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 INTRODUC TION 

The landscape of contemporary operative dentistry has undergone a profound paradigm shift away from traditional, 

Abstract 

Dental caries remains a pervasive global public health challenge, disproportionately 

affecting pediatric, geriatric, and medically compromised populations. Traditional 

restorative paradigms, while effective, often present financial, behavioral, and 

biological burdens that limit their universal application. Over the past several decades, 

38% Silver Diamine Fluoride (SDF) has re-emerged as a highly effective, non-invasive 

chemotherapeutic agent capable of arresting active dental caries and mitigating dentin 

hypersensitivity. This comprehensive review elucidates the multifaceted mechanisms 

of action underlying SDF therapy, synthesizing recent chemical, microbiological, 

histological, and clinical evidence. Chemically, SDF reacts with human dental 

hydroxyapatite to yield silver chloride and calcium fluoride, which subsequently 

transform into fluorohydroxyapatite. This increases the mineral density of the tooth 

structure and enhances its resistance to subsequent acid challenges. Concurrently, the 

silver ions exert potent, sustained antimicrobial activity against cariogenic biofilms by 

disrupting bacterial cell walls, inhibiting key metabolic enzymes, interfering with DNA 

replication, and establishing a persistent biocidal reservoir known as the "zombie 

effect." Histologically, SDF facilitates the occlusion of exposed dentin tubules, 

safeguarding vital dental pulp and stimulating the formation of tertiary reactionary 

dentin without inducing irreversible pulpal inflammation when applied appropriately. 

Clinically, robust evidence demonstrates that periodic SDF applications achieve high 

caries arrest rates in both primary coronal surfaces and root surfaces of community-

dwelling older adults. Despite challenges related to the characteristic black staining of 

arrested lesions and associated aesthetic concerns, its ease of application, cost-

effectiveness, and minimal discomfort render it a pivotal tool for public health 

initiatives and specialized protocols, such as those tailored for underserved 

populations. This article provides a definitive exploration of the chemical kinetics, 

structural transformations, microstructural interactions, and clinical parameters 

necessary to optimize SDF protocols in contemporary dentistry. 
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aggressive surgical intervention toward minimally invasive, 

biomimetic, and chemotherapeutic management strategies. 

For over a century, the dominant clinical approach to dental 

caries dictated the mechanical excision of all demineralized 

and infected tooth structures, followed by the placement of 

inert restorative materials. While this mechanical model is 

capable of restoring structural form and functional contours, 

it fails to address the underlying microbiological and 

biochemical etiology of caries as a dynamic, biofilm-mediated 

disease process. Furthermore, conventional restorative 

approaches often require local anesthesia, high-speed rotary 

instruments, and prolonged patient cooperation-factors that 

present formidable barriers when treating very young children, 

individuals with special healthcare needs, or frail, community-

dwelling older adults. In light of these challenges, global 

attention has focused on topical chemotherapeutic agents that 

can arrest active lesions, preserve sound tooth structure, and 

prevent disease progression without the need for aerosol-

generating or anxiety-inducing procedures. 

Among these agents, 38% Silver Diamine Fluoride (SDF) 

represents a cornerstone of non-invasive caries management. 

Originally developed and utilized extensively in Japan and 

other Asian and South American nations during the mid-to-

late twentieth century, SDF has experienced an academic and 

clinical renaissance globally over the last two decades. 

Structurally, SDF is an alkaline topical solution containing high 

concentrations of both silver ions and fluoride ions stabilized 

by coordination complexes with ammonia molecules. When 

applied to an active, demineralized carious lesion, this single 

pharmacological agent simultaneously deploys two distinct 

therapeutic vectors: a potent, multi-targeted antimicrobial 

assault spearheaded by silver ions, and a rapid, extensive 

mineral precipitation cascade driven by fluoride ions. This 

dual-action mechanism not only halts the metabolic activity of 

cariogenic pathogens within the biofilm but also fundamentally 

alters the chemical kinetics of the dental hard tissues, 

converting vulnerable, demineralized organic-mineral matrices 

into highly resistant, remineralized structures. 

Despite the documented clinical efficacy of SDF, a 

comprehensive understanding of its precise biochemical, 

histological, and microstructural interactions remains essential 

for its widespread translation into standard clinical guidelines 

and public health policy. The chemical reactions that occur 

when a highly concentrated, alkaline silver-ammonia complex 

meets an acidic, partially degraded hydroxyapatite matrix are 

intricate and highly dependent on local tissue conditions. 

Furthermore, the downstream effects of these interactions 

extend beyond the immediate superficial lesion; they affect 

the underlying dentin tubules, alter the fluid dynamics 

responsible for dentin hypersensitivity, and modulate the 

cellular responses of the vital dental pulp-dentin complex. 

