, particular attention was paid to confounding by indication, because
consecutive allocation can place children with different prognoses in different arms. Judgements
were based only on information reported in the retrieved full texts, and a domain was rated as
raising some concerns whenever the relevant information was not reported. No judgement was
upgraded or downgraded on the basis of information outside the retrieved document. The overall
judgement followed the tool algorithm: a trial was rated at low risk only when all five domains were
low, at some concerns when at least one domain raised concerns, and at high risk when at least
one domain was high or several domains raised concerns.

Synthesis

Results were synthesized narratively and organized by lesion severity, separating dentine from
enamel lesions because the biological substrate and the expected mechanism of action of the two
agents differ. The included studies measured the outcome at different time points, on different
lesion types and with incompatible definitions, some reporting arrest and others failure, so a quan-
titative meta-analysis was not performed because a pooled estimate would have been clinically
uninterpretable.(23)The planned subgroup distinction between dentine and enamel lesions was
retained as the organizing principle of the narrative synthesis, and the direction of effect within
each stratum was compared study by study. Risk of reporting bias could not be formally assessed
because fewer than ten studies were included, and selective reporting within trials could not be
checked against their protocols in the trials that lacked registration. Because no meta-analysis was
performed, no sensitivity analyses or subgroup meta-analyses were conducted; the robustness
of the finding was instead assessed by checking whether the direction of effect was the same
in the randomized trials and in the non-randomized study. Heterogeneity was described rather
than quantified, and a formal certainty-of-evidence assessment such as GRADE was not carried
out because no pooled effect estimate was produced. The certainty of the evidence is appraised
gualitatively in the discussion, together with the specific limitations that condition it.

RESULTS

Study selection

The searches identified 507 records, and 298 duplicate records were removed, leaving 209
records screened by title and abstract. Of these, 196 were excluded because they did not compare
the two agents of interest, did not address early childhood caries, or were not comparative clinical
studies. Full texts were sought for 13 reports, and 7 could not be retrieved because their full texts
were not available in open access. Of the 6 reports assessed for eligibility, one was excluded because
both study arms received silver diamine fluoride, and 5 studies were included in the review. The
flow of records through screening and eligibility is shown in (Figure 1).
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Figure 1. PRISMA 2020 flow diagram of study selection.
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Note: Records were identified in PubMed, OpenAlex and Crossref and screened against the eligibility criteria. Source: Elaborated by the
authors according to the PRISMA 2020 statement.

Characteristics of the included studies

The five included studies comprised four randomized clinical trials and one prospective com-
parative study, published between 2021 and 2023 and conducted in Egypt, Thailand and Lithuania.
They enrolled 609 children in total, with sample sizes that ranged from 30 to 290 participants, and
follow-up ranged from three to eighteen months. The characteristics of the studies are summari-
zed in (Table ).

The largest trial, by Phonghanyudh and colleagues, was carried out in nineteen public child
development centres in a non-fluoridated area of Chiang Mai, Thailand. It randomized 290 children
aged one to three years, with a mean age of 36.8 months, to semiannual applications of 38% silver
diamine fluoride (Topamine) or 5% sodium fluoride varnish (Duraphat). The analysis included 1974
carious enamel surfaces, and 244 of the 290 children were re-examined at eighteen months, giving
a retention of 84.2%. Arrest was defined as an enamel lesion that did not progress to dentine, and
the analysis was by intention to treat.(24)

The trial by Yassin and colleagues allocated 165 children aged up to four years with 949 active
lesions in rural nurseries around Alexandria, Egypt, to a single application of 38% silver diamine
fluoride (Advantage Arrest) or 5% sodium fluoride varnish (Alpha-Pro White Varnish). The varnish
arm additionally received two sessions of maternal motivational interviewing, at baseline and at
three months, and arrest was measured at six months using the ICDAS lesion activity assessment
on lesions with an ICDAS code of three or more.(25)

