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A B S T R A C T

Various fluoride-containing topical agents like sodium fluoride, acidulated phosphate fluoride, Silver
fluoride, and Silver diamine fluoride (SDF) have also been developed to prevent and intercept dental caries,
particularly in children. SDF in 38% concentration for preventing and arresting dental caries in children.
SDF is applied exclusively to carious lesions, both cavitated and non-cavitated, forming a protective layer
on demineralized enamel and dentin. This layer enhances resistance to acid dissolution and enzymatic
digestion of collagen, promoting mineralization and the formation of hydroxyapatite and fluorapatite SDF is
a versatile treatment option for caries management, offering benefits in various clinical scenarios, including
difficult access cases, high caries risk patients, and prevention of pit and fissure caries. The present article
discusses the utility of SDF in dentistry, with an emphasis on pediatric dentistry
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1. Introduction

Dental caries in pediatric patients, commonly referred
to as "early childhood caries" (ECC), pose a significant
challenge, especially among children under 6 years old.
ECC is a prevalent issue worldwide, particularly affecting
vulnerable and underserved populations.1 It is characterized
by the presence of decayed, missing, or restored teeth in
primary dentition. Untreated ECC can lead to numerous
adverse consequences, including an increased risk of caries
in both primary and permanent teeth, missed school days,
pain, infections, costly emergency treatments requiring
general anesthesia, and hindered growth and development.2

Moreover, children with severe ECC are more likely
to develop dental caries in their permanent dentition.1,2

Therefore, addressing ECC is crucial for improving overall
oral and general health.

* Corresponding author.
E-mail address: jvijaya1278@gmail.com (V. Jagtap).

Preventive measures such as fluoride varnish, fluoridated
toothpaste, and atraumatic restorative treatment (ART)
have proven effective in managing ECC.3 However,
untreated caries and limited access to dental services
remain significant public health issues in developing and
undeveloped nations. Furthermore, behavioral management
techniques and the use of non-invasive methods like cavity
preparation with sharp excavators can help reduce dental
fear in children and promote positive attitudes toward oral
health care.4

"Arresting" caries involves halting the progression of
the disease. This can be achieved through efficient biofilm
removal and preventing the accumulation of pathogenic
microbes.5 While treating dental caries presents challenges,
prevention is preferable to interception, especially in
resource-constrained settings.

Preventive approaches encompass pit and fissure
sealants, topical fluorides, antimicrobial agents, and dietary
modifications. Chemical agents, particularly fluorides, are
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effective in reducing plaque levels and inhibiting bacterial
growth.3 Fluorides enhance enamel resistance to acidic
challenges, inhibit bacterial metabolism, and interfere
with enzyme activity in cariogenic bacteria. Fluoridation
of water, milk, and toothpaste has significantly reduced
dental caries incidence.6 Various fluoride-containing topical
agents like sodium fluoride (NaF), acidulated phosphate
fluoride (APF), Silver fluoride (AgF), and Silver diamine
fluoride (SDF) have also been developed to prevent and
intercept dental caries, particularly in children.7

Overall, ECC is a significant public health concern
among pediatric patients, with preventive measures like
fluoride treatments playing a crucial role in managing and
reducing its impact, especially in vulnerable populations
and developing nations. The present literature review
discusses the advent of SDF as an effective modality with
various practical utility in pediatric dental practice.

2. Historical Aspect

The earliest known medicinal use of silver dates back to
around 1000 BC. Silver nitrate’s effective antimicrobial
properties were first demonstrated by Von Naegeli.8 In
ancient times, silver found its initial use related to teeth in
dental cosmetics, notably with Japanese women practicing
’Ohaguro’ by blackening their teeth to indicate marital
status.9 In 1891, Stebbins showcased the inhibition of caries
using a combination of silver amalgam and nitric acid on
carious teeth.10 A similar effect was achieved by directly
applying silver nitrate to caries lesions, known as "Howe’s
solution."11 Craig et al. reported that the AgF solution
was used in dentistry as early as the 1980s.12 A similar
compound, SDF, has been accepted as a therapeutic agent
by the Central Pharmaceutical Council of the Ministry of
Health and Welfare in Japan for dental treatment since
the 1960s.13 A solution of 38% SDF was also used in
China to arrest caries. Also, a few dentists in Southern
California used SDF to arrest dental caries of young children
with early childhood caries.14 Community projects using
SDF to arrest caries were planned for Cuba, sub-Saharan
Africa, and several African countries.15 While relatively
new to North America, SDF has been used in certain Asian
countries, including Japan and China, since the early 1970s
as a caries-arresting and anti-hypersensitivity agent. Japan’s
Central Pharmaceutical Council of the Ministry of Health
and Welfare established SDF as a therapeutic agent for
dental treatment.16 However, SDF did not gain widespread
popularity outside Japan until the late 1970s.

