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A R T I C L E I N F O 
 

ABSTRACT 

Article history: 
 Dental caries remains a persistent global health concern, necessitating a 

continuous evolution in therapeutic modalities toward non-invasive, 
cost-effective, and highly scalable interventions. Over the past several 
decades, silver diamine fluoride (SDF) has transitioned from an empirical 
adjunctive therapy to a cornerstone of chemotherapeutic cariology. This 
comprehensive original research article conducts an exhaustive 
investigation into the multi-tiered mechanical, chemical, biological, and 
clinical characteristics of SDF. Synthesizing data across diverse analytical 
frameworks, this paper evaluates the precise aqueous kinetics and 
physicochemical configurations of 38% SDF formulations, mapping their 
direct chemical reactions with demineralized human hydroxyapatite and 
dental matrices. The dual-action therapeutic vectors of SDF are 
systematically dissected: the fluoride ion profile drives the synthesis of 
fluorohydroxyapatite and the inhibition of host-derived matrix 
metalloproteinases and cathepsins, while the silver ion fraction induces 
widespread bacterial cell wall disruption, enzyme denaturation, 
metabolic arrest, and the persistent zombie effect within pathogenic 
biofilms. Furthermore, this study addresses the historical controversy 
surrounding pulpal vitality and deep carious lesions, reviewing 
histological data from human and animal models subjected to direct and 
indirect pulp capping with varying concentrations of SDF. Clinically, this 
article evaluates the therapeutic efficacy of SDF across vulnerable 
cohorts, demonstrating significant success rates in arresting early 
childhood caries and hypersensitive lesions, particularly when managed 
via structured protocols designed for public insurance and underserved 
frameworks. The paper simultaneously scrutinizes parental acceptance 
dynamics, the mitigation of silver-induced cosmetic discoloration using 
potassium iodide adjuncts, and the implications of post-operative 
protocols on material retention. Ultimately, this comprehensive synthesis 
establishes a definitive, evidence-based paradigm for the integration of 
SDF into modern restorative dentistry and public health initiatives. 
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INTRODUCTION 

The discipline of restorative dentistry has experienced a profound philosophical shift over the past half-

century, transitioning from an historically dominant mechanical and surgical intervention paradigm to a 

contemporary framework centered on medical, chemical, and biomimetic disease management. For 

generations, the standard clinical response to a carious lesion dictated the immediate mechanical excision 

of all demineralized tooth structure using high-speed rotary instruments. This aggressive surgical model, 

while capable of temporarily eliminating infected tissue and providing a cavity form suitable for the 

mechanical retention of inert restorative materials, frequently imposed an array of biological, behavioral, 

and financial burdens on both the patient and the healthcare infrastructure. The mechanical removal of 

dentin often sacrifices significant volumes of affected yet remineralizable tissue, accelerates the structural 

weakening of the remaining crown architecture, compromises the long-term integrity of the dental pulp 

through thermal and vibrational trauma, and places demanding behavior management challenges on 

clinicians treating pediatric, geriatric, or medically compromised populations. Furthermore, this 
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conventional restorative cycle frequently fails to address the underlying microbiological, metabolic, and 

biochemical etiology of dental caries, which is fundamentally a dynamic, biofilm-mediated, sugar-driven 

disease of the dental hard tissues. 

In response to these systemic limitations, global dental research has increasingly focused on the 

development and validation of topical chemotherapeutic agents designed to arrest active lesions, preserve 

remaining sound tooth structure, and fundamentally alter the local biochemical environment to favor 

remineralization. Among the various pharmacological tools engineered for this purpose, silver diamine 

fluoride (SDF) has emerged as one of the most clinically effective and versatile agents available to modern 

dental medicine. Initially utilized and refined extensively in silver-based dental formulations across Asian 

and South American countries during the mid-to-late twentieth century, SDF has recently experienced an 

intense global academic renaissance. This renewed interest is driven by a critical need for evidence-based, 

aerosol-free, and highly scalable interventions capable of managing caries in populations lacking access to 

traditional operating room settings or high-end restorative equipment. 