Understanding these homeostatic and reactive pathways is 

critical to ensuring that the application of a highly 

concentrated material does not inadvertently jeopardize pulpal 

vitality. 

Additionally, the integration of SDF into modern public health 

frameworks highlights the intersection between basic 

laboratory science and clinical deployment. For instance, in 

public insurance frameworks or underserved communities 

where access to traditional dental operating rooms is limited, 

standardizing non-invasive protocols can bridge major equity 

gaps in oral health. However, the use of SDF is not without 

practical compromises. The most notable sequela of 

successful caries arrest via SDF is the permanent, dark black 

discoloration of the treated tissue, a phenomenon caused by 

the oxidation and precipitation of silver byproducts within the 

dentin matrix. This aesthetic outcome presents unique 

challenges regarding parental and patient acceptance, 

treatment satisfaction, and clinical communication. 

This comprehensive research article synthesizes the current 

state of laboratory, translational, and clinical evidence 

surrounding 38% SDF. By exploring the chemical kinetics of 

mineral transformation, the multi-tiered mechanisms of 

bacterial inhibition, the structural occlusion of dentin tubules, 

and the biological responses of the dental pulp, this study 

establishes a definitive theoretical framework. Furthermore, it 

evaluates clinical trials and longitudinal outcomes across 

diverse populations, providing clinicians, researchers, and 

policymakers with the insights necessary to optimize, 

standardize, and expand the use of this powerful agent in 

modern dental medicine. 

CHEMICAL KINETICS AND STRUCTURAL 

TRANSFORMATIONS 

To fully comprehend the remarkable capacity of 38% silver 

diamine fluoride to arrest active dental caries, one must first 

analyze the fundamental chemical reactions that occur when 

this alkaline solution contacts the dental hard tissues. Pure 
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silver diamine fluoride consists of silver ions coordinated with 

ammonia molecules to form a stable diammine-silver complex, 

balanced by fluoride ions in an aqueous medium. The 

formulation typically operates at a highly alkaline pH, generally 

fluctuating between 9 and 10. This alkalinity is structurally 

vital, as it prevents the premature precipitation of silver ions 

out of the solution and ensures a high concentration of active 

ions available for tissue interaction upon topical application. 

When applied to an active carious lesion, the diammine-silver 

coordination complex encounters an environment 

characterized by exposed collagen matrices, partially 

demineralized hydroxyapatite crystals, and a dynamic 

cariogenic biofilm. The initial phase of the reaction involves 

the rapid dissociation of the volatile ammonia molecules, 

which serves to destabilize the silver complex and liberate 

highly reactive silver ions ($Ag^+$) alongside concentrated 

fluoride ions ($F^-$). These free ions immediately participate 

in a competitive precipitation reaction with the underlying 

compromised tooth structure. The primary inorganic substrate 

of human enamel and dentin is calcium hydroxyapatite, 

chemically represented as $Ca_{10}(PO_4)_6(OH)_2$. The 

introduction of SDF initiates a double-decomposition reaction 

with this mineral substrate, which can be chemically mapped 

through specific pathways detailed by foundational laboratory 

investigations (Lou, Botelho, and Darvell, 2011; Mei et al., 

2017). 

The principal products of this immediate chemical reaction are 

silver chloride ($AgCl$), silver phosphate ($Ag_3PO_4$), and 

calcium fluoride ($CaF_2$), alongside ammonium hydroxide. 

Silver chloride forms rapidly due to the abundance of chloride 

ions present in oral fluids, biofilms, and dentinal fluid. 

Concurrently, the silver ions react with the phosphate groups 

liberated from the partially dissolved hydroxyapatite matrix, 

leading to the formation of silver phosphate, a highly insoluble 

yellow precipitate that undergoes subsequent photo-reduction 

or chemical reduction when exposed to ambient light or 

organic reducing agents within the dentin. This reduction 

process converts the silver precipitates into metallic silver 

nanoparticles ($Ag^0$) and silver oxide ($Ag_2O$), which 

present clinically as a dense, microscopic black layer on the 

surface of the arrested lesion. This black precipitate is not 

merely a cosmetic byproduct; it forms a physical barrier that 

restricts the diffusion of dietary carbohydrates into the deeper 

layers of the dentin and limits the outward migration of 

essential mineral ions. 