Two smaller Egyptian trials from the same research group each enrolled 62 children. The
trial by Rehim and colleagues treated 255 carious primary teeth and reapplied the assigned agent
every six months, recording postoperative pain, new caries and failure of the treated teeth at three,
six, nine and twelve months.(26)The trial by Salamoon and colleagues treated 298 carious primary
teeth, with 175 teeth in the silver diamine fluoride group and 123 in the varnish group, and recorded
discoloration and failure at the same follow-up visits.(27)

The prospective comparative study by Abudrya and colleagues assigned thirty children aged
two to five years, with a mean age of 3.67 years, consecutively rather than randomly to 38% silver
diamine fluoride combined with potassium iodide (Riva Star) or to 5% sodium fluoride varnish
(Duraphat). The children had hypersensitive carious lesions with visible dentine, and arrest and
hypersensitivity were assessed at three months.(28)

Risk of bias
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The trial by Phonghanyudh was judged at low risk of bias because randomization was stra-
tified by caries experience and concealed in sealed envelopes, the examiner was blinded to group
allocation and showed high intra-examiner reliability, the trial was registered prospectively, the
intention-to-treat analysis preserved the randomized groups, and the dropout rate was low and
balanced between groups.(24)The trials by Yassin, Rehim and Salamoon were rated as raising some
concerns. Yassin used a trial-independent person for randomization but reported no blinding of
outcome assessment, so the assessor could in principle have known the allocation when judging
lesion activity, and the registration was retrospective.(25)Rehim and Salamoon did not describe
the sequence generation, the allocation concealment or the blinding of the outcome assessor
in enough detail for a confident judgement, and neither trial reported prospective registration.
(26,27) The prospective comparative study by Abudrya was judged at serious risk of bias because
allocation was consecutive rather than randomized, the study design left open the possibility of
confounding, and the three-month follow-up is too short to capture the stability of arrest.(28)
Across the randomized trials, measurement of the outcome was the domain that raised concerns
most consistently, because three trials did not describe whether the assessor was blinded to the
allocated agent. The risk-of-bias judgements are summarized in (Table 2).

Table 1. Characteristics of the included studies.

Study Country Design Sample Intervention Comparison Follow-up
. . o Single application of 5%
Yassin 2023 Egypt RCT = chllc;lren, g | el gzpliesion NaF varnish plus maternal 6 mo
lesions of 38% SDF o . o
motivational interviewing
Phonghanyudh . 290 children, Semiannual 38% . o .
2022 Thailand RCT 1974 surfaces SDF Semiannual 5% NaF varnish 18 mo
) 38% SDF, o . .
Rehim 2021 Egypt RCT 62 children, 255 reapplied every 5% NaF varnish, reapplied 12 mo
teeth every 6 mo
6 mo
Salamoon 2021 Egypt RCT 2 Ch{gteh”' 222 38% SDF 5% NaF varnish 12 mo
i 0,
Abudrya 2023 Lithuania Prospectlye 30 children o2l .SDF .plu.s 5% NaF varnish 3mo
comparative potassium iodide

Note: SDF = silver diamine fluoride; NaF = sodium fluoride; ICDAS = International Caries Detection and Assessment System; RCT =
randomized clinical trial; mo = months. Source: Elaborated by the authors from the data extracted from each included study.

Caries arrest outcomes

The five studies reported the outcome in two incompatible directions: three measured arrest
and two measured failure, and the lesion stratum differed between studies. The results are therefore
presented by stratum and by direction rather than pooled, and they are summarized in (Table 3).

For cavitated dentine lesions, silver diamine fluoride arrested more lesions than sodium fluo-
ride varnish in every study that separated this stratum. In the trial by Yassin, the overall arrest rate
was 63.7% for silver diamine fluoride and 58.1% for fluoride varnish, a difference that did not reach
statistical significance. When the lesions were divided by severity, the two agents remained similar
for moderate lesions, at 72.9% and 69.6%, but silver diamine fluoride arrested a significantly higher
proportion of advanced lesions, at 60.3% versus 50.0%.(25)The corresponding multilevel regression
estimated that lesions treated with silver diamine fluoride were 1.56 times more likely to be arrested
than those treated with fluoride varnish.(25)

The comparative study by Abudrya reported the largest contrast, with arrest in 13 of 15 treated
teeth after silver diamine fluoride with potassium iodide and 2 of 15 after fluoride varnish, corres-
ponding to 86.7% and 13.3%.(28)This study also observed a larger reduction in hypersensitivity in
the silver diamine fluoride group, although the small sample and the non-randomized allocation
limit the weight that this estimate can carry.