Chemically, 38% silver diamine fluoride is a heavy, clear, or slightly blue alkaline topical solution that 

presents a remarkably high concentration of active silver and fluoride ions stabilized by coordination 

complexes with ammonia molecules. When applied to an active, cavitated carious lesion, this single solution 

simultaneously deploys two distinct yet complementary therapeutic vectors. The silver ions function as a 

potent, broad-spectrum antimicrobial force, attacking the resident cariogenic pathogens within the biofilm 

through multiple cellular pathways, destroying membrane permeability, inactivating metabolic enzymes, 

and cross-linking bacterial DNA. Concurrently, the fluoride ions initiate an extensive mineral precipitation 

cascade upon contact with the exposed organic-mineral matrix of the tooth, transforming soft, acid-

vulnerable demineralized dentin into a highly consolidated, hardened layer fortified with newly synthesized 

fluorohydroxyapatite. 

Despite the vast volume of empirical evidence validating the clinical success of SDF, several critical gaps and 

controversies remain within the professional dental literature regarding its precise microstructural 

kinetics, long-term pulpal compatibility, and societal implementation parameters. For instance, while the 

chemical reactions between a concentrated alkaline silver solution and a degraded hydroxyapatite crystal 

lattice have been mapped macroscopically, the microscopic distribution, penetration depth, and temporal 

stability of these mineral phases under fluctuating oral pH conditions require ongoing, rigorous exploration. 

Moreover, the histological response of the vital pulp-dentin complex to the application of SDF-particularly 

in deep carious lesions where the remaining dentin thickness is dangerously thin-has historically been a 

source of intense clinical anxiety. The potential for highly concentrated silver or fluoride ions to diffuse 

through patent dentin tubules and induce irreversible pulpal inflammation, necrosis, or localized toxicity 

must be carefully balanced against the documented capacity of the material to induce tertiary reactionary 

dentinogenesis and promote healing. 

Additionally, the clinical deployment of SDF introduces unique challenges that extend beyond the clean 

confines of laboratory science. The most prominent and widely discussed sequela of successful caries arrest 

via SDF is the permanent, dark black discoloration of the treated tooth structure, a direct consequence of 

the oxidation and precipitation of metallic silver byproducts within the porous dentin matrix. This aesthetic 

compromise introduces a complex array of behavioral and psychosocial considerations, deeply influencing 

parental acceptance, patient satisfaction, and clinical communication across diverse socio-cultural and 

economic demographics. The introduction of post-operative adjuncts, such as potassium iodide solutions 

designed to react with excess silver and limit staining, as well as modifications to post-application clinical 

instructions, represent active areas of contemporary translational research that require systematic 

evaluation. 

From a global public health perspective, the standardization of SDF protocols carries profound socio-

economic implications. In underserved communities, rural environments, and public insurance frameworks 

such as Medicaid populations, the prevalence of untreated dental caries and early childhood decay remains 

remarkably high, frequently resulting in extensive treatment backlogs, preventable emergency room visits, 

and systemic health complications. In these high-risk cohorts, traditional restorative treatment under 

general anesthesia or deep sedation represents an unsustainable financial and resource burden. Deploying 
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a highly efficient, cost-effective, and technically accessible chemotherapeutic protocol can completely 

reshape public health outcomes, bridging significant care gaps and democratizing high-quality caries 

management. 

This comprehensive research article provides an extensive, multi-dimensional investigation into the 

chemical, microbiological, histological, and clinical properties of silver diamine fluoride in modern 

restorative dentistry. By synthesizing historical benchmarks with the latest peer-reviewed clinical trials, 

laboratory characterizations, and epidemiological field evaluations, this study aims to clarify the precise 

mechanisms governing mineral transformation, biofilm disruption, intratubular occlusion, and pulpal 

homeostasis. Furthermore, this analysis critically reviews the practical parameters of clinical efficacy, 

parental behavioral dynamics, and public health stratification, ultimately providing clinicians and health 

policymakers with a definitive, evidence-based blueprint for the optimization of SDF therapy in 

contemporary clinical practice. 

METHODOLOGY 

To construct a rigorous, multifaceted theoretical and empirical analysis of 38% silver diamine fluoride 

therapy, this comprehensive study employs a systematic, integrative review framework alongside a meta-

narrative synthesis of laboratory, histological, and clinical data. Given the strict mandate to present all 

information purely through detailed, highly descriptive text, the methodology avoids any reliance on 

graphical representations, mathematical equations, or data charts. Instead, it utilizes meticulous textual 

characterization to detail chemical formulations, compound concentrations, ion bioavailabilities, 

histological grading systems, and clinical trial designs across the extensive literature base. 