Simultaneously, the high concentration of fluoride ions-

typically around 44,800 parts per million (ppm) in a standard 

38% formulation-drives the precipitation of calcium fluoride 

on the tooth surface. Under normal physiological conditions, 

low-concentration topical fluorides promote the formation of a 

temporary, labile calcium fluoride-like reservoir. However, the 

massive fluoride surge delivered by SDF creates a dense layer 

of calcium fluoride that acts as a potent, long-term reservoir 

for both calcium and fluoride ions. Over time, and particularly 

in the presence of acidic challenges generated by residual 

biofilm activity, this calcium fluoride reacts further with the 

surrounding compromised hydroxyapatite. This subsequent 

reaction replaces the hydroxyl groups ($OH^-$) within the 

crystal lattice with fluoride ions, resulting in the formation of 

fluorapatite or fluorohydroxyapatite 

($Ca_{10}(PO_4)_6F_2$), a mineral phase with significantly 

lower acid solubility than native hydroxyapatite (Mei et al., 

2017). 

The thermodynamic stability of fluorohydroxyapatite is 

superior to that of pure hydroxyapatite, lowering the critical 

pH threshold for demineralization from approximately 5.5 

down to 4.5. This structural fortification alters the equilibrium 

of the demineralization-remineralization cycle at the lesion 

front. Even when the local microenvironment experiences 

significant drop-offs in pH due to bacterial carbohydrate 

fermentation, the newly synthesized fluorohydroxyapatite 

crystals resist dissolution. This preserves the structural 

integrity of the underlying dentin architecture and provides a 

stable scaffold for subsequent remineralization driven by 

salivary minerals. 

Beyond these inorganic interactions, the chemical kinetics of 

SDF are profoundly shaped by its interaction with the organic 

matrix of dentin, which is predominantly composed of Type I 

collagen. In an active carious lesion, host-derived enzymes 

known as matrix metalloproteinases (MMPs) and cysteine 

cathepsins are activated by the acidic environment produced 

by cariogenic bacteria. These enzymes slowly degrade the 

exposed collagen scaffold, preventing the mineral phase from 

successfully re-precipitating and hardening. Research 

demonstrates that the silver ions within SDF exert a powerful 

inhibitory effect on these destructive proteolytic enzymes. By 

binding specifically to the catalytic domains and zinc- or 

calcium-binding sites of MMP-2, MMP-8, and MMP-9, silver 
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ions effectively denature these proteins, halting the enzymatic 

breakdown of the dentin collagen matrix (Zhao et al., 2018). 

Furthermore, the alkaline pH of the solution facilitates the 

cross-linking of remaining collagen fibers, increasing their 

mechanical stiffness and resistance to enzymatic cleavage. 

This preservation of the organic collagen framework is a 

critical prerequisite for biomimetic remineralization, as the 

intact collagen strands serve as the necessary spatial template 

for the epitaxical growth of newly formed fluorohydroxyapatite 

crystals, restoring mechanical properties to the softened 

dentin substrate. 

ANTIMICROBIAL MECHANISMS AND BIOFILM 

DISRUPTION 

While the mineral transformations induced by the fluoride 

component of SDF provide structural defense against acid 

dissolution, the long-term arrest of dental caries requires the 

elimination or profound modulation of the pathogenic bacterial 

biofilm. The silver ion ($Ag^+$) is the primary driver of SDF's 

exceptional antimicrobial properties, operating through a 

complex, multi-targeted mechanism that minimizes the risk of 

bacterial resistance. Understanding these pathways requires 

an examination of how silver ions interact with individual 

bacterial cells, the extracellular polymeric substance (EPS) 

matrix, and the broader microbial community within the 

carious lesion. 

The first line of interaction occurs at the bacterial cell 

envelope. Gram-positive bacteria, such as Streptococcus 

mutans and Lactobacillus species, are the primary etiological 

agents implicated in coronal caries initiation and progression, 

while Actinomyces species frequently dominate root surface 

lesions. The cell walls of these organisms contain high 

concentrations of peptidoglycans, teichoic acids, and surface 

proteins that possess net negative charges. Free silver ions 

liberated from SDF are electrostatically attracted to these 

negatively charged bacterial surfaces. Upon reaching the cell 

wall, silver ions bind strongly to sulfhydryl ($-SH$), carboxyl 

($-COOH$), and phosphate ($--PO_4$) groups present on cell 

surface proteins and structural polymers (Jung et al., 2008). 

This binding disrupts the structural integrity of the cell wall, 

altering its permeability and compromising its mechanical 

stability. 

Once the cell wall is breached, silver ions gain access to the 

plasma membrane, where they interfere with essential 

transport proteins and ion channels. This causes a rapid efflux 

of vital intracellular ions, such as potassium, and disrupts the 

transmembrane proton gradient required for adenosine 

triphosphate (ATP) synthesis. In cariogenic bacteria like 

Streptococcus mutans, the membrane-bound $F_1F_0$-

ATPase system is critical for maintaining intracellular pH 

homeostasis by pumping excess protons out of the cell. By 

binding to and inactivating this enzyme complex, silver ions 

cause intracellular acidification, which rapidly halts bacterial 

glycolysis and acid production (Zhao et al., 2018). 

