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Abstract
Brazilian health care programs recommend the use of cariostatic solutions of silver diamine fluoride (SDF) or sodium fluoride varnishes 
for children 0 to 3 years old with high or moderate caries activity for the control of caries lesions. SDF is a safe, economical, efficient and 
non-invasive coadjuvant agent, exerting an antibacterial action capable of reducing superficial mineral loss of the enamel and can be used 
in the treatment of deciduous and permanent teeth. The objective of this literature review was to gather current information on describing 
the mechanism of SDF action’ and its clinical application in young children in caries prevention and paralysis. The PubMed / Medline and 
Cochrane Library databases were accessed by identifying the relevant studies published in English from 1960 to May 2017. The search strategy 
employed the keywords: “Silver diamine fluoride” and “Children “or “Infant” and “Caries prevention”. Data extraction was performed in: 19 
in vitro studies; 10 review articles and 8 in vivo studies. It was possible to conclude that SDF is almost twice as effective compared to fluoride 
varnish in caries paralysis. However, the contact time of the solution and the optimal frequency of application of the SDF are still undefined, 
inducing new projects and clinical studies in the search for an adequate clinical protocol of this cariostatic.
Keywords: Preventive Dentistry.  Children. Dental Caries.

Resumo
Os programas de assistência à saúde brasileiros recomendam para o controle das lesões de cárie a utilização de soluções cariostáticas de 
diamino fluoreto de prata - DFP ou vernizes de fluoreto de sódio para crianças de 0 a 3 anos com atividade de cárie alta ou moderada. O DFP 
é agente coadjuvante seguro, econômico, eficiente e não invasivo, exercendo ação antibacteriana capaz de reduzir a perda mineral superficial 
do esmalte e, pode ser utilizado no tratamento de dentes decíduos e permanentes. O objetivo desta revisão de literatura foi reunir informações 
atuais sobre descrever o mecanismo de ação do DFP e sua aplicação clínica em crianças de pouca idade na prevenção e paralisação da 
cárie. As bases de dados PubMed/Medline e Cochane Library foram acessadas identificando os estudos relevantes publicados em inglês, no 
período de 1960 a maio de 2017. A estratégia de busca empregou as palavras-chave: “Silver diamine fluoride” and “Children” or “Infant” 
and “Caries prevention”. A extração dos dados foi realizada em: 19 estudos in vitro; 10 artigos de revisão e 8 estudos in vivo. Foi possível 
concluir que o DFP apresenta-se quase duas vezes tão eficaz comparado ao verniz fluoretado na paralização de cárie. Porém, o tempo de 
contato da solução e a frequência ótima de aplicação do DFP ainda estão indefinidos, suscitando novos projetos e estudos clínicos na busca 
de adequado protocolo clínico deste cariostático.
Palavra-chave: Odontologia Preventiva.  Criança. Carie Dentária.
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1 Introduction

Caries is still  one of the most prevalent diseases, being 
a paradox, the literature shows strong evidence in caries 
prevention measures when it is estimated that 2.5 billion 
people (35%) on the planet have untreated caries in their 
permanent dentition1. And in Brazil in 2010, 53.4% of the 
children at five years of age have an average of 2.3 teeth with 
dental caries, and approximately 80.0% of these cases were 
not treated2.

To better understand the prevention and paralysis of 
caries, it is necessary to remember that for its development, 
it is necessary the interaction of essential factors (substrate, 
host,microbiota and  time) to biological modulating factors  
(saliva, fluorine, biofilm, dental anatomy/position, Nutrition/

diet and age) and social ones3.4.
The American Academy of Pediatric Dentistry - AAPD, 

2008 sets the early childhood caries (CPI) as the presence 
of one or more decayed, missing or filledf surfaces in the 
deciduous teeth of a child of 71 months (equivalent to 6 years) 
of age or less5. Its prevalence varies in different populations 
due to socioeconomic differences that lead to inequalities in 
the distribution of wealth, in the availability of technological 
advances and in access to education and health services2.

Almeida et al.6 show that 27% of 18-month children (1 
year and 6 months) to 36 months (3 years) of age have at 
least one deciduous element with caries. Thus, the prevention 
and control of dental caries should be started already in 
the first years of age by preventing or, at least, minimizing 
the progression in cases where the lesion has already been 



Treatment of Dental Caries with Diamine Silver Fluoride: Literature Review

153 J Health Sci 2018;20(3):152-7

detected. Since 1994, the Brazilian health care programs 
recommend the use of cariostatic solutions of silver diamine 
fluoride (SDF) or sodium fluoride varnishes for children 0 
to 3 years old with high or moderate caries activity for the 
control of caries lesions7. Even so the dentistry professional 
is faced with difficulty treating dental caries lesions in young 
children8.