The two Egyptian trials measured failure rather than arrest, and failure at twelve months was
lower with silver diamine fluoride in both. In the trial by Rehim, failure of the treated teeth was
2.6% with silver diamine fluoride and 8.5% with fluoride varnish, and postoperative pain and new
caries followed the same direction, both being significantly more frequent in the varnish group
after nine and twelve months.(26)In the trial by Salamoon, failure was 0% with silver diamine fluo-
ride and 4% with fluoride varnish at twelve months, with the difference statistically significant at
six and twelve months.(27)
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Table 2. Risk of bias of the included studies.

Study Tool Overall judgement Main concerns
Vassin 2023 ROB 2 o — Retrospective registratiocr?ég)::;\criér;%:cfegutcome assessment not
Phonghanyudh 2022 RoB 2 Low None identified
Rehim 2021 RoB 2 Some concerns Randomization method and blinding not reported
Salamoon 2021 RoB 2 Some concerns Randomization method and blinding not reported
Abudrya 2023 ROBINS-I Serious Non-randomized consecutive allocation; 3-month follow-up

Note: RoB 2 = revised Cochrane risk-of-bias tool for randomized trials; ROBINS-| = risk of bias in non-randomized studies of interventions.
Source: Elaborated by the authors from the assessment of each included study.

For enamel lesions the two agents performed comparably. The trial by Phonghanyudh repor-
ted eighteen-month arrest rates of 59.1% for silver diamine fluoride and 58.8% for fluoride varnish,
with a transient advantage for silver diamine fluoride at six and twelve months that disappeared
by eighteen months.(24)Arrest was consistently higher for non-cavitated enamel lesions than for
cavitated enamel lesions in that trial regardless of group, with the chance of arrest for non-cavitated
lesions about 2.9 times that of cavitated lesions.(24)

Across the five studies no systemic adverse effects were reported with either agent. The lar-
gest trial also reported that parental satisfaction with the dental appearance of the children did
not differ between the groups at eighteen months despite the staining associated with silver dia-
mine fluoride.(24)The only repeatedly described drawback of silver diamine fluoride was the black
discoloration of treated lesions, which was documented in the two Egyptian trials and increased
through follow-up in the silver diamine fluoride group, reaching 95.4% of treated lesions by twelve
months in the trial by Salamoon.(27)

Table 3. Caries arrest outcomes by study.

Study Time Outcome SDF group NaF group Difference
Yassin 2023 6 mo Overall arrest 63.7% 58.1% p =0.08
Yassin 2023 6 Mo Arrest in advanced lesions (ICDAS 5-6) 60.3% 50.0% p =0.01
Phonghanyudh 2022 | 18 mo Arrest of enamel lesions 59.1% 58.8% p=0.873
Rehim 2021 12 mo Failure of treated teeth 2.6% 8.5% significant, SDF lower
Salamoon 2021 12 mo Failure of treated teeth 0% 4% significant, SDF lower
Abudrya 2023 3mo Arrest of dentine lesions (ICDAS 5) 86.7% (13/15) 13.3% (2/15) p < 0.001

Note: SDF = silver diamine fluoride; NaF = sodium fluoride; ICDAS = International Caries Detection and Assessment System; mo = months.
Source: Elaborated by the authors from the results reported in each included studly.

DISCUSSION

The main finding of this review is that 38% silver diamine fluoride arrests cavitated dentine
lesions more effectively than 5% sodium fluoride varnish, whereas the two agents are comparable
for enamel lesions. This pattern was consistent across the five included studies despite differences
in design, population, outcome definition and follow-up, and it answers the narrow clinical question
posed at the outset. Separating enamel from dentine strata, rather than pooling a single overall
estimate, is what allows this conclusion, because an overall arrest rate would have averaged away
the one stratum in which the agents genuinely differ.

