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Introduction
Early childhood caries (ECC) has been regarded as one of the most 

prevalent chronic diseases in early childhood. Many studies show ECC 
was often neglected and most of the decay was left untreated [1]. Early 
treatment of ECC is important because untreated caries can lead to 
pain, sepsis and spreading infection, malnutrition due to the inability 
to eat, and poor general health. Children with severe ECC or those who 
are not able to cooperate well for traditional restorative treatment often 
require general anaesthesia [2]. The cost of dental care is high.

The traditional way to manage ECC involves surgical removal 
of all the infected and softened dental tissue followed by the filling 
of the cavity to restore the function and aesthetics of the tooth [1]. 
With better understanding of caries pathology and evidence from 
clinical trials, it is generally accepted that arresting caries treatment 
can effectively prevent caries from progressing. Some researchers 
and dentists proposed a paradigm shift from surgical to non-surgical 
caries management in children [3]. In addition, managing ECC by 
conventional restorative methods alone is insufficient at tackling this 
prevalent disease, particularly when dental equipment and manpower 
are not readily available in disadvantaged communities or developing 
countries. 

Children, in particular those who are young or apprehensive, are 
not able to cooperate for lengthy, complex restorative procedures. 
Children who are from disadvantaged families cannot afford the cost 
of restorative treatment. Therefore, in recent decades, arresting caries 
treatment has gained more and more attention in community dental 
care to stop caries from progressing. Although the dental aesthetics is 
not pleasing, children with arrested caries will at least be less susceptible 
to suffering from pain and infection. More complex procedures can 
be carried out when children are cooperative enough or when the 
resources are available. This also facilitates access to dental care for 
children in developing countries.

There are various methods proposed to arrest dental caries in 
children, such as xylitol gum chewing and the use of fluoridated 

agents. These methods in general do not require complex equipment 
and can be carried out in non-clinical environments. Fluoride can 
be self-applied at home or at school, or professionally applied at a 
higher fluoride concentration by dental professionals. Among these 
caries arresting methods, topical application of silver diamine fluoride 
(SDF) has been receiving more and more attention due to its low cost 
and simplicity in treatment. The advantages of caries treatment with 
SDF include its attributes of pain and infection control, ease of use, 
low material costs, non-invasive nature of the treatment procedure, 
and minimal requirement for personnel time and training. A recent 
systematic review concluded that SDF treatment may fulfil the World 
Health Organization (WHO) Millennium Goals and the United States 
Institute of Medicine’s criteria for 21st century medical care [4]. SDF 
treatment can potentially increase access to care, improve oral health, 
and reduce the need for emergency care and treatment [4]. This review 
article discusses the rationale of arresting caries treatment, mechanism 
of action of SDF, and safety and complications of SDF treatment in 
children. A literature search using Pubmed was performed to review 
the clinical trials using SDF to manage ECC.

Rationale for arresting caries in children

The purpose of arresting caries treatment is to halt or slow down 
caries progression in order to minimize children’s discomfort and 
potential pulpal damage. Dental caries occurs when demineralisation 
outweighs remineralisation, resulting in net loss of tooth minerals 
[5]. In addition to demineralisation, dental caries also involves the 
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breakdown of collagen fibres. Once caries progresses through the 
highly mineralized enamel to the underlying dentine, destruction 
spreads laterally and pulpally. 

Conventional caries treatment involves removal of all infected 
dentine together with demineralised dentine because it has long 
been accepted that demineralised dentine cannot regain its structure. 
In an acidic environment, calcium and phosphate are lost from the 
mineralised dental tissue. However, it is important to note that dental 
caries is a dynamic process. Therefore, it can, theoretically, be arrested at 
any stage, even in the presence of cavitations [6,7]. Subsequent studies 
have shown that two layers of dentine lesion with distinct microscopic 
and chemical structure can be identified [8,9]. The outer dentine layer 
is called the infected layer because it is infected with bacteria. The inner 
dentine layer is called the affected layer because the dentine is softened 
(affected) by plaque acid but scarcely infected with bacteria. This 
affected dentine layer still contains a high concentration of mineral 
salts and, thus, can be re-mineralised if the surrounding conditions are 
favourable for mineralisation [7]. When dentinal tubules in the area 
between the soft and hard dentine are obstructed with large mineral 
crystals, dental caries can be arrested [8].

