
 

Citation: Selvakumar Annamalaisamy (2024). Management of Early Childhood Caries with Silver Diamine Fluoride: A 

Review Article. Saudi J Oral Dent Res, 9(11): 303-308. 

 

         303 

 
 

 
 

Saudi Journal of Oral and Dental Research 
Abbreviated Key Title: Saudi J Oral Dent Res 

ISSN 2518-1300 (Print) | ISSN 2518-1297 (Online) 

Scholars Middle East Publishers, Dubai, United Arab Emirates 

Journal homepage: https://saudijournals.com  
 

Review Article  Pediatric Dentistry 

 

Management of Early Childhood Caries with Silver Diamine Fluoride: 

A Review Article 
Dr. Selvakumar Annamalaisamy1* 
 
1Specialist Pedodontist, PHCC, Qatar  
 

DOI: https://doi.org/10.36348/sjodr.2024.v09i11.005              | Received: 16.10.2024 | Accepted: 22.11.2024 | Published: 23.11.2024 
 

*Corresponding author: Dr. Selvakumar Annamalaisamy 

Specialist Pedodontist, PHCC, Qatar 

 

Abstract  
 

Early Childhood Caries (ECC) remains a global public health challenge, particularly in underserved populations where 

access to conventional dental care is limited. Silver Diamine Fluoride (SDF) has emerged as a transformative approach in 

the management of ECC, offering a minimally invasive, cost-effective solution to arrest caries progression and prevent 

new lesions. This review provides a comprehensive evaluation of SDF, focusing on its mechanism of action, clinical 

efficacy, advantages, and limitations in pediatric dentistry. Evidence from recent studies demonstrates that SDF is highly 

effective in halting caries progression, significantly reducing the need for more invasive treatments, particularly in young 

or uncooperative patients. However, aesthetic concerns, primarily the black staining of treated lesions, and the need for 

informed parental consent remain key barriers to its widespread adoption. The article also explores the integration of SDF 

into broader public health strategies for ECC prevention and treatment, emphasizing its role in resource-constrained 

settings. Ethical and legal considerations, along with future research directions, are discussed to address gaps in 

understanding its long-term safety and efficacy. By advancing the use of SDF, this review highlights its potential to 

revolutionize the management of ECC, aligning with global goals of equitable access to essential health care. 

Keywords: Early Childhood Caries (ECC), Silver Diamine Fluoride (SDF), Minimally Invasive Dentistry, Caries 

Management, Pediatric Oral Health. 
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INTRODUCTION 
Prevalence of ECC 

Early Childhood Caries (ECC) is a significant 

public health issue defined as the presence of one or more 

decayed, missing, or filled tooth surfaces in any primary 

tooth in children under six years of age. It is a chronic 

condition with profound health, social, and economic 

implications. The global prevalence of ECC varies 

significantly, with studies reporting rates as high as 70% 

in developing countries, particularly in underserved 

populations [1]. Socioeconomic disparities, limited 

access to dental care, and inadequate oral hygiene 

practices are major contributing factors to this 

widespread condition. Beyond its physical impact, ECC 

can impair children’s quality of life, leading to pain, 

difficulty eating, and lower self-esteem. 

 

Challenges in Managing ECC in Young Children 

Managing ECC in young children presents 

unique challenges. Traditional restorative treatments 

often require cooperation from pediatric patients, which 

is difficult due to their age and anxiety associated with 

dental procedures. Additionally, many children require 

sedation or general anesthesia for invasive treatments, 

posing risks and significant costs [2]. These barriers are 

compounded in low-resource settings, where access to 

dental care is already limited. Such challenges 

underscore the need for non-invasive, cost-effective 

alternatives for managing ECC. 

 

Introduction to SDF as a Minimally Invasive 

Treatment Option 

Silver Diamine Fluoride (SDF) has emerged as 

a game-changer in ECC management. SDF is a topical 

agent approved by various regulatory bodies, including 

the U.S. FDA in 2014 for caries management. Its 

mechanism involves arresting active caries and 

preventing new lesions by disrupting bacterial activity 

and promoting remineralization [3]. SDF’s simplicity of 

application, affordability, and high efficacy make it 

particularly suitable for young or uncooperative children 

and communities with limited dental care infrastructure. 
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Objective of the Review 

This review aims to provide a comprehensive 

evaluation of SDF’s role in managing ECC. It will 

examine clinical evidence supporting its efficacy, 

discuss its practical and ethical considerations, and 

explore future research directions. By integrating SDF 

into global ECC management strategies, this review 

highlights its potential to address disparities in oral 

health care and improve outcomes for children 

worldwide. 