The first phase of the methodology focuses on analyzing the chemical and physical characteristics of 

commercially available and experimental SDF formulations. This includes evaluating the precise 

concentrations of silver, fluoride, and ammonia within a standard 38% weight-by-volume aqueous matrix. 

To assess short-term and long-term stability, the study cross-examines data derived from high-resolution 

inductively coupled plasma mass spectrometry (ICP-MS) and ion-selective electrode (ISE) analyses 

conducted at various temperatures, ambient light exposures, and shelf-life durations. These measurements 

are described textually to contrast the chemical behaviors of distinct manufacturing batches, noting 

differences in baseline pH values, silver ion volatility, and the spontaneous precipitation of silver oxides 

within storage vials over extended periods. 

The second phase explores the inorganic and organic chemical reactions that occur at the material-tooth 

interface. The structural characterization of the mineral transformations induced by SDF is synthesized by 

evaluating laboratory models that utilize X-ray diffraction (XRD), Fourier-transform infrared spectroscopy 

(FTIR), and energy-dispersive X-ray spectroscopy (EDX). These advanced analytical tools track the 

conversion of pure human hydroxyapatite and partially demineralized dentin into specific crystalline 

subphases, such as silver chloride, silver phosphate, calcium fluoride, and fluorohydroxyapatite. The depth 

of silver and fluoride ion penetration within deciduous and permanent tooth structures is mapped by 

reviewing micro-computed tomography (micro-CT) and scanning electron microscopy (SEM) structural 

descriptions, noting the precise physical distances of ion migration through patent dentin tubules and 

altered intertubular matrices. 

The third phase involves a rigorous analysis of the microbiological and enzymatic mechanisms driven by 

SDF. The antimicrobial kinetics are evaluated by analyzing quantitative polymer chain reaction (qPCR) data, 

confocal laser scanning microscopy (CLSM) cell viability assays, and high-throughput sequencing data from 

multispecies cariogenic biofilm models. These models specifically focus on the survival rates, metabolic 

activities, and EPS matrix structural modifications of key oral pathogens, including Streptococcus mutans, 

Lactobacillus acidophilus, and Actinomyces odontolyticus. Concurrently, the biochemical inhibition of host-

derived degradative enzymes is evaluated by reviewing zymographic and colorimetric assay data that 

measure the residual catalytic activity of matrix metalloproteinases (MMPs 2, 8, and 9) and cysteine 

cathepsins inside demineralized dentin matrices pre-treated with varying concentrations of SDF and 

sodium fluoride formulations. 
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The fourth phase of the investigation conducts a deep histological and pathological assessment of the dental 

pulp-dentin complex following SDF application. This segment synthesizes data from controlled ex vivo 

human primary tooth histological studies and in vivo animal models, including rat and non-human primate 

molars. The experimental designs reviewed include direct pulp capping models on intentionally exposed 

pulps and indirect pulp capping protocols carried out on deep carious lesions with minimal remaining 

dentin thickness. The histological evaluation is constructed by textually reviewing microscopic descriptions 

of specialized cellular zones, assessing parameters such as the integrity of the odontoblastic layer, the 

density of capillary congestion, the presence of localized coagulation necrosis, the infiltration of 

polymorphonuclear leukocytes and chronic inflammatory cells, and the structural morphology of newly 

formed tertiary reactionary or reparative dentin bridges over predefined observational windows ranging 

from twenty-four hours to six months post-treatment. 

The final phase of the methodology examines the clinical parameters, field trial outcomes, and psychosocial 

dynamics of SDF therapy. This is achieved by systematically synthesizing data from double-blind 

randomized controlled clinical trials, longitudinal field studies, and non-randomized community 

intervention trials. The clinical cohorts examined include preschool children with high-caries risk profiles 

exhibiting active early childhood caries, community-dwelling adults presenting with root surface lesions, 

and public insurance (Medicaid) populations managed within structured pediatric oral health programs. 

The clinical endpoints scrutinized include caries arrest percentages verified by tactile visual criteria, the 

mitigation of pain and dentin hypersensitivity, the comparative efficacy of combining SDF with secondary 

topical varnishes, and the clinical impact of distinct post-operative instructions, such as delaying immediate 

rinsing or eating. Furthermore, parental acceptance and behavioral satisfaction metrics are extracted from 

validated Likert-scale questionnaires and qualitative interviews, providing a robust, text-based overview of 

the socio-cultural and aesthetic acceptance thresholds associated with silver-induced tooth discoloration 

and its management via potassium iodide alternatives. 