Over the past few decades, SDF has been utilized in
Australia and China to prevent dental decay. It has also
been incorporated into community dental health programs
in various countries, including Argentina, Brazil, Spain,
and some sub-Saharan African nations. A report in 1995
detailed the use of SDF by healthcare providers in Southern
California, effectively halting caries progression in early

childhood caries cases. Nevertheless, SDF was not readily
available in certain European countries and the USA.14 In
2014, the US Food and Drug Administration approved SDF
for managing tooth hypersensitivity.17

SDF’s extensive use began in China in the early 21st
century as a caries arresting agent in school-going children.
A series of in-vitro studies highlighted SDF’s anti-plaque
potential due to its bactericidal action on Streptococcus
mutans. Between 2005 and 2009, Australia conducted
in-vitro studies confirming SDF’s effectiveness against
Streptococcus mutans and dental biofilm as a caries-
arresting and antimicrobial agent.18,19 Similar studies were
conducted in Nepal and the US, demonstrating SDF’s
efficacy as a caries arresting agent. In 2013, SDF was
utilized to prevent root caries in the elderly.20 Studies in
India provided evidence of the successful use of SDF as
a caries arresting agent. A 2018 study in the USA found
that SDF effectively arrested active caries in the primary
teeth of young children and was well-received by their
parents.21 Numerous ongoing studies in various countries
aim to establish SDF as a valuable tool for dental public
health professionals in addressing dental caries among at-
risk populations.

Initially approved in the United States in 2014 to reduce
dentinal hypersensitivity, Health Canada later approved it
as an anti-caries product. SDF marketed as Advantage
Arrest by Elevate Oral Care, received approval for sale
in Canada in February 2017.22 The U.S. Food and
Drug Administration now recognizes SDF as a therapy
for arresting tooth decay, with an official code (D1354)
designating it as an interim caries arresting medicament.23

Silver compounds have been employed in medicine and
dentistry for over a century, and SDF represents a promising
advancement in caries management.

3. What is it and How Does it Work?

SDF is a clear liquid product consisting of water, 25%
silver, 5.5% fluoride, and 8% ammonia, resulting in a
38% SDF medicinal ingredient content.24 While various
SDF concentrations (10%, 12%, 30%, and 38%) are
available, reviews recommend using a 38% concentration
for preventing and arresting dental caries in children.25 SDF
is applied exclusively to carious lesions, both cavitated and
non-cavitated, forming a protective layer on demineralized
enamel and dentin. This layer enhances resistance to acid
dissolution and enzymatic digestion of collagen, promoting
mineralization and the formation of hydroxyapatite and
fluorapatite. Silver and fluoride ions penetrate enamel (up to
50 µ) and dentin (up to 200 µ), stimulating remineralization
and providing antimicrobial action, which is sustained over
time.26

The antimicrobial action of SDF disrupts bacterial
cell walls, leading to cellular distortions and loss of
viability. Additionally, it inhibits bacterial enzyme activities
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and metabolic processes, ultimately causing microbial
death. Studies have shown that 38% SDF enhances
remineralization of initial carious lesions, outperforming
1000 ppm fluoride toothpaste alone.27 SDF exhibits
approximately 80% caries arrest, with improved results
upon repeat applications, although a single application
becomes less effective over time. It is recommended to
apply SDF semi-annually, with some clinicians suggesting
a one-month follow-up for assessment. Moreover, SDF
applied to carious lesions appears to prevent new caries on
other tooth surfaces, particularly in children.

SDF’s preventive effect surpasses that of fluoride
varnish, especially when accompanied by oral hygiene
education. Its long-term application duration remains
uncertain. In-vitro studies have demonstrated SDF’s ability
to increase biofilm pH, reduce dentin demineralization, and
exhibit antimicrobial action against cariogenic bacteria.28,29

However, SDF-treated teeth may develop black stains due to
silver phosphate precipitation.