 

PATHOPHYSIOLOGY AND IMPACT OF ECC 

Etiology of ECC 

Early Childhood Caries (ECC) is a 

multifactorial disease influenced by bacterial, dietary, 

and host-related factors. The primary etiological agent is 

Streptococcus mutans, a highly cariogenic bacterium that 

metabolizes dietary sugars to produce acids, leading to 

enamel demineralization [4]. Additionally, Lactobacillus 

species contribute to the progression of caries by thriving 

in acidic environments and facilitating lesion deepening. 

Dietary habits, particularly frequent consumption of 

sugary snacks and beverages, are major contributors to 

the development of ECC. Prolonged bottle-feeding, 

especially with milk or sweetened liquids, further 

exacerbates the risk, a condition often referred to as 

"baby bottle caries". Host factors, such as enamel 

hypoplasia, inadequate saliva production, and poor oral 

hygiene, also play critical roles in the pathogenesis of 

ECC. Saliva, which serves as a natural buffer and 

provides antimicrobial components, is essential in 

maintaining oral health. Reduced salivary flow or quality 

can increase susceptibility to caries [5]. Furthermore, 

parental knowledge and behaviors regarding oral 

hygiene significantly influence a child’s oral health, 

underscoring the role of social determinants in ECC 

etiology. 

 

Progression and Complications if Left Untreated 

If left untreated, ECC progresses from 

demineralization of enamel to dentinal caries, pulpal 

inflammation, and eventual tooth loss. Early lesions 

appear as white spot demineralization, advancing to 

cavitated lesions that expose the dentin. As caries reach 

the pulp, children may experience severe pain, swelling, 

and systemic infections such as cellulitis or abscesses 

[6]. Chronic infections associated with ECC can impair 

systemic health, contributing to malnutrition and growth 

delays due to difficulty chewing or eating. The 

consequences of untreated ECC are not limited to 

physical health. The condition significantly impacts 

quality of life, as children may experience disrupted 

sleep, difficulty concentrating, and reduced participation 

in daily activities due to pain. In severe cases, the 

complications of ECC may necessitate emergency care 

or hospitalization, imposing additional burdens on 

healthcare systems and families [7]. 

 

 

Socioeconomic and Psychological Impact on Children 

and Families 

The socioeconomic and psychological impact 

of ECC extends far beyond the child. Families often face 

substantial financial burdens associated with dental 

treatments, particularly when advanced interventions 

such as extractions under general anesthesia are required 

[8]. This financial strain is disproportionately borne by 

low-income families, where access to preventive dental 

care is often limited. 

 

Psychologically, children with visible caries or 

missing teeth may suffer from low self-esteem, bullying, 

and social stigma, which can affect their emotional and 

social development. Parents, in turn, may experience 

guilt, stress, and anxiety over their perceived failure to 

prevent the disease [9]. These challenges highlight the 

broader societal costs of ECC and underscore the 

importance of preventive strategies. 

 

OVERVIEW OF SILVER DIAMINE FLUORIDE 

(SDF) 

Composition and Mechanism of Action of SDF 

Silver Diamine Fluoride (SDF) is a colorless 

liquid composed of silver, fluoride, and ammonia. The 

silver component serves as an antimicrobial agent, 

disrupting bacterial cell walls and proteins to inhibit 

bacterial growth. Fluoride promotes remineralization by 

forming fluorapatite, a compound more resistant to 

acidic environments than hydroxyapatite [10]. The 

ammonia component stabilizes the solution, ensuring its 

effectiveness over time. When applied to carious lesions, 

SDF halts the progression of decay by creating a 

hardened, arrested surface. This process not only arrests 

active caries but also prevents the spread of infection to 

adjacent teeth [11]. 

 

History and Approval for Use in Dentistry 

SDF has been used in dentistry for over 50 

years, with its origins traced back to Japan, where it was 

developed as a caries-arresting agent. The U.S. Food and 

Drug Administration (FDA) approved SDF in 2014 as a 

treatment for dentinal hypersensitivity, with subsequent 

off-label use for caries management gaining widespread 

recognition [12]. In recent years, professional 

organizations such as the American Academy of 

Pediatric Dentistry (AAPD) have endorsed SDF as a 

minimally invasive approach for managing dental caries, 

particularly in children and patients with special 

healthcare needs. 