 DFP is presented  as an effective  therapeutic in 
preventing and stopping the caries and can be considered a 
preventive agent that meets the criteria/objectives of t WHO 
and American Medical Institute for medical care in the 21st 
century6.9, becoming great promise for the surgery dentistry10 
it is considred is a safe, economical, efficient and non-invasive 
coadjuvant agent, exerting an antibacterial action capable of 
reducing superficial mineral loss of the enamel and can be 
used in the treatment of deciduous and permanent teeth11–14 

Being considered an efficient therapeutic agent, it is 
necessary to understand its mechanism of action and its 
clinical application in children of young age, thus we will 
begin by  reviewing the  DFP literature in preventing and 
stopping of caries.

2 Development

The PubMed / Medline and Cochrane Library databases 
were accessed by identifying the relevant studies published 
in English from 1960 to May 2017. The search strategies 
used the keywords: “Silver diamine fluoride” and “Children” 
or “Infant” and “Caries prevention”. The aspects observed 
among the studies were: clinical evaluation, radiographic 
examination, diagnostic measures, reduction of the biofilm 
count, alteration of the microhardness of surface, reduction 
of bacterial colony forming units (CFU) and surface changes 
in the levels of F- and ratio Ca/P. The data extraction was 
performed in : 19 studies in vitro; 10 review articles and 8 
studies  in vivo.

To facilitate the understanding of this subject, it wil be 
subdivided into topics, namely: History of cariostiatics 
substances in dentistry; Mechanism of DFP action; and 
clinical application of the DFP in young children.

2.1 History of cariostatic substances in dentistry

The historical use of  silver-basaed compounds  dates back 
approximately 1000 years, in Japan, where it was the custom 
of the ladies to stain  their teeth in black, with “OHAGURO” 
(powder puff of walnut and solution of iron ion), demonstrating 
that they  were married15. Although it was a cosmetic dental, at 
the same time, prevented the dental caries16. Data from Russel 
and Hugo17, show that silver compounds in medicine have 
been used in the application of silver nitrate, silver leaves and 
sutures, since 1893 Von Naegeli, noting that silver nitrate was 
a very effective antimicrobial agent. Opportunely, Howe18, 
applying silver nitrate directly on the carious lesions showed 
similar results, calling it the “Howe”, and this, began to be 

used in the stoppage of caries during the 50 years following. 

Craig et al.19 reported that the silver fluoride solutions (AgF) 

has been used in dentistry since the decade of 1970.

DFP recommended by Yamaga20 and approved by the 

Central Pharmaceutical Council of the Ministry of Health 

and Welfare of Japan for treatment of dental caries since 

the decade of 1960, has been used in several countries for 

stoppage of caries, being named anticaries or cariostatic agent. 

It is presented with pronounced antimicrobial action, effective 

in preventing/paralizing dental caries in young children, root 

caries in elderly patients, dental caries in pits and fissures, as 

well as secondary caries and dental desensitization21. This 

carisotatic agent  has easy application, low cost and large-

scale use9,22,23, but its disadvantage is the anti-aesthetic result 

after application, because it darkens the region demineralized 

by dental caries process in activity, even so, it is an option for 

the prevention and treatment in young children, especially in 

public health, where working conditions are often limited.

2.2 Mechanism of the DFP action

The use of fluoride in dentistry is one of preventive 

health measures more successful in the history of dental 

carie. Current clinical and laboratory studies show that the 

mode of fluoride action in caries prevention, is mainly topic, 

demonstrating significant effect in the demineralization and 

remineralization of dental tissue. Mei et al.24 and Savas et al.12 

emphasize the efficiency of the DFP in laboratory studies in 

the increase of the enamel microhardness14,25,26 and mineral 

content of dentin caries14,27,28.

The source of this fluoride can be fluorapatite  (formed 

by the incorporation of fluoride in enamel) or precipitate of 

calcium fluoride (CaF2) which are formed in the enamel and 

on board after the application of topical fluoride. The deposits 

of calcium fluoride are protected against the quick dissolution 

by a protein/phosphate coating of salivary origin. At lower 

pH, the coating is lost occurring increase in the rate of calcium 

fluoride dissolution. This, therefore, acts as an efficient 

source of free fluoride ions during the cariogenic challenge. 