The interaction of fluoride with tooth structure and
silver’s antimicrobial role are important considerations.
Silver prevents disulfide bond formation in amino acids and
nucleic acids, disrupting protein and nucleic acid structure
and function, ultimately leading to bacterial cell death.

4. Mechanism of Action

A) Cariostatic Action: Another mechanism involves the
cariostatic action of products resulting from the reaction
between SDF and tooth minerals. SDF reacts with tooth
mineral hydroxyapatite to release calcium fluoride (CaF2)
and silver phosphate (Ag3PO4).30 These products enhance
the resistance of dentin to acid decalcification and inhibit
the penetration of acid into deeper dentin layers. Fluoride
ions in SDF also increase dentin’s resistance to acid, further
reducing acid penetration.27 When applied in vivo, fluoride
ions penetrate dentin to a depth of 50–100 µ.

B) Occlusion of Dentinal Tubules:31 One mechanism
involves the occlusion of dentinal tubules with silver.
This occlusion prevents the invasion of caries through
the dentin’s main channels, the dentinal tubules. When
SDF is applied to dentin, it reduces dye permeability
and enhances electric resistance. Silver and its compounds
from SDF block the diffusion of acid and the invasion of
microorganisms into the dentinal tubules.

The basic chemical reaction is shown below:
Ca10(PO4)6(OH)2 + Ag(NH3)2 → CaF2 + Ag3PO4 +

NH4OH CaF2→ Ca++ + 2F- Ca10(PO4)6(OH)2 + 2F− →
Ca10(PO4)6F2 + 2OH−

The Ag3PO4 that is formed on the tooth is insoluble
in acid attacks. The CaF2 formed as a reaction product
becomes a pool of fluoride ions for the formation of
fluorapatite (Ca10(PO4)6F2). It is also proved that fluoride
ions enhance the calcification of tooth, restore lattice
imperfection, and improve the crystallinity of HA.

Additionally, silver’s oligodynamic action inhibits
microbial growth. The obturation of dentinal tubules
reduces the surface area vulnerable to caries attack and
covers the peritubular zone, the most susceptible part of
dentin to demineralization. These factors contribute to
increased resistance against recurrent caries. Recent studies
also suggest that 38% SDF inhibits demineralization and
preserves collagen in demineralized dentin.

C) Anti-Enzymatic Actions: SDF’s reaction products
with the organic components of the tooth may contribute
to its caries-arresting properties through anti-enzymatic
actions. This antibacterial effect arises from the inhibition
of enzyme activities and the prevention of dextran-induced
agglutination of cariogenic strains of Streptococcus mutans.
Dentin treated with Ag(NH3)2OH by ionophoresis showed
increased resistance to trypsin, potentially due to the
reaction of silver with dentin’s organic components. This
increased resistance to enzymatic degradation may inhibit
caries development. SDF application on tooth surfaces has
also been shown to increase dentin’s resistance to trypsin,
cathepsin, matrix metalloproteinase, and collagenase.32,33

These actions of SDF on tooth organics may further
contribute to caries inhibition.

5. Clinical Recommendations

The procedure to apply SDF is depicted in Figure 1. It
has been suggested that excavation of carious dentin before
applying SDF may not always be necessary. It primarily
addresses esthetic concerns and can be applied for 10
seconds to 3 minutes, with 1 minute being ideal, using
gentle compressed air drying. After shorter applications,
postoperative evaluation and potential reapplication are
advised. Avoid eating or drinking for 30 minutes to 1
hour after SDF application. Regular 6-monthly application
is advised. Informed consent and proper documentation
are crucial due to potential adverse effects such as black
staining. Regular follow-ups are recommended for long-
term success based on individual risks.23

6. Utility of SDF

SDF is a versatile treatment option for caries management,
offering benefits in various clinical scenarios, including
difficult access cases, high caries risk patients, and
prevention of pit and fissure caries.34 The utility of SDF
in dentistry, with an emphasis on pediatric dentistry, is
described below and delineated pictorially in Figure 2.

1. Preventing Early Childhood Caries (ECC): SDF
application can arrest caries in young children,
eliminating the need for invasive treatments that
often face behavioral challenges. It prevents tooth
loss, which can lead to psychological and phonation
problems, and supports normal jaw bone growth and
timely permanent tooth eruption.
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Figure 1: Procedure for the use of Silver Diamine Fluoride

2. Root Caries Prevention: Annual SDF application
effectively arrests root caries, outperforming four times
per year fluoride varnish in both children and elders.