[SDF Application]  

       │ 

       ▼ (Dissociation) 

   [Ag+ Ions] ───► Electrostatically attracted to Negatively 

Charged Cell Wall 

       │ 

       ├─► Binds Sulfhydryl (-SH) Groups ──► Denatures 

Glycolytic Enzymes 

       ├─► Inactivates F1F0-ATPase ───────► Disrupts 

Proton Pump & pH Balance 

       └─► Penetrates Membrane ────────────► 

Condenses DNA & Halts Replication 

Upon penetrating the cytoplasm, silver ions engage with 

intracellular targets. They display a high affinity for the 

sulfhydryl groups located within the active sites of crucial 

metabolic enzymes, including those involved in the glycolytic 

pathway and the phosphotransferase system (PTS). The 

binding of silver to these groups induces conformational 

changes and protein denaturation, effectively shutting down 

the cell's energy generation mechanisms. 

Furthermore, silver ions interact directly with bacterial nucleic 

acids. Inside the cell, silver ions associate with the purine and 

pyrimidine bases of deoxyribonucleic acid (DNA) and 

ribonucleic acid (RNA), stabilizing the double-helix structure in 

a condensed configuration. This condensation prevents the 

DNA strands from unwinding, thereby blocking transcription 

and replication processes and leading to cell death or a state 

of permanent metabolic arrest (Jung et al., 2008). 

A unique and highly advantageous characteristic of silver-

mediated antimicrobial action within dental hard tissues is the 

phenomenon known as the "zombie effect," or the biocidal 
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cycle of silver-killed bacteria. When cariogenic bacteria are 

eradicated by silver ions, the silver remains chemically bound 

within the cellular corpse. As the dead bacterial cell gradually 

lyses or breaks down under physiological conditions, it slowly 

releases these stored silver ions into the immediate 

microenvironment. These liberated ions remain active and can 

be absorbed by adjacent living bacteria, initiating a secondary 

wave of antimicrobial action without requiring the application 

of fresh SDF (Wakshlak, Pedahzur, and Avnir, 2015). This 

sustained release mechanism is particularly valuable within 

the microscopic recesses of a carious lesion, where manual 

application instruments cannot directly penetrate. 

When evaluating these mechanisms within a complex biofilm, 

rather than isolated planktonic cultures, the efficacy of SDF is 

further enhanced by its ability to disrupt the extracellular 

polymeric substance (EPS) matrix. In a mature cariogenic 

biofilm, bacteria are embedded within a self-produced matrix 

of glucans, fructans, and extracellular DNA, which acts as a 

diffusion barrier against many conventional antimicrobials. 

The highly concentrated and alkaline nature of 38% SDF 

allows it to penetrate this EPS matrix efficiently. The silver ions 

displace essential divalent cations, such as calcium and 

magnesium, which are responsible for cross-linking and 

stabilizing the EPS framework. This structural displacement 

leads to the dissolution of the biofilm matrix, exposing the 

embedded bacterial clusters to direct contact with the 

antimicrobial silver ions and facilitating their removal via 

mechanical brushing or salivary washing (Sorkhdini et al., 

2020). 

Crucially, the antimicrobial spectrum of SDF extends beyond 

cariogenic bacteria to include other oral pathogens and 

opportunists, such as Candida albicans, which frequently co-

aggregates with Streptococcus mutans in severe early 

childhood caries. Candida albicans possesses distinct virulence 

factors, including the production of secreted aspartyl 

proteinases and the ability to undergo a morphogenic 

transition from a yeast form to a highly invasive hyphal form, 

both of which enhance its pathogenicity within the oral cavity 

(Pereira et al., 2015). The silver ions in SDF inhibit this yeast-

to-hyphae transition and denature the surface proteins 

responsible for fungal adherence, offering comprehensive 

protection across diverse microbial domains. 

Furthermore, clinical and laboratory investigations have 

demonstrated that the antimicrobial action of SDF remains 

robust even against complex multispecies consortia, such as 

those found in human periodontitis or deep dentinal lesions, 

significantly lowering the overall pathogenic load within the 

treated microenvironment (Rams et al., 2020). 

Microstructural Interactions and Dentin Tubule Occlusion 

To fully evaluate the physiological consequences of topical 

38% silver diamine fluoride therapy, one must examine its 

microstructural interactions within the complex architecture of 

human dentin. Structurally, dentin is a vital, mineralized tissue 

traversed by thousands of microscopic channels known as 

dentin tubules, which extend outward from the central dental 

pulp cavity to the dentinoenamel junction. Each tubule 

contains a cytoplasmic extension of a specialized pulpal cell 

known as an odontoblast, surrounded by dentinal fluid. Under 

normal conditions, these tubules are insulated from the oral 

environment by intact enamel or cementum. However, when 

dental caries or mechanical wear strips away these protective 

outer layers, the dentin tubules become exposed, creating a 

direct pathway for bacterial invasion toward the pulp and 

allowing rapid fluid movements that trigger dentin 

hypersensitivity. 