Arrested dentine caries is clinically characterized by its increase in 
hardness and a dark brown to black coloration [5]. Clinical studies show 
that carries in primary teeth can be arrested by chewing xylitol chewing 
gum [10], brushing with fluoride toothpaste [11], or having fluoridated 
agents professionally applied, such as fluoride varnish [12] and SDF 
[12-14], or sealing cavities with fluoride-releasing glass ionomer 
cement [13,15]. In vitro studies also show that the surface layer of the 
arrested lesion contains a high mineral content. An arrested carious 
lesion is less permeable, more resistant to acid dissolution, of high pH 
value, and displays less enzyme activities when comparing with active 
caries [16]. Also, histopathological studies in arrested carious lesions 
in primary teeth reveal a significantly more favourable pulpal status 
than active caries [17,18]. These studies suggest that arresting caries 
treatment can be a conservative treatment option in managing dentine 
caries in primary teeth.

Mechanism of action of SDF 

The exact mechanism of SDF is not understood. Yamaga and his 
co-workers suggest that both fluoride ions and silver ions contribute to 
its mechanism of action [19]. They propose that fluoride ions act mainly 
on tooth structure while silver ions act mainly on cariogenic bacteria. 
SDF reacts with hydroxyapatite [Ca10(PO4)6(OH)2] in an alkaline 
environment to form calcium fluoride (CaF2) and silver phosphate 
(Ag3PO4) as major reaction products. CaF2 provides sufficient fluoride 
for the formation of fluoroapatite [Ca10(PO4)6F2], which is less soluble 
than hydroxyl apatite in an acidic environment.

The precipitated Ag3PO4 forms an insoluble layer over the 
tooth surfaceandacts as a phosphate ions reservoir to facilitate the 
transformation of hydroxyapatite to fluoroapatite [20]. The overall 
reaction can be summarized by the following equation:

Ca10(PO4)6(OH)2 + Ag(NH3)2F  CaF2 + Ag3PO4 + NH4OH

Mei and her co-workers found that SDF provides an alkaline 
environment to render CaF2 less soluble and, therefore, serves as a 
fluoride reservoir for acid challenges by cariogenic bacteria [21]. In 
vitro studies show that SDF can inhibit demineralisation of hydroxyl 
apatite and preserve collagen from degradation in demineralised 
dentine tissue [21,22]. In addition, collagen breakdown of dentine 

was significantly reduced [23], and dentine hardness was significantly 
increased after SDF application [22].

SDF also has antibacterial properties. Silver ions can bind with 
negatively charged peptidoglycans in bacterial cell walls and disrupt 
membrane transport function, which in turn leads to cellular 
distortions and loss of viability [24]. Binding to sulphydryl groups 
(thio group of cystine), which is essential for enzyme activities [25], 
can inhibit bacterial enzyme activities, disrupt metabolic processes, 
and eventually cause death of the microbe [26]. This was demonstrated 
by the inhibition of plaque formation on enamel and dextran-induced 
agglutination of Streptococcus mutans [20,25]. Silver ions can oxidize 
thiol groups and, therefore, reduce acidogenicity of dental plaque [27]. 
Moreover, silver ions inhibit bacterial DNA replications by attaching 
to guanine [28]. In vitro studies show that silver ions can inhibit 
adherence of carcinogenic bacteria to enamel surfaces [29], formation 
of Streptococcus mutans biofilm [30], and growth of Streptococcus 
mutans and Lactobacilli acidophilus [31].

Safety and adverse effects of SDF

A literature search found that there were no reported cases about 
acute toxicity or significant adverse effects after professional application 
of SDF. It is plausible that there is a minimal chance of excess silver 
accumulation causing toxicity because only a minute amount of SDF 
is applied to the dental tissue semi-annually or annually. Previous 
studies suggest that SDF did not cause severe pulpal reactions, and no 
severe pulpal damages have been reported [12,32]. An ex vivo study 
shows that over 90% of the deep carious primary teeth treated with SDF 
showed favourable pulpal response histologically, which was evidenced 
by the presence of abundant reparative dentine and a wide odontoblast 
layer [33]. 