3. Dentinal Hypersensitivity: SDF can treat dentinal
hypersensitivity by occluding dentinal tubules,
reducing sensitivity to mechanical and thermal
sensations. Repeated application has been found
effective.

4. Disinfecting Root Canals: SDF can serve as an
endodontic irrigant by virtue of its potent antimicrobial
properties, reducing microbial load within root canals.

5. Behavioral or Medical Management Issues: Since
SDF is non-invasive and does not involve pain that
is otherwise felt during dental treatment, it is more
accepted by patients, particularly children. It further
reduces the chances to develop dental fear commonly
noted in children due to pain during treatment. In
patients having conditions that contraindicate invasive
treatment procedures, the non-invasive nature of SDF
application enables intervention for the disease.

6. Preventing Secondary Caries: SDF enhances cavity
wall resistance to recurrent caries and can be used as
a preventive measure after restorative procedures.

7. Community Dental Health Programs: SDF offers
advantages in developing countries, including pain
and infection control, affordability, simplicity of
application, minimal infrastructure requirements, and

low infection risk.

7. SDF and Caries

SDF is effective for arresting caries lesions and preventing
new caries in both primary and permanent teeth.19–21 It
can be applied twice yearly as a starting point and is a
viable treatment option for high-risk, high-need patients.
No caries excavation is necessary, but clean surfaces are
desirable for direct contact. Study application times vary,
but manufacturer-recommended times are consistent with
the best results. Initial use on posterior teeth and large
cavities might be considered, with tailored re-application as
needed. Combining SDF and fluoride varnish is an open
question, and alternating their use is a potential solution.
Anterior teeth show higher rates of caries arrest. In clinical
settings, curing light use after drying may improve arrest in
posterior areas not exposed to natural light.

8. Advantages of SDF

The main advantages of SDF include pain and infection
control at an affordable cost, simplicity of treatment,
minimal infrastructure requirements, and a non-invasive
procedure that minimizes infection risk. In clinical
applications, SDF is valuable for managing patients with
high caries prevalence, such as those with xerostomia or
S-ECC.35 It can arrest caries progression, allowing for
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Figure 2: Utility of Silver Diamine Fluoride in pediatric dentistry

comprehensive care at a later date. Studies have shown
SDF’s effectiveness in arresting cavitated and incipient
carious lesions. It is particularly useful in patients with
behavioral problems or medical limitations. SDF is effective
for patients with limited access to dental care, especially
those at high caries risk, medically challenged individuals,
and emotionally challenged children.36 SDF can also extend
treatment plans, improving the quality of life for patients
with prolonged care needs. Additionally, SDF can address
caries problems in masses that don’t have access to
dental clinics which is especially beneficial in low-income
countries. Its antibacterial and caries-preventive properties
make it useful in this context.

9. Safety Concerns about SDF

The average LD50 by oral administration is 520 mg/kg,
and by subcutaneous administration is 380 mg/kg.37 SDF is
considered safe for use, even in children, with a significant
safety margin. For example, a single drop on a 10 kg
child provides a 400-fold safety margin. Preliminary studies
suggest that serum concentrations of fluoride and silver
after topical SDF application pose little toxicity risk when
used in adults. The safety and efficacy of SDF have been
extensively studied over the years which has revealed
certain conclusions regarding its use.

SDF has a higher fluoride concentration than expected
in some commercial products, raising concerns about

toxicity. However, studies from different regions have
shown favorable results with no severe adverse reactions or
dental fluorosis when used appropriately. Pulpal responses
to SDF application have generally been favorable, with no
severe damage reported. There is no evidence to suggest
that SDF causes severe reactions such as contact dermatitis
or stomatitis. Recent short-term studies suggest little to no
toxicity risk when used in adults.