The application of a 38% SDF gel or solution initiates a rapid 

structural reorganization within these exposed tubules. As the 

volatile ammonia molecules evaporate, the highly 

concentrated silver and fluoride ions stream into the patent 

tubule lumens, driven by capillary action and concentration 

gradients. Upon entry, these ions encounter dentinal fluid, 

which is rich in calcium, phosphate, and chloride ions, as well 

as dissolved proteins and organic components. The resulting 

chemical reactions lead to the instantaneous precipitation of 

microscopic crystalline structures along the internal walls of 

the tubules (Kiesow et al., 2022). 

These intratubular precipitates consist primarily of silver 

chloride, silver phosphate, and calcium fluoride complexes. As 

the reaction progresses, these crystals grow in size and 

density, eventually forming solid, microscopic plugs that 

completely seal the tubule lumens. Scanning electron 

microscopy investigations reveal that this occlusion process 

can extend significantly into the dentin tubules, creating a 

deep subsurface zone of mineralization that resists mechanical 

dislodgement (Kiesow et al., 2022). 

This profound tubule occlusion serves several critical 

therapeutic functions: 

https://eipublication.com/index.php/eijmrms


European International Journal of Multidisciplinary Research and Management Studies 
(ISSN: 2750-8587) 
 

119 
 

https://eipublication.com/index.php/eijmrms 

• Halting Fluid Dynamics: It directly addresses the 

hydrodynamic theory of dentin hypersensitivity. According to 

this theory, thermal, osmotic, or mechanical stimuli applied to 

exposed dentin cause rapid upward or downward movements 

of the fluid within the tubules, stimulating the 

subodontoblastic nerve plexus and eliciting sharp pain. By 

completely sealing the tubule orifices, SDF eliminates this fluid 

movement, providing immediate relief from hypersensitivity. 

•  Creating a Physical Barrier: The dense crystalline plugs 

establish a physical barrier that prevents the inward migration 

of bacteria and their acidic metabolic byproducts toward the 

pulp chamber. 

• Limiting Nutrient Diffusion: This occlusion cuts off the 

outward flow of dentinal fluid, which contains trace proteins 

and nutrients that residual bacteria within the deep lesion 

utilize to sustain their metabolic cycles. 

The structural impact of SDF application varies significantly 

between healthy, intact dentin and demineralized, carious 

dentin. In sound dentin, the mineral phase is highly 

consolidated, leaving relatively little space for the infiltration 

of large quantities of silver precipitates. Consequently, the 

chemical reaction remains largely confined to the superficial 

layer and the immediate openings of the patent tubules. In 

contrast, demineralized carious dentin is highly porous, 

characterized by a depleted mineral phase and an expanded, 

water-filled organic framework. This increased porosity allows 

SDF to penetrate deeply into the soft tissue matrix, often 

reaching depths of several hundred micrometers (Knight et al., 

2007). 

Within this demineralized zone, the silver ions bind extensively 

to the exposed collagen fibers, forming a reinforced organic-

inorganic composite layer. This interaction is mediated by the 

affinity of silver for the amino acid functional groups within the 

collagen structure, which creates a stable network that 

prevents further enzymatic degradation by matrix 

metalloproteinases. 

Simultaneously, the massive influx of fluoride ions promotes 

the growth of fluorohydroxyapatite crystals directly upon this 

stabilized collagen scaffold, a process termed biomimetic 

remineralization. The resulting layer is highly dense, clinical 

harder, and darker than the surrounding healthy dentin, 

creating a durable surface that can withstand the abrasive 

forces of mastication and oral hygiene procedures. 

Histological Pulpal Response and Vitality Management 

The application of a highly concentrated chemotherapeutic 

agent like 38% silver diamine fluoride inevitably raises 

important clinical and biological questions regarding its safety 

and biocompatibility with the vital dental pulp. Because dentin 

and pulp are developmentally and functionally integrated as 

the pulp-dentin complex, any substance applied to the dentin 

surface has the potential to diffuse through the tubules and 

interact with the cellular components of the pulp, including 

odontoblasts, fibroblasts, undifferentiated mesenchymal cells, 

and the rich capillary and neural networks. Therefore, a 

rigorous evaluation of the histological and pathological 

responses of pulpal tissue to SDF is essential to ensure long-

term clinical safety. 

Systematic reviews and in vivo histological investigations 

indicate that the response of the dental pulp to topical SDF 

application is highly dependent on the thickness of the 

remaining dentin barrier separating the base of the carious 

lesion from the pulp chamber (Zaeneldin, Yu, and Chu, 2022). 