 

Advantages of Silver Diamine Fluoride (SDF) 

Silver Diamine Fluoride (SDF) presents several 

compelling advantages, making it a preferred option in 

modern dentistry, particularly in the management of 

Early Childhood Caries (ECC). One of the most 

significant benefits of SDF is its cost-effectiveness. As 

an affordable treatment option, it is particularly 

advantageous for low-income families and healthcare 

settings with limited resources. Unlike traditional 
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restorative treatments that require expensive equipment 

and materials, SDF application involves minimal cost 

and preparation, making it a sustainable choice for public 

health programs. Another notable advantage is its ease of 

application. SDF is a non-invasive treatment that can be 

applied quickly and efficiently without the need for 

drills, anesthesia, or sedation. This characteristic makes 

it especially suitable for pediatric patients, individuals 

with dental anxiety, and those who are uncooperative or 

medically compromised. Its simplicity reduces 

procedural stress for both patients and practitioners, 

improving the overall dental care experience. The high 

efficacy of SDF in arresting caries is well-documented. 

Clinical studies report success rates exceeding 80%, 

demonstrating its effectiveness in halting the progression 

of active carious lesions [13]. Additionally, SDF has a 

preventive function, reducing the occurrence of new 

caries lesions in treated patients. This dual-purpose 

capability enhances its value as a comprehensive caries 

management solution. Lastly, SDF offers wide 

accessibility in dental care. Its affordability, ease of use, 

and non-invasive nature have enabled its adoption in 

underserved populations, addressing disparities in oral 

healthcare access. SDF is particularly impactful in rural 

or low-resource settings, where traditional dental care 

options are often unavailable or prohibitively expensive. 

By offering an effective and practical solution, SDF 

contributes to bridging the gap in global oral health 

equity. 

 

CLINICAL EVIDENCE SUPPORTING SILVER 

DIAMINE FLUORIDE IN ECC MANAGEMENT 

Review of Key Clinical Studies on the Efficacy of SDF 

The efficacy of Silver Diamine Fluoride (SDF) 

in the management of Early Childhood Caries (ECC) has 

been supported by extensive clinical research. One 

landmark study by Yan et al. demonstrated that a single 

application of 38% SDF arrested caries in over 90% of 

treated lesions in preschool children [14]. These findings 

were corroborated by a systematic review and meta-

analysis conducted by Seifo et al., which analyzed 

multiple randomized controlled trials and reported that 

SDF was significantly more effective in arresting caries 

than other non-invasive treatments [15]. Additional 

studies have highlighted the long-term efficacy of SDF. 

For instance, Abdellatif et al. found that caries arrest 

rates remained high even after 24 months, with minimal 

follow-up applications required [16]. Another clinical 

trial conducted in rural China by Wakhloo et al. 

confirmed the superior performance of SDF in managing 

caries in children with limited access to dental care. 

These studies underscore SDF's reliability as a durable 

and practical solution for ECC management [17]. 

 

Comparison of SDF with Traditional Treatments 

When compared to traditional treatments such 

as fluoride varnish and restorative approaches, SDF 

exhibits distinct advantages. Fluoride varnish, while 

effective in preventing new caries, is less reliable in 

arresting existing lesions. Studies have shown that SDF 

is nearly twice as effective as fluoride varnish in halting 

caries progression [18]. Furthermore, SDF application 

requires fewer follow-up visits, reducing the burden on 

families and healthcare systems, particularly in 

underserved areas. 

 

Restorative treatments, such as fillings, often 

necessitate anesthesia and drilling, making them less 

ideal for young or uncooperative children. These 

procedures can be costly and may require sedation or 

general anesthesia, increasing the risks and financial 

strain on families. In contrast, SDF offers a non-invasive 

alternative that achieves comparable outcomes in terms 

of caries control without the need for complex 

procedures. This makes SDF particularly valuable in 

resource-constrained settings where access to advanced 

dental facilities is limited. 

 

Discussion of SDF in Arresting Caries and Preventing 

New Lesions 

SDF's dual role in arresting existing caries and 

preventing new lesions is a key factor in its growing 

adoption. Its mechanism of action involves both 

antimicrobial properties and remineralization. The silver 

ions in SDF disrupt bacterial cell walls, reducing the 

bacterial load in carious lesions, while the fluoride 

component enhances the remineralization of enamel and 

dentin, creating a barrier against further decay [19]. 

Clinical studies have consistently demonstrated SDF's 

high efficacy in arresting caries. For example, Mei et al. 

reported that SDF arrested 80% of active caries lesions 

in children after a single application [20]. Moreover, 

SDF has been shown to prevent the spread of caries to 

adjacent teeth, reducing the overall caries burden. This 

preventive effect is particularly important in high-risk 

populations, where untreated caries can rapidly progress 

and lead to severe complications. SDF’s ability to arrest 

caries in primary teeth also delays or eliminates the need 

for restorative treatments, allowing children to retain 

their natural teeth until they are replaced by permanent 

teeth. This minimizes the need for complex dental 

procedures and the associated risks of sedation or general 

anesthesia in young children. 