The superiority of silver diamine fluoride for dentine lesions agrees with the landmark trials
that preceded the inclusion window. The 18-month results of the trial by Duangthip reported arrest
rates of 40% for annual silver diamine fluoride, 35% for weekly silver diamine fluoride and 27% for
weekly fluoride varnish, and the 30-month follow-up confirmed that annual silver diamine fluoride
arrested more cavitated lesions than fluoride varnish.(29,30) The trial by Mabangkhru in children
aged one to three years reported arrest rates of 35.7% for silver diamine fluoride and 20.9% for
fluoride varnish at 12 months, with an odds ratio of 2.04 favouring silver diamine fluoride.(31)The
split-mouth trial by Mani Prakash reported 12-month arrest rates of 77% for silver diamine fluoride
and 42% for fluoride varnish in primary molars.(32)
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The same direction was reported as early as 2002 in Chinese preschool children, in the first
head-to-head comparison of these two agents.(33) These agreements suggest that the
additional antibacterial action of silver ions, which fluoride alone lacks, is decisive once caries has
reached dentine.(13)

The finding for enamel lesions is equally informative. Phonghanyudh observed no difference
between the agents at 18 months, and the early advantage of silver diamine fluoride at 6 and 12
months disappeared once lesions were followed long enough.(24)This is consistent with the me-
chanism proposed for silver diamine fluoride: silver ions act mainly on cariogenic bacteria within
dentine, whereas fluoride alone is sufficient to inhibit demineralization and promote remineraliza-
tion of enamel.(7)Laboratory evidence supports this distinction, showing that silver diamine fluoride
precipitates fluorohydroxyapatite and silver phosphate on the lesion surface, while its antibacterial
effect depends on contact with dentine.(34,35) From a clinical standpoint, a child with predomi-
nantly enamel lesions therefore gains little from choosing silver diamine fluoride over varnish, and
the varnish may be preferred to avoid staining.

The consistency of the pattern across settings is a further strength of the interpretation. The
five studies were conducted on three continents, in fluoridated and non-fluoridated communities,
and in both high-risk nursery populations and clinic populations, yet the direction of the dentine
finding and the null enamel finding did not vary by setting. This stability suggests that the biologi-
cal distinction between dentine and enamel, rather than any local feature of care delivery, is what
drives the different performance of the two agents. At the same time, three of the five studies came
from two research groups in a single country, so the geographic spread should not be overstated.

Discrepancies with other trials are explained by the comparator rather than by a failure of
the intervention. The trial by Milgrom compared silver diamine fluoride with a placebo and cannot
inform the head-to-head question.(36)The trials by Gao compared silver diamine fluoride with silver
nitrate followed by fluoride varnish, a different silver-based combination, and their results therefore
do not bear on the comparison with fluoride varnish alone.(37,38) These distinctions matter because
reviews that pool all silver-containing strategies together can obscure the specific comparison that
clinicians actually face when choosing between the two fluoride agents.(15)

The present synthesis also refines what the earlier reviews concluded. Trieu reported a favou-
rable estimate for silver diamine fluoride over sodium fluoride for dentine caries, and the direction
of the present narrative agrees with that estimate, but the finding here cautions against transplan-
ting it to enamel lesions.(13) The umbrella review by Seifo identified exactly the limitations that
this review encountered in practice: small samples, short follow-up and heterogeneous outcome
measures.(14) The network meta-analysis by Urquhart reached a similar rank ordering of non-res-
torative treatments but did not isolate the head-to-head comparison, which is the comparison this
review was designed to answer.(15)

Several contextual features of the included studies may affect the size of the observed diffe-
rence. Yassin added motivational interviewing to the varnish arm, which could have narrowed the
gap between the groups and understated the advantage of silver diamine fluoride.(25)Phonghan-
yudh was conducted in a non-fluoridated area, where the absence of background fluoride might be
expected to show the full effect of both agents.(24) Abudrya combined silver diamine fluoride with
potassium iodide, an adjunct intended to reduce staining that may also modify the handling and
contact of the agent.(28) These design choices explain part of the variability in the reported arrest
and failure rates, and they should be read as sources of clinical heterogeneity rather than as errors.