When a sufficient layer of dentin remains intact-typically 

defined as a thickness greater than or equal to 0.5 to 1.0 

millimeter-the application of 38% SDF does not induce 

irreversible inflammatory changes or pulpal necrosis. The 

natural buffering capacity of the dentin, combined with the 

outward positive hydrodynamic pressure of the dentinal fluid, 

limits the diffusion of free silver and fluoride ions into the 

central pulp chamber. 

Furthermore, the rapid intratubular precipitation of silver 

chloride and calcium fluoride plugs acts as a self-limiting 

mechanism. As these solid crystalline structures form within 

the first few seconds of contact, they seal the tubules and 

prevent the remaining unreacted solution from penetrating 

deeper into the tissue (Kiesow et al., 2022). Consequently, the 

underlying pulpal tissue shows minimal to no inflammatory cell 

infiltration, maintaining its normal vascular architecture and 

cellular organization (Zaeneldin, Yu, and Chu, 2022). 

In cases of deep carious lesions where the remaining dentin 

barrier is thin, the histological picture becomes more dynamic. 

The initial cellular response to the chemical stimulus of SDF 

involves a mild, transient inflammatory reaction within the 

subodontoblastic layer, characterized by localized hyperemia 

and a slight infiltration of polymorphonuclear leukocytes. 

However, this acute response is typically short-lived and is 

rapidly replaced by a robust healing and reparative sequence. 
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The odontoblasts, stimulated by the chemical signals and the 

release of bound growth factors from the reminerlizing dentin 

matrix, increase their metabolic activity and begin synthesizing 

a layer of tertiary reactionary dentin along the internal walls 

of the pulp chamber adjacent to the lesion (Korwar et al., 

2015). 

[Deep Lesion / Thin Dentin Barrier] 

                  │ 

                  ▼ 

      [SDF Chemical Stimulus] 

                  │ 

                  ▼ 

  [Mild, Transient Inflammatory Response] (Hyperemia) 

                  │ 

                  ▼ 

   [Odontoblast Metabolic Stimulation] 

                  │ 

                  ▼ 

    [Tertiary Reactionary Dentin Layer] ──► Increased 

Biological Shielding 

This tertiary dentin layer provides an additional biological 

shield that thickens the mineralized barrier between the pulp 

and the external environment, safeguarding pulpal vitality 

over the long term. Comparative in vivo studies have 

evaluated this response against traditional pulp capping 

materials, such as calcium hydroxide and high fluoride-

releasing glass ionomer cements (Korwar et al., 2015). While 

calcium hydroxide induces a distinct zone of coagulation 

necrosis followed by the formation of a dentin bridge, SDF 

tends to stimulate a more diffuse, non-necrotic reparative 

dentinogenesis, provided that there is no direct, macroscopic 

exposure of the pulpal tissue. 

However, a critical threshold exists: if the dental pulp has 

undergone irreversible pulpitis due to long-standing, severe 

bacterial invasion, or if a mechanical or carious exposure is 

present, the direct application of 38% SDF is contraindicated. 

When applied directly to exposed pulpal tissue without a 

dentin barrier, the highly alkaline and concentrated silver ions 

can induce localized chemical necrosis and severe 

inflammatory reactions, potentially leading to total pulpal 

autolysis or necrosis. Therefore, careful pre-operative 

diagnosis-including assessing the history of spontaneous pain, 

evaluating percussion and palpation sensitivity, and 

performing radiographic examinations to rule out periapical 

radiolucencies-remains mandatory to ensure that SDF is 

utilized exclusively in teeth with vital, restorable pulp systems. 

Aesthetic Implications, Public Health, and Clinical Outcomes 

Beyond the laboratory and histological dimensions, the true 

value of 38% silver diamine fluoride is realized through its 

widespread clinical application and its impact on public health. 

Numerous randomized clinical trials and longitudinal cohort 

studies have evaluated the clinical efficacy of SDF across 

different age groups, anatomical sites, and socioeconomic 

settings. The consensus throughout the dental literature 

confirms that topical application of 38% SDF is highly effective 

at arresting active coronal caries in primary teeth, as well as 

root caries lesions in older adult populations (Li et al., 2016; 

Sihra et al., 2020). 

In pediatric dentistry, particularly within the context of severe 

early childhood caries, SDF has emerged as a disruptive 

innovation. Traditional management of widespread decay in 

very young children often necessitates extensive restorative 

treatment under general anesthesia or deep sedation-

modalities that carry inherent medical risks and substantial 

financial costs. Clinical evidence demonstrates that periodic 

topical application of 38% SDF-ideally performed semi-

annually-can arrest up to 80% or more of active cavitated 

lesions, effectively stabilizing the disease and deferring or 

eliminating the need for advanced pharmacological behavior 

management (Sihra et al., 2020). 