10. Adverse Effects

The major disadvantage is the black discoloration
of arrested carious lesions, particularly aesthetically
unacceptable for anterior teeth.38 It is important to note
that SDF treatment causes permanent black staining of
caries lesions, which may affect a patient’s aesthetic
concerns. Patients’ quality of life and their priorities
regarding physical appearance should be considered when
assessing risks and benefits. This warrants informed consent
and documentation before the SDF application although
acceptance of staining may be higher than expected. SDF
has potential adverse effects in large quantities, including
nephrotoxicity or hepatotoxicity, intestinal irritation, and
graying of the sclera.39

Common adverse effects include taste-induced nausea,
pulpal irritation, and staining, with staining affecting
not only teeth but also soft tissues, restoration margins,
skin, clothing, and operatory surfaces.40 For bonding
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procedures, rinsing may be recommended, but some
studies suggest SDF doesn’t affect the bonding of glass
ionomers and composites. In long-term studies, adverse
pulpal responses were minimal, and there were no reported
deaths or systemic adverse effects when used as per the
manufacturer’s recommendations. Gingival responses have
been minimal, and measures like coating nearby gingiva
with petroleum jelly and using small micro-sponges help
minimize contact.

SDF darkens carious lesions, and applying a saturated
solution of potassium iodide may reduce staining.38 Patients
may experience a transient metallic or bitter taste. SDF
may cause temporary skin "tattoos" but poses no harm and
fades naturally. SDF can stain clinical surfaces and clothing,
requiring immediate cleaning with water, ethanol, or bleach.

SDF does not affect bonding of composite to non-
carious dentin using various bonding systems.41 Rinsing
with water after SDF application can prevent a decrease
in bond strength for GIC. SDF may decrease the dentin
bonding strength of resin-based crown cement, suggesting
rinsing for direct restorations and removal of superficial
dentin for crown cementation.

11. Concerns and Barriers

It may cause grayish-black or black staining, which
should be noted in records to avoid misinterpretation as
incipient caries.38 Pits and fissures are more susceptible
to caries due to their morphology, and topical fluoride
applications are less effective in preventing them compared
to smooth surfaces. Concerns include fluoride dose, tooth
discoloration, and pulpal or gingival reactions. Parents’
acceptance varies, but it tends to increase with barriers to
conventional treatment.42 The black staining following SDF
application is due to silver phosphate formation. Potassium
iodide (KI) may reduce staining, but its effectiveness needs
further investigation.

A study involving parents found that, for posterior
cases, 67.5% of parents tolerated the staining, with 53.6%
preferring SDF treatment over traditional approaches.42 For
anterior applications, these percentages were lower. When
given the choice between SDF and treatment under general
anesthesia, a significant proportion of parents preferred SDF
treatment.

SDF can be a valuable option for noncooperative,
medically compromised patients, those awaiting operating
room treatment, noncompliant individuals, and those with
extensive caries. Informed written consent is crucial before
the SDF application. Patients with a silver allergy, open
lesions, stomatitis, or ulcerative gingivitis should avoid SDF
treatment, as the staining can be permanent in subepithelial
cases.

Contraindications to SDF include allergy to silver,
pregnancy (especially during the first six months of
breastfeeding), breastfeeding, ulcerative gingivitis, and

stomatitis.43 Pregnancy considerations for SDF therapy are
currently limited, and the staining of epithelium typically
resolves with epithelial turnover. SDF is a viable choice for
patients seeking minimally invasive dentistry, not limited to
specific categories of patients.

12. Nano Silver Fluoride (NSF)

NSF is an experimental formulation with silver
nanoparticles, chitosan, and fluoride, offering preventive
and antimicrobial properties without black staining. NSF
is stable, safe, cost-effective, effective in arresting caries,
and has the potential for broader application.44 It is
biocompatible and bactericidal, with low toxicity and
a lack of metallic taste. The agent doesn’t stain dental
tissue black and is suitable for economically disadvantaged
communities. NSF is a promising anti-caries agent and
a potential alternative to SDF. Dietary controls and oral
hygiene instructions are essential components of caries
management in underprivileged communities. Both SDF
and NSF are promising anti-caries agents with advantages
and some concerns.45 SDF has been extensively studied
and used clinically, while NSF offers a potential alternative
with the advantage of not staining dental tissue black.
Further research and clinical trials are needed to assess their
long-term safety and effectiveness.

13. Conclusion

In conclusion, Silver Diamine Fluoride has demonstrated
antibacterial properties, remineralization capabilities, and
potential benefits in caries control, particularly in young
children. While black staining is a known side effect, the
health advantages of preventing tooth decay, especially in
areas with limited access to dental care, outweigh this
concern. However, maintaining good plaque control remains
essential for successful caries control. SDF has the potential
to revolutionize pediatric and community dentistry due to its
safety, efficiency, feasibility, and effectiveness in preventing
and arresting dentine caries.
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