The magnitude of the dentine advantage varied with the severity of the lesion and with the
study design. In the largest trial that separated dentine strata, the absolute advantage of silver dia-
mine fluoride in advanced lesions was 10.3 percentage points, whereas moderate lesions showed
no meaningful difference, which suggests that the benefit of silver diamine fluoride becomes
more visible as the lesion extends deeper into dentine.(25)The non-randomized study reported a
much larger gap of 73.4 percentage points, but that estimate is the least reliable because of the
consecutive allocation and the short follow-up.(28)The two failure-based trials showed a smaller
absolute difference of a few percentage points, which is expected when the outcome is the rare
event of failure rather than the common event of arrest.(26,27) Taken together, the advantage of
silver diamine fluoride for dentine lesions is consistent in direction but modest and imprecisely
estimated, and it is larger in advanced than in moderate lesions.

A further interpretive point is the direction in which the outcome was expressed. Arrest and
failure are complementary only when the same denominator and the same threshold are used,
and the two measures emphasize different clinical messages. Arrest describes how many lesions
were stabilized, whereas failure describes how many went on to pain, infection or loss; the two
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failure-based trials therefore provide complementary evidence that silver diamine fluoride also
reduces the downstream events that matter most to the child.(26,27) Reporting both measures
in future trials would make the two literatures easier to reconcile.

Application frequency also differed across the studies and deserves attention. Yassin used
a single application and still found a significant advantage for silver diamine fluoride in advanced
lesions at six months, whereas the two Egyptian trials reapplied the agents every six months and
the Thai trial applied them semiannually.(24,25) This spread suggests that even a single applica-
tion of silver diamine fluoride can arrest advanced dentine lesions in the short term, although the
durability of a single application beyond six months remains untested in this set of studies. The
frequency with which each agent needs to be reapplied is a practical consideration for programs,
because it determines the cost and the burden of repeated visits.

The included studies were also clinically heterogeneous in their outcome measurement. The
two Egyptian trials measured failure rather than arrest, the prospective study added potassium
iodide to the silver diamine fluoride arm, and follow-up ranged from three to eighteen months. This
heterogeneity is the reason a pooled estimate was not calculated, and it limits the precision of any
single summary figure.(23)The consistency of the direction of effect across these heterogeneous
designs, however, argues that the finding for dentine lesions is robust rather than an artefact of
a single setting.

This review has several strengths. It addresses a narrow, clinically defined question with ex-
plicit eligibility criteria, it searched three independent bibliographic sources, and it restricted the
risk-of-bias judgements to information actually reported in the retrieved full texts. The search
window and the eligibility criteria were also specified in advance, which limits the room for post
hoc decisions about which studies to include. The outcome was extracted with its exact numerator
and denominator wherever these were reported, which reduces the risk of transcription error in
the summary tables.

Its limitations are equally specific and each carries a recommendation. First, only five studies
met the eligibility criteria, which is below the target of ten for a systematic review; the certainty
of the evidence is consequently limited by imprecision, and the conclusions should be read as
provisional. This limitation could be overcome by additional head-to-head randomized trials with
longer follow-up and registered protocols. Second, several potentially relevant reports could not be
retrieved in open access and were therefore excluded at the full-text stage; this is a limitation of the
review process rather than of the underlying evidence, and institutional or open-access reporting
of those trials would allow a future update to incorporate them. Third, the studies measured the
outcome in different directions, arrest in some and failure in others, and classified lesion severi-
ty with different criteria; adopting a common core outcome set for caries arrest would improve
comparability across trials. Fourth, screening was performed by a single reviewer assisted by an
automated language model rather than by two independent reviewers, which increases the risk of
selection error; independent duplicate screening is recommended for an update. Fifth, two of the
four randomized trials originated from the same research group, which may over-represent a single
setting in the synthesis; evidence from other centres and populations would test the generaliza-
bility of the finding. Finally, the small number of studies prevented a formal certainty-of-evidence
assessment, so the qualitative appraisal offered here cannot substitute for a GRADE evaluation.