Mild but transient gingival irritation can occur in the gingival 
margin after SDF application. There may also be presence of a small, 
white lesion intheoral mucosa, but generally it will heal spontaneously 
within two days [12,32,34,35]. Prevention by applying Vaseline over 
the gingival margin was proposed to prevent soft tissue irritation [36]. 
SDF can leave behind a black stain that may last a few weeks. Therefore, 
it is important to ask the children not to spit or rub the saliva over their 
face after SDF application. Furthermore, measures should be available 
to prevent accidental spillage onto the clothes or skin of the children. 
The brown or black staining can be permanent. Although contact 
dermatitis was reported after sodium fluoride varnish application [37], 
so far, no such condition was reported after SDF application. 

The 38% SDF contains 44,800 ppm fluoride. Dental fluorosis could 
be a hypothetical risk for children due to the high concentration of 
fluoride ions. In vitro studies show that application of 4% silver fluoride 
(AgF) (6,000 ppm F) could induce fluorosis in rats [38]. In a solution 
containing 40% AgF (60,000 ppm F), the fluoride ions could enter the 
pulp through dentine to systemic circulation and result in fluorosis 
[39,40]. However, an ex vivo study did not support the passage of a 
significant amount of fluoride from dentine to dental pulp [41]. In 
the report of an investigation on AgF by the Dental Service of the 
Health Department of Western Australia, it concluded that there was 
insufficient evidence to support that the proper use of AgF in children 
would cause fluorosis [42]. 

Another concern about AgF solution was its unstable concentration 
of fluoride. A study, which can use up to double the expected 
concentration in some samples, might increase the possibility of toxicity 
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[43]. In the presence of ammonia, the fluoride ions’ concentration in 
the SDF is more stable than AgF’s [21]. The average dosage of SDF 
applied with a micro-applicator was 0.22 mg (8.8 µg F) [21]. Therefore, 
the amount of SDF applied, even on several carious teeth, is far from 
reaching the acute toxic levels. A recent study in adults found that the 
serum concentrations of silver and fluoride ions after SDF application 
were of little risk of toxicity [44], but a similar study on children is not 
available.

The most common reported adverse effect of SDF is black staining 
of carious enamel and dentine, but not sound tooth tissue [12,14,32]. 
SDF stains carious dentine black permanently, particularly when 
higher concentrations or repeated application of SDF are applied [14]. 
The dark staining could be due to the formation of silver phosphate 
[14]. This may limit its clinical use in aesthetically demanding patients, 
particularly over the upper anterior teeth facial surfaces, which are 
common sites for ECC. Several ways were tried to reduce the black 
staining due to silver phosphate, but none were effective. An in vitro 
study tried application of potassium iodide after SDF in the hope that 
whitish silver iodide will form. However, silver iodide is photosensitive 
and turns brown or black upon exposure to light [19]. In addition, silver 
iodide has not been tested for its efficacy in preventing and arresting 
caries. Ammonium hexafluorosilicate has been developed to eliminate 
silver and its discoloration effect, but it was found to be significantly 
less efficacious than SDF [45,46].

SDF in prevention and arresting early childhood caries

SDF has been used in Japan for prevention and arresting caries 
in children since the 1960s [19]. SDF is also used in other countries 
such as Australia, China, Cuba, and Nepal [12-14,32,33,47,48]. Studies 
suggested that SDF is effective in preventing new caries and arresting 
caries both in primary teeth and permanent teeth [12-15,32,33,47-50]. 
A recent systematic review concluded that topical application of SDF is 
more effective in caries prevention than fluoride varnish [4].

SDF is a colourless solution that can be applied on a tooth 
surface with a tiny applicator or brush. The concentration of SDF in 
commercial preparations varied from 3.8% to 38% (Table 1). The 3.8% 
preparation is specifically formulated for root canal treatment. For the 
use of prevention and arresting caries, the concentrations available 
varied from 10% to 38%. As SDF can be applied without the need for 
complicated tools and equipment, this allows treatment for children 
by allied staffs under supervision in non-clinical environments, like 
outreach services in kindergartens.

A literature search of clinical trials using SDF to manage ECC in 
children was performed. The database used was PubMed and inclusion 
criteria were 1) clinical trials 2) published in the English language 3) 
since 1980. The search keywords were, silver fluoride OR diamine silver 
fluoride OR silver diamine fluoride AND clinical trial AND children. 
The search found 20 publications (Figure 1). The title and abstract of 
these 20 publications were screened; and 14 publications were excluded 
because they were not clinical trials or studies on permanent teeth. Full 
texts of the remaining 6 publications were assessed, and they are all 
included in this review.