 

Challenges in Clinical Application and Future 

Implications 

Despite its clinical efficacy, the use of SDF is 

not without challenges. The most frequently cited 

concern is the black staining of treated lesions, which can 

be aesthetically unappealing to patients and their 

families. While this staining is an indication of caries 

arrest, it limits SDF's acceptance, particularly in visible 

areas of the mouth. Strategies to mitigate this concern, 

such as selective application in non-aesthetic areas or 

combining SDF with restorative materials, are currently 

under investigation [21]. Another challenge is the 

variability in parental acceptance and understanding of 

SDF treatment. Effective communication and education 

are essential to address misconceptions and highlight its 

benefits, especially in communities with limited access 
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to dental care. The growing body of evidence supporting 

SDF highlights its transformative potential in ECC 

management. Its effectiveness in arresting caries, 

combined with its preventive benefits, affordability, and 

ease of application, positions SDF as a cornerstone of 

minimally invasive dentistry. As research continues to 

refine application protocols and address aesthetic 

concerns, SDF is poised to play an even greater role in 

global oral health strategies. 

 

PRACTICAL CONSIDERATIONS FOR USING 

SILVER DIAMINE FLUORIDE (SDF) 

Application Technique and Protocols 

The application of Silver Diamine Fluoride 

(SDF) is a straightforward and minimally invasive 

procedure, making it particularly suitable for pediatric 

and special-needs patients. The protocol involves 

isolating the tooth to avoid contact with surrounding soft 

tissues, cleaning the carious lesion to remove debris, and 

applying a small amount of SDF using a microbrush. 

After application, the treated area is allowed to air dry 

for a few seconds to enhance absorption. No rinsing is 

required, and protective barriers, such as petroleum jelly, 

can be applied to adjacent areas to minimize staining. 

While SDF application is simple, proper training ensures 

effective and consistent results [22]. 

 

Ideal Patient Selection Criteria 

SDF is highly effective for specific patient 

groups. Ideal candidates include young children with 

Early Childhood Caries (ECC), individuals with 

uncooperative behavior or dental anxiety, and patients 

with medical conditions that preclude invasive dental 

procedures. SDF is particularly beneficial for treating 

cavitated lesions in primary teeth or in patients with 

limited access to comprehensive dental care. It is also 

suitable for elderly patients or those with special 

healthcare needs, as it eliminates the need for extensive 

restorative interventions [23]. 

 

Frequency and Long-Term Monitoring 

The frequency of SDF application depends on 

the severity of caries and the risk of progression. Studies 

suggest that biannual applications yield the highest 

success rates in arresting caries [24]. Regular follow-up 

appointments are critical for monitoring the effectiveness 

of treatment, ensuring patient compliance, and 

addressing new lesions. In cases of reactivation or 

progression, reapplication of SDF may be necessary. 

Long-term monitoring also involves assessing the treated 

lesions for hardness and the absence of further 

demineralization. 

 

Integration of SDF into a Comprehensive Oral Health 

Strategy 

While SDF is effective in managing caries, it 

should be integrated into a broader oral health strategy 

for optimal outcomes. This includes educating caregivers 

on proper oral hygiene practices, reducing dietary sugar 

intake, and ensuring regular dental check-ups. 

Combining SDF with preventive measures like fluoride 

varnish, dental sealants, and community water 

fluoridation enhances its effectiveness. Additionally, 

addressing aesthetic concerns through adjunctive 

restorative techniques can improve acceptance among 

patients and caregivers. SDF’s integration into public 

health programs has the potential to address disparities in 

oral healthcare by providing an accessible and effective 

treatment for caries management. Its role in preventive 

and therapeutic strategies makes it a vital tool in modern 

dentistry. 

 

ETHICAL AND LEGAL CONSIDERATIONS 

Parental Consent and Communication about Potential 

Side Effects 

Ethical administration of Silver Diamine 

Fluoride (SDF) requires obtaining informed parental 

consent, particularly when treating children. Parents 

must be thoroughly informed about the benefits, 

application process, and potential side effects of SDF, 

especially the black staining of carious lesions, which is 

a hallmark of arrested caries. While the staining indicates 

the efficacy of SDF, it can be aesthetically unappealing, 

leading to concerns from caregivers. Transparent 

communication about this outcome is essential to build 

trust and ensure that parents make an informed decision 

[25]. Providing visual aids, such as before-and-after 

photographs, can help set realistic expectations and 

improve acceptance. 