Furthermore, this stabilization has been directly linked to 

significant improvements in the oral health-related quality of 

life for both the children and their families, reducing pain, 

resolving systemic infection risks, and restoring normal 

sleeping and eating patterns. 

Similarly, the clinical efficacy of SDF is well-documented in 

geriatric dentistry. As the global population ages and retains 

more natural teeth, the incidence of root surface caries has 

increased substantially. Root dentin and cementum have a 

lower mineral content and higher organic fraction than 

enamel, making them highly susceptible to rapid 

demineralization following gingival recession and salivary 
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hypofunction. Randomized controlled trials involving 

community-dwelling older adults have demonstrated that 

annual or semi-annual applications of 38% SDF outperform 

conventional oral hygiene instructions and standard fluoride 

varnishes in arresting active, soft root lesions, converting them 

into hard, smooth surfaces that are easily maintainable (Li et 

al., 2016; Mitchell et al., 2021). 

Clinical Cohort Primary Therapeutic Goal Optimal 

Application Frequency Key Documented Outcome 

Pediatric (Early Childhood Caries) Caries arrest in primary 

dentition; avoidance of general anesthesia Semi-annual 

(twice per year) Up to 80%+ arrest rates; significant 

improvement in quality of life metrics 

Geriatric (Community-Dwelling/Frail) Management of 

active root surface lesions; mitigation of root sensitivity

 Annual or semi-annual High conversion of soft, 

active decay into hard, arrested structures 

Medicaid/Public Health Populations Scalable, cost-effective 

disease control; narrowing of systemic care gaps Semi-

annual or risk-based Dramatic reduction in treatment 

backlogs; highly favorable cost-benefit ratio 

From a public health and health economics perspective, SDF 

offers exceptional benefits in scalability and cost-

effectiveness. In many public assistance frameworks, such as 

Medicaid populations or community health centers, the 

demand for conventional restorative dentistry far outstrips 

available provider capacity and funding. This imbalance can 

lead to extensive wait times during which preventable decay 

progresses to irreversible pulpal involvement or systemic 

infection. Because the application of SDF requires minimal 

instrumentation, can be completed in less than one minute per 

tooth, and can be legally delivered by auxiliary dental 

personnel (such as dental hygienists and therapists in many 

jurisdictions), it can be deployed rapidly across large 

populations in non-traditional settings, including schools, 

nursing homes, and mobile clinics. 

Standardizing these non-invasive protocols within public 

health frameworks provides a powerful tool to address oral 

health inequities, allowing public programs to maximize the 

health outcomes achieved per dollar spent (Sulyanto et al., 

2021). 

Despite these clear clinical and economic advantages, the 

widespread adoption of SDF faces a significant barrier: the 

characteristic dark black discoloration of arrested lesions. This 

staining occurs when silver ions are reduced to metallic silver 

and silver oxides within the porous, demineralized dentin 

matrix. While this color change is a biological indicator of 

successful caries arrest, it can present an aesthetic challenge 

for many patients and parents. Scoping reviews examining 

parental perception, acceptability, and satisfaction indicate 

that acceptance of SDF staining is highly contextual, 

depending on the anatomical location of the tooth and the 

clinical circumstances (Magno et al., 2019). 

In general, parental acceptance is high for posterior teeth 

(molars) where the staining is less visible during normal 

speech and smiling. For anterior teeth, acceptance rates drop 

significantly, though they remain substantial among parents 

who face the alternative of treating their child under general 

anesthesia or sedation. Furthermore, acceptance is strongly 

influenced by the clinician’s communication style; when 

parents are fully informed of the biological benefits, ease of 

application, and safety profile prior to treatment, satisfaction 

rates remain high, even when aesthetic compromises occur. 

To mitigate these aesthetic challenges, contemporary 

research has explored various modifications to the standard 

SDF protocol. One prominent approach involves the sequential 

application of potassium iodide (KI) immediately following 

SDF. The introduction of KI causes the free silver ions to react 

preferentially with iodide ions, forming silver iodide ($AgI$), a 

creamy-white precipitate that reduces the initial dark staining 

associated with silver oxide formation. While some laboratory 

and clinical studies suggest that the SDF-KI protocol can limit 

discoloration immediately after treatment, long-term clinical 

trials indicate that some degree of darkening may still occur 

over time due to the photo-instability of silver compounds. 

Importantly, clinicians must also consider the potential for 

minor, transient adverse effects, such as localized, reversible 

white lesions on the adjacent free gingiva or oral mucosa if 

the solution contacts soft tissue (Duangthip et al., 2018). 

These minor chemical irritations typically resolve 

spontaneously within a few days without treatment, but they 

underscore the need for careful application techniques, such 

as the use of petroleum jelly or cotton roll isolation to protect 

sensitive mucosal surfaces. 