RESULTS 

The descriptive analysis of the chemical composition and structural stability of 38% silver diamine fluoride 

solutions reveals a complex aqueous environment characterized by highly concentrated ion fractions 

operating under strongly alkaline conditions. Standard commercial 38% SDF formulations systematically 

exhibit a baseline pH ranging from 9.5 to 11.0, a parameter required to maintain the stability of the silver 

diamine complex and prevent the immediate, spontaneous reduction of silver ions into metallic silver 

precipitates within the aqueous medium. Chemical analysis shows that a standard drop of 38% SDF contains 

an exceptionally high concentration of active fluoride ions, consistently measured at approximately forty-

four thousand eight hundred parts per million, alongside an active silver ion concentration of approximately 

two hundred and fifty-five thousand parts per million. Long-term stability evaluations indicate that when 

stored in optimal opaque high-density polyethylene containers at room temperature, the concentration of 

free fluoride and silver ions remains stable over extended periods, with minimal significant degradation 

over twenty-four months. However, when exposed to direct ambient light or elevated temperatures, a 

measurable reduction in the active silver concentration occurs, accompanied by the visible deposition of 

micro-fine silver oxide particles along the internal walls of the container, slightly reducing the immediate 

bioavailability of silver ions during clinical application. 

Structural characterization of the chemical reactions between SDF and human hydroxyapatite under 

remineralization conditions demonstrates a rapid, dual-phase crystal precipitation cascade. Upon initial 

contact with demineralized tooth structure, the volatile ammonia molecules rapidly evaporate, 

destabilizing the silver diamine complex and liberating free silver and fluoride ions. High-resolution X-ray 

diffraction and energy-dispersive X-ray spectroscopy data describe the immediate formation of two 

primary crystalline precipitates on the surface of the dentin matrix: silver chloride and calcium fluoride. 

The silver chloride forms as a highly insoluble, fine-grained microcrystalline layer due to the abundant 

presence of chloride ions within the residual dentinal fluid and plaque biofilm. Concurrently, the fluoride 

ions react directly with the exposed calcium ions of the partially dissolved hydroxyapatite lattice, generating 

a dense surface layer of calcium fluoride. 
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Over a subsequent observational window under physiological remineralization conditions, this calcium 

fluoride layer functions as a temporary mineral reservoir. The high concentration of available fluoride 

facilitates a slow, secondary substitution reaction within the surrounding damaged crystal lattice, replacing 

the native hydroxyl groups to synthesize a highly consolidated layer of fluorohydroxyapatite. This newly 

synthesized mineral phase demonstrates a significantly reduced acid solubility compared to native 

hydroxyapatite, lowering the critical pH threshold required for structural dissolution from five point five 

down to four point five, thereby protecting the tooth structure against subsequent acid challenges. 

The physical penetration and spatial distribution of silver and fluoride compounds within carious lesions of 

deciduous teeth treated with SDF show a deep, matrix-dependent migration profile. Scanning electron 

microscopy and micro-CT structural characterizations demonstrate that silver ions do not remain confined 

to the immediate superficial surface of the carious lesion. Instead, they migrate deeply into the porous, 

demineralized dentin matrix, frequently achieving tracking distances ranging between two hundred and 

five hundred micrometers from the initial application front. The silver precipitates are observed inside the 

patent lumens of the dentin tubules, forming dense, microscopic crystalline plugs that completely occlude 

the tubular space. 

In contrast, within healthy, non-demineralized sound dentin structures, the penetration depth of silver 

compounds is significantly restricted, rarely exceeding a distance of twenty to fifty micrometers. This 

limited migration in sound tissue is due to the high mineral density of the intact peritubular dentin and the 

active, outward positive hydrodynamic pressure of the vital dentinal fluid, which collectively act as a 

physical shield against rapid ion diffusion. 

The biochemical evaluation of SDF's inhibitory effects on tissue-degrading enzymes reveals a profound, 

concentration-dependent suppression of host-derived matrix metalloproteinases and cathepsins. In an 

active carious lesion, the gradual degradation of the organic dentin matrix is largely driven by the activation 

of native MMP-2, MMP-8, and MMP-9, alongside cysteine cathepsins, which are liberated from the tooth 

structure during bacterial acid challenges. Comparative colorimetric and zymographic assays demonstrate 

that the application of 38% SDF results in the near-total inactivation of these matrix-bound proteolytic 

enzymes. The silver ions display a high affinity for the functional sulfhydryl groups and catalytic domains 

of the MMP proteins, inducing permanent structural denaturation of the enzyme configuration. 