 

Balancing Patient Autonomy with Public Health 

Benefits 

SDF treatment also raises ethical questions 

about balancing individual patient autonomy with 

broader public health benefits. For example, in resource-

limited settings, SDF can significantly reduce the burden 

of untreated caries, potentially outweighing aesthetic 

concerns. However, prioritizing population-level 

benefits should not come at the expense of individual 

rights. Patients or their guardians must have the freedom 

to accept or decline treatment based on a clear 

understanding of its implications. In cases where 

children are too young to voice their preferences, 

parental decisions must align with the child’s best 

interests [26]. 

 

Guidelines and Recommendations from Professional 

Organizations 

Several professional organizations, including 

the American Academy of Pediatric Dentistry (AAPD), 

have issued guidelines to ensure ethical and evidence-

based use of SDF. The AAPD recommends obtaining 

informed consent, using SDF as part of a comprehensive 

care plan, and clearly documenting its application in 

patient records. These guidelines emphasize the 

importance of combining SDF with preventive measures, 

such as oral hygiene education and dietary counseling, to 

achieve optimal outcomes [27]. adhering to these ethical 

and legal principles, practitioners can ensure that SDF is 
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used responsibly, respecting patient rights while 

maximizing its public health potential. 

 

FUTURE DIRECTIONS AND RESEARCH GAPS 

Need for Long-Term Studies on the Safety and 

Effectiveness of SDF 

While Silver Diamine Fluoride (SDF) has 

shown remarkable short-term success in managing Early 

Childhood Caries (ECC), there is a need for 

comprehensive long-term studies to evaluate its safety 

and efficacy. Existing research demonstrates high caries 

arrest rates within one to two years of application, but 

data on its performance over longer durations is limited. 

Future studies should focus on the longevity of caries 

arrest, the potential for recurrent lesions, and the 

cumulative impact of repeated applications. 

Additionally, longitudinal studies on systemic 

absorption and potential adverse effects will help address 

lingering safety concerns, especially in pediatric 

populations [28]. 

 

Exploration of Alternatives or Modifications to Reduce 

Esthetic Concerns 

The most significant barrier to widespread 

acceptance of SDF is the black staining of carious 

lesions. This aesthetic drawback, while indicative of 

successful caries arrest, is often unacceptable to parents, 

particularly for anterior teeth. Research into modifying 

SDF formulations to reduce or eliminate staining without 

compromising efficacy is crucial. Promising approaches 

include combining SDF with potassium iodide or 

restorative materials to mask discoloration [29]. 

Innovations in delivery systems, such as localized 

application devices, could also enhance patient 

acceptance. 

 

Integration of SDF in Global ECC Management 

Programs 

SDF has the potential to revolutionize ECC 

management globally, particularly in underserved 

regions where access to dental care is limited. Future 

efforts should focus on integrating SDF into public 

health initiatives, such as school-based dental programs 

and community outreach projects. Training dental 

professionals and health workers in the proper 

application of SDF and its incorporation into 

comprehensive preventive strategies can maximize its 

impact. Additionally, advocacy for policy-level changes 

to include SDF in essential health packages will ensure 

broader accessibility and affordability [30]. Addressing 

these research gaps and challenges, SDF can be 

optimized for global implementation, transforming ECC 

management and reducing disparities in oral healthcare. 

 

CONCLUSION 
Silver Diamine Fluoride (SDF) has emerged as 

a transformative solution in the management of Early 

Childhood Caries (ECC), offering a minimally invasive, 

cost-effective, and highly efficient treatment option. Its 

unique ability to arrest caries and prevent new lesions 

positions it as a cornerstone of modern pediatric 

dentistry. Unlike traditional restorative methods, SDF 

addresses the challenges of treating young or 

uncooperative children, making it particularly valuable 

in underserved populations. Despite its remarkable 

efficacy, aesthetic concerns related to black staining and 

limited long-term data remain significant barriers to 

universal acceptance. Ongoing research aimed at 

improving SDF formulations and delivery methods, 

along with its integration into global oral health 

programs, holds the promise of overcoming these 

limitations. As a critical tool in minimally invasive 

dentistry, SDF has the potential to significantly reduce 

the burden of ECC worldwide. By prioritizing its ethical 

use, addressing research gaps, and expanding access to 

its benefits, SDF can contribute to equitable and effective 

oral healthcare, ultimately improving quality of life for 

millions of children globally. 
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