Table 2 summarizes the main findings of the clinical trials in 
arresting dentine caries in primary teeth with silver diamine fluoride. 
Although the study performed by McDonald and Sheiham could 
not find significant caries arrested using a combination of SDF and 
stannous fluoride application on carious teeth of children [51], the 

other 5 studies, in general, reported that SDF is effective in arresting 
dentine caries in primary teeth. Chu and his co-workers found that 
annual application of 38% SDF is more efficacious in arresting caries 
in primary anterior teeth when compared with the application of 5% 
sodium fluoride varnish every 3 months [12]. They also found caries 
removal before SDF application had no significant effect in arresting 
caries. Several modifications in SDF application, such as changing the 
annual to biannual application and reducing the 38% to 12% SDF, 
were tested. Yee and his co-workers found that adding tannic acid, a 
reducing agent, could not enhance the arresting effect on caries [14]. 
While their findings support the effectiveness of 38% SDF in arresting 
caries, they found one-off application of SDF at reduced concentration 
(12%) could not arrest caries.
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Figure 1: Flowchart of literature search of clinical trials of silver diamine 
fluorideto arrest caries in primary teeth.

Table 1: Commercially available silver diamine fluoride solutions presentation.

Product (Concentration) Manufacturer Country
Saforide 3.8% RC Toyo Seiyaku Kasei Co. Ltd. Japan
Saforide 38% Toyo Seiyaku Kasei Co. Ltd. Japan
Cariostatic (10%) InodonLabratorio Brazil
Cariestop(12%) BiodinamicaQuimica e FarmaceuticaLtda Brazil
Cariestop(30%) BiodinamicaQuimica e FarmaceuticaLtda Brazil
Bioride(38%) DensplyIndustria e ComericioLtda Brazil
Fluoroplat(38%) LaboratoriosNaf Argentina
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Different application frequencies were reported in the literature, 
including one-off application [14], intense application several times 
at 2-3 days intervals [19], semi-annually [32], and annually [12]. Yee 
and her co-workers found that caries reversal can occur after a single 
application [14]. In addition, Zhi and her co-workers found that the 
caries arrest rate of 38% SDF was higher with biannual application than 
with annual application [13]. Llodra and his co-workers used biannual 
application of 38% SDF and also observed significant caries arrested on 
primary molars of children [32]. 

Gotjamanos performed SDF application followed by restoration 
with glass ionomer cement on 55 carious lesions on primary teeth in 
children. He then observed these restorations for 3 to 58 months before 
he extracted the restored teeth for orthodontic reasons. Histological 
assessments of the dental pulps of the extracted teeth were carried out. 
Results show than more than 90% (50 out of 55 teeth) had a satisfactory 
pulpal response. In general, the dental pulp had abundant reparative 
dentine. A wide odontoblast layer was present beneath the pre-dentine 
[33]. 

In general, these studies demonstrate that SDF treatment is a 
simple and cost-effective method for caries control in children [12,32]. 
As 38% SDF has high fluoride concentration (44,800 ppm F), some 
researchers are concerned about its high fluoride concentration causing 
dental fluorosis [39]. Although SDF has been used in Australia, Asian 
countries, such as China and Thailand, and South American countries, 
such as Brazil and Peru, are concerned that SDF is not yet cleared by the 
US Food and Drug Administration but is accepted to be used in many 
European countries and in USA [52]. More well-designed clinical trials 
on SDF for arresting dental caries are necessary to provide sound and 
convincing evidence.

Conclusion
In conclusion, arresting caries treatment with SDF can be a method 

to prevent caries from progression. Clinical studies have demonstrated 

that 38% SDF is effective in arresting ECC. There was no significant 
complication reported in association with SDF treatment. Black 
staining of the carious lesions is a disadvantage of SDF treatment. 
Mild but transient gingival irritation can occur in the gingival margin, 
but it usually heals spontaneously in two days. Because SDF therapy 
is painless, simple, and low-cost, it could be widely recommended 
and promoted as an alternative preventive treatment to conventional 
invasive caries management, especially among child patients who are 
too young for conventional dental care or those with special needs, or 
those with difficulty accessing and affording conventional dental care.
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