An important clinical distinction is between prevention and arrest. Sodium fluoride varnish
has a large and well-established evidence base for preventing new lesions, whereas the present
guestion concerns the arrest of lesions that already exist.(6)Silver diamine fluoride has been stu-
died principally for arrest, and its preventive role, although reported in the primary dentition, is
less established.(11)The two agents are therefore best understood as complementary rather than
competing: a program could apply fluoride varnish broadly for prevention and reserve silver dia-
mine fluoride for children who already have cavitated lesions. This framing is consistent with the
guideline position that recommends silver diamine fluoride specifically for cavitated lesions while
retaining fluoride varnish as a preventive measure.(16)

The adverse-effect profile also conditions the acceptability of each agent. The retrieved trials
reported no systemic adverse effects for either agent, which is consistent with the safety data
accumulated in older cohorts of preschool children treated with silver diamine fluoride.(39)The
local consequence of silver diamine fluoride is the dark staining of arrested lesions, and the trial
by Salamoon documented black discoloration in almost all treated lesions by twelve months, whe-
reas the varnish group showed little or no staining.(27)Parental acceptance of this staining varies
across cultures and is generally higher when the alternative is sedation or general anesthesia, but
it should be discussed with caregivers before treatment.(40,41)

The practical implication is straightforward. For a child with cavitated dentine lesions, 38%
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silver diamine fluoride is the more effective non-invasive option and should be preferred when the
black staining of arrested lesions is acceptable to the family.(40,41) For enamel lesions, 5% sodium
fluoride varnish offers comparable arrest without staining and remains a reasonable first choice.
(16)These recommendations align with global guidance that positions silver diamine fluoride as
an essential medicine for caries control while acknowledging the aesthetic trade-off.(18)The safety
profile of silver diamine fluoride in preschool children is reassuring, with no systemic adverse effects
reported in the retrieved trials and only the expected local discoloration.(39)

For public health and school-based programs, the findings support a two-track approach in
which fluoride varnish is applied as a preventive measure and silver diamine fluoride is offered to
children with frank cavitation, particularly where referral for operative care is impractical. The main
caveat is that the superiority of silver diamine fluoride for dentine lesions rests on five studies, none
of which was large enough to estimate the effect with precision.

Overall, the certainty of the evidence is low to very low. The randomized trials provide a con-
sistent direction for dentine lesions, but the imprecision introduced by the small total sample, the
risk of bias in three of the four trials and the indirectness of measuring failure instead of arrest all
reduce confidence in any single estimate. The enamel conclusion rests on a single well-conducted
trial, which is reassuring for internal validity but leaves that estimate vulnerable to chance and to
context.

For research, the field would benefit from trials that measure arrest and failure at the same
time points on the same lesion strata, that report numerators and denominators for every compa-
rison, and that separate enamel from dentine lesions in the analysis. Standardizing the outcome
would allow the direct pooled estimate that this review could not produce and would move the
evidence from a consistent direction of effect to a quantified effect size. A commmon core outcome
set for caries arrest, agreed across pediatric dentistry trialists, would remove the main obstacle
to meta-analysis, namely the split between arrest and failure as the primary measure, and could
specify the lesion severity strata, the assessment time points and the definition of a stable arrested
lesion. Future trials should also register their protocols prospectively and describe the randomi-
zation and blinding procedures in enough detail to permit a confident risk-of-bias judgement.

CONCLUSIONS

In children with early childhood caries, 38% silver diamine fluoride arrested a greater propor-
tion of cavitated dentine lesions than 5% sodium fluoride varnish, whereas the two agents arrested a
similar proportion of enamel lesions. The direction of the dentine finding was consistent across the
five included studies, but its certainty is limited by the small number of studies, by heterogeneous
outcome definitions and by the risk of bias in most of the included evidence. The choice between
the two agents therefore depends as much on the lesion type and on the family’'s preferences re-
garding staining as on the average difference in arrest. Until head-to-head trials with standardized
outcomes and longer follow-up are available, the decision should weigh the greater dentine arrest
achieved with silver diamine fluoride against its black staining, which the fluoride varnish avoids.
The present evidence is sufficient to guide the choice of agent by lesion type, but not to quantify
the size of the benefit with confidence.
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