The current evidence indicates that fluoride has a direct and 

indirect effect on the bacterial cells, however, the mechanism 

of action of fluorine and DFP are still not clearly elucidated29.

Elucidating the DFP action on dental components (enamel 

and dentin) the interaction of its components is observed (Ag 

and F-) as shown in Figure 1.
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Figure 1 - Schematic redesign of the action of the  DFP 
components  on the tooth structure. (adapted from Shah et al.23).
Mineral portion = dental enamel, protein portiondentin = thick 
arrows = reaction of the DFP with mineral and protein portions, 
thin arrows = action of the products of reaction on the dentin and 
enamel.

Yamaga et al.16 and Chu et al.30 reported that DFP reacts 
with the hydroxyapa tite, mineral com ponent of dental enamel, 
releasing calcium fl uoride (CaF2) and silver phosphate  
(Ag3PO4), responsible for the prevention and hardening 
of dental caries. The calcium fl uoride formed on the tooth 
surface is unstable and can be removed by daily brushing; 
however small amount of fl uoride is retained on the enamel 
surface. This calcium fl uoride  is converted into   insoluble 
fl uorapatite, because the calcium and fl uorine ions  react slowly 
with the phosphate ion in the saliva, forming fl uorapatite. The 
formed calcium fl uoride  becomes a fl uoride reservoir for the 
formation of fl uorapatite, being  thus, more resistant to the  
acids31. Being extremely stable and resists to decalcifi cation  
during  cariogenic challenge16,20.

Okamoto et al.32 observed macro and microglobular 
deposits  of silver phosphate  and calcium fl uoride on the 
enamel surface after application of DFP and currently, Mei 
et al33 demonstrated the alteration of the crystalline structure 
of  p recipitated minerals (longer and thicker), allowing the 
formation of fl uorhidroyiapatite, explaining the role of the 
DFP in the dental caries remineralisation. In addition, it is 
known that the fl uorine (F-) promotes calcifi cation, restores 
the surface imperfection  and improves the crystallinity of 
hydroxyapatite, being its action mainly post-eruptive23,29.

Studies of Shah et al.23 and Zhao et al.34, show that the 
 silver ions, component of th e DFP, have antimic robial eff ects, 
because they interact with the sulphydryl groups of proteins 
and with the deoxyribonucleic acid (DNA). They destroy the 
cellular structure of the bacterium wall; inhibit the enzyme 
activity/metabolic processes and the replication of bacterial 
DNA, with this on the macroscopic level, these interactions 
promote bacterial death and inhibit the of biofi lm formation35.

Anti-enzymatic  actions of rea ction products (phosphate 
of silver and silver ion) between the protein and mineral 
component of the tooth/DFP are a consequence of the 

bactericidal action of silver ions inhibiting the colonization 
of S. mutans on the enamel surface, with proven anti-
plaque action of the  product14,28,36,37. Regarding the enamel 
DFP promotes signifi cant remine ralisation  38 forming 
fl uorhydroxiapatite, with  reduced solubility, which m ay be 
the main factor of paralization of  caries lesions33; although, 
when comparing DFP and fl uoride varnish, this relea ses more 
fl uoride with greater interaction to enamel, and thus promotes 
less mineral loss when compared to the  DFP solution 7.

Concerning the dentin, the silver ion promotes the 
obliteratio n of the dentinal tubules39 by the decrease of  
dentinal permeability , therefore  the dis semination of acid 
and invasion of microorganisms through the dentinal tubules 
can be blocked, and even if they invade the dentinal tubules, 
their growth will be inhibited by the oligodynamic action 
of the silver20. It is known that the superfi cial area of dentin 
caries is att acked by the most easily demineralized part, 
therefore, if it is covered by DFP and associated to the dentinal 
tubules obliteration, there will be the  increase to  resistance 
to secondary caries. Studies of Mei et al.37 demonstrated in a 
comprehensive way that DFP 38% inhibits demi neralization 
and preserves the collagen degradation in demineralized 
dentin, besides presenting anti-microbial activity against S. 
mutans and L. acidophilus in cariogenic biofi lm on  dentinal 
surfaces. Furthermore, the ion F- DFP applied to the dentin 
under  in vivo conditions can penetrate to a depth of 50-
100μm40.

Currently, studies of Mei et al.28.37 demonstrate that DFP 
38%  applied on caries reduces the demin eralization process, 
minimizing the loss of mineral content and slowing down the 
destruction of collagen type I. Furthermore, concentrations 
of silver ions and fl uorine, inhibit the growth of cariogenic 
biofi lms in multi-species, being DFP highly eff ective against 
cariogenic biofi lm of S. mutans12. DFP strongly inhibited 
the proteolytic activity of metalloprot einases (MMPs) 
participating in the collagen degradation upon the dental 
caries41.