Synthesis of Theoretical Frameworks and Counter-Arguments 

https://eipublication.com/index.php/eijmrms


European International Journal of Multidisciplinary Research and Management Studies 
(ISSN: 2750-8587) 
 

122 
 

https://eipublication.com/index.php/eijmrms 

While the clinical and laboratory evidence supporting 38% 

silver diamine fluoride is substantial, a comprehensive 

academic review must critically evaluate the competing 

theoretical frameworks, historical controversies, and counter-

arguments that shape its current place in dental medicine. The 

re-emergence of SDF has challenged long-held dogmas in 

operative dentistry, sparking debate regarding the longevity 

of non-restorative treatments, the potential for altering the 

oral microbiome, and the balance between biological 

preservation and aesthetic standards. 

One major point of discussion centers on the longevity and 

stability of caries arrest achieved solely through 

chemotherapeutic intervention. Critics of non-restorative 

approaches argue that applying SDF without placing a physical 

restoration leaves the structural defect (the cavity) unsealed. 

This open cavitation can act as a permanent food trap, 

accumulating plaque and debris that may eventually 

overwhelm the chemical protection provided by the silver and 

fluoride ions. This counter-argument highlights a vital clinical 

reality: SDF application should not be viewed as a single, 

permanent cure, but rather as an ongoing management 

strategy. Long-term clinical success requires regular re-

evaluations and re-applications to maintain the mineral and 

antimicrobial reservoirs within the dentin matrix. Furthermore, 

when structural integrity or function is compromised, SDF can 

be integrated into the Silver Modified Atraumatic Restorative 

Treatment (SMART) protocol, where the lesion is arrested with 

SDF and subsequently filled with a glass ionomer cement, 

combining biological arrest with functional restoration. 

Another debate involves the systemic safety and toxicity 

profiles of highly concentrated silver and fluoride formulations. 

Concerns have been raised regarding the systemic absorption 

of silver ions, particularly in young children, and the theoretical 

risk of developing argyria-a condition characterized by a 

permanent bluish-gray discoloration of the skin and mucous 

membranes resulting from chronic silver toxicity. However, 

pharmacokinetic studies have consistently shown that the 

amount of silver absorbed systemically following a localized, 

topical application of a few drops of 38% SDF is well below 

established safety thresholds and represents only a fraction of 

the exposure encountered through normal dietary sources. 

The self-limiting nature of the intratubular precipitation 

reaction further restricts systemic uptake, ensuring that the 

therapeutic benefits are concentrated within the target dental 

hard tissues. 

Furthermore, researchers continue to study the long-term 

impact of widespread silver utilization on the oral microbiome 

and the potential development of bacterial resistance. Silver 

has been used as a broad-spectrum antimicrobial across 

various medical fields for centuries, and instances of true 

plasmid-mediated silver resistance remain rare, particularly in 

Gram-positive oral pathogens. This low resistance risk is 

primarily due to the multi-targeted mechanism of the silver 

ion, which simultaneously disrupts the cell wall, inactivates 

essential metabolic enzymes, and condenses DNA. For a 

bacterium to develop resistance, it would need to acquire 

multiple simultaneous mutations affecting all of these target 

systems-a scenario that is evolutionarily improbable. 

Nevertheless, ongoing monitoring of oral microbial ecology 

remains essential as SDF usage expands globally, ensuring 

that this valuable agent retains its therapeutic potency for 

future generations. 

CONCLUSION 

Thirty-eight percent silver diamine fluoride represents a highly 

effective synthesis of material science, microbiology, and 

clinical pragmatism, offering a powerful, non-invasive 

alternative to traditional surgical caries management. By 

driving a dual-action therapeutic process, SDF simultaneously 

fortifies the inorganic phase of compromised tooth structure 

through the synthesis of highly acid-resistant 

fluorohydroxyapatite and delivers a sustained, multi-targeted 

antimicrobial assault via free silver ions. Its ability to preserve 

the underlying dentin collagen matrix by inhibiting host-

derived proteolytic enzymes ensures a stable structural 

scaffold for biomimetic remineralization. At the microstructural 

level, the rapid occlusion of dentin tubules provides immediate 

relief from hypersensitivity and establishes a physical and 

chemical barrier that protects the vital dental pulp-dentin 

complex. Clinically, despite the aesthetic challenges of silver 

staining, SDF’s ease of application, cost-effectiveness, and 

safety profile make it an indispensable asset for modern public 

health initiatives and specialized patient care protocols. As 

dentistry continues to embrace minimally invasive, patient-

centered models of care, the standardized deployment of SDF 

stands out as a vital strategy for reducing the global burden 

of dental caries and advancing oral health equity worldwide. 
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