Mei et al.38 demonstrated the presence of dense superfi cial 
la yer and highl y mineralized in the  dentinal  cavitated lesion 
of deciduous teeth after applying DFP 38% biannualy  for  
24 months, fi nding greater mineral content of calcium and 
phosphate, with  more aligned and organized crystallites 
in the lesion, obseving thus that the collagen was protected 
in  paralyzed lesions. Therefore,  the treatment with DFP 
increases the bone mineral density of the enamel and dentin 
microhardness caries lesion. Chu et al.14; Mei et al.28 and 
Shimizu39 conclude that on the dentin subject ed to pH cycli ng 
DFP present ed antimicrobial activity against the cariogenic 
biofi lms   and reduction of the demineralization, being eff ective 
in the preservation of the dentinal collagen 31.34, reducing the 
depth of the dentinal lesions, by the oblitera tion of the dentinal 
tubules with silver chloride and metallic silver32.
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The behavioral issues complicate or prevent the restoration 
of early childhood caries in young children, due to barriers 
to access in vulnerable populations, caries starts not to be 
treated. In developed countries, non-cooperative children have 
options for the care under conscious sedation or in a hospital 
environment under general anesthesia, but with increased 
risks and costs of treatment, in addition to high recurrence of 
lesions after the restorative treatment42.

Many systematic reviews of current controlled trials 
suggest preventive interventions as an alternative, associated 
with the traditional restorative methods10,42, according to  in 
vivno studies about  paralization/prevention of dental caries 
with DFP, as it  can be observed in Table 1.

2.3 Clinical application of the DFP in young children.

The caries manifestations in children under three years of 
age is a critical condition and the resolution of early childhood 
caries, as it is known, is a challenging task for the Pediatric 
Dentistry. The lesions present an acute aspect rapidly evolving 
and affecting several teeth. Started in the first years of life 
causes serious future damages, because the deciduous teeth 
play an important role in the development/eruption of 
permanent teeth and the growth/development of the face. 
The list of possible sequelae of early childhood caries is long, 
including a lot of pain, reduced quality of life, lost time of 
children in school and parents at work or other activities and 
the increase of costs22.

Table 1 - Clinical studies with application of DFP in different concentrations, percentage (%) of caries paralization  and contact time 
of the solution.

Author
Study period/

concentration of the DFP 
(%)

SDF application Caries Paralization (%)
Contact Time of the 

solution with the carious 
surface

Lo et al.43 18 months/38% Annual/anterior teeth 97.70% **
Chu et al.30 30 months/38% Annual/anterior teeth 70% **

Llodra et al.44 36 months/38%
Semester/deciduous 

canines and  molars and 
1st permanent molar

77% **

Yee et al.45 24 months/38% and 12% Unique/deciduous teeth 50% 2 minutes

Braga et al.46 30 months/10%

G1= CTT

Clinical evaluation 
(3,6,12,18 and 30 months) Not mentioned

G2= DFP
G3= CIV sealant

1st Permanent Molar
Consecutive Weekly (for 

3 weeks)

Zhi et al.47 24 months/38% and CIV
G1= Annual DFP G1= 79%

**G2= Semester  DFP G2= 91%
G3= Annual CIV G3= 82%

Dos Santos Jr et 
al.48 12 months/30% Annual 6 months=84.7% **12 months=66.9%

Duangthip et al.49 18 months/30%
G1= Annual G1= 40%

10 secondsG2=Consecutive Weekly 
(for 3 weeks) G2= 35%

Fung et al.50 18 months/38% and 12%

G1= Annual 12% G1 =50%
G2 =55%
G3 =64%
G4 =74%

Not mentionedG2= Semester 12%
G3= Annual 38%

G4= Semester 38%
(**) The time of application of product indicated by the manufacturer = 3 minutes; CTT = control group; CIV = glass ionomer cement; G1, G2, G3 and 
G4 = experimental groups of studies.

3 Conclusion

Based on the collected references, it was possible to 
conclude that:

DFP is effective both as a bactericide, and provides 
the hardening of carious dentin, acting in paralyzing  and 
preventing caries. 

It is almost twice as effective as the varnish fluorised  in 
the paralysis of caries, 

The application of DFP in children with behavioral 
problems reduces the costs of legal risks to the professional;

The contact time of the solution and the optimal frequency 

of application of DFP  are still undefined
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