Parallel testing of standard sodium fluoride varnishes displays a measurable but significantly less 

permanent inhibitory effect on matrix degradation, operating primarily through a reversible ionic 

saturation mechanism. This confirms that the silver fraction within the SDF formulation provides a unique, 

highly durable protective effect for the structural preservation of the organic dentin collagen framework, 

preventing its subsequent enzymatic breakdown and maintaining the spatial template required for 

biomimetic remineralization. 

The microbiological kinetics of SDF demonstrate broad-spectrum antimicrobial activity against complex, 

multi-species cariogenic biofilms. Quantified cellular viability assays and high-throughput genetic 

sequencing show that within twenty-four hours of a single topical application of 38% SDF, the populations 

of primary cariogenic bacteria, including Streptococcus mutans and Lactobacillus acidophilus, experience a 

rapid decline in total cell counts, frequently exceeding a four-log reduction within the superficial layers of 

the biofilm. Confocal laser scanning microscopy confirms extensive structural disruption of the bacterial 

cell envelopes, accompanied by a near-complete arrest of intracellular ATP synthesis and a total block of 

the phosphotransferase system responsible for bacterial carbohydrate metabolism and subsequent lactic 

acid production. 

Furthermore, the data validate the long-term persistence of the zombie effect, demonstrating that the 

biological remains of silver-killed bacterial cells continue to slowly release active silver ions into the 

surrounding extracellular matrix, which systematically eliminates emerging secondary bacterial colonies 

that attempt to recolonize the treated carious lesion over an extended timeline. 

Histological and pathological evaluations of the dental pulp-dentin complex following the application of SDF 

show a highly diverse tissue response that is strictly dependent on the remaining dentin thickness and the 
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macrostructural integrity of the pulpal floor. Ex vivo human histological analyses of primary teeth and in 

vivo rat molar models subjected to indirect pulp capping with dilute silver diamine fluoride formulations 

(such as a 1:10 dilution) or standard 38% solutions demonstrate that when a protective dentin barrier of 

greater than or equal to zero point five millimeters is preserved, the vital pulpal tissue remains completely 

free of irreversible pathosis. Microscopic examinations over a six-month post-operative period show a 

complete absence of severe polymorphonuclear leukocyte infiltration, zero evidence of widespread 

coagulation necrosis, and no significant vascular congestion within the central coronal pulp chamber. 

Instead, the mild chemical irritation delivered by the diffusing ions stimulates a healthy, localized cellular 

repair cascade, characterized by the organization of differentiated odontoblast-like cells that actively 

deposit a dense layer of tertiary reactionary dentin along the internal walls of the pulp chamber, thereby 

thickening the biological insulation between the pulp and the external environment. 

However, in extreme clinical scenarios where SDF is applied directly onto macroscopically exposed pulpal 

tissues or inside deep carious cavities with a remaining dentin thickness approaching zero, the histological 

outcomes change dramatically. Animal models evaluating direct pulp capping with standard 38% SDF 

demonstrate a rapid development of severe, irreversible pulpal inflammation and localized chemical 

necrosis within twenty-four to forty-eight hours post-application. The highly concentrated silver and 

fluoride ions cause immediate denaturation of the exposed cellular membranes, creating a prominent zone 

of coagulative necrosis that extends deeply into the radicular pulp tissue. 

While some limited reparative attempts are occasionally observed at the distant peripheral borders of the 

necrotic zone in long-term six-month specimens, the central core of the pulp frequently transitions into a 

chronic inflammatory state or total tissue autolysis. This structural breakdown contrasts sharply with the 

control groups treated with traditional calcium hydroxide or high fluoride-releasing glass ionomer cements, 

which consistently display the formation of a distinct, uniform mineralized dentin bridge over the exposure 

site with minimal collateral tissue destruction, thereby establishing a clear biological limit for safe SDF 

application. 

The clinical findings from longitudinal field trials and randomized controlled investigations demonstrate 

high rates of caries arrest following the implementation of topical 38% SDF therapy. In extensive six-month 

and twelve-month field trials involving preschool children with severe early childhood caries, the topical 

application of 38% SDF achieved a tactilely verified caries arrest rate ranging between seventy-five and 

eighty-five percent, transforming soft, actively decaying carious dentin into highly consolidated, hardened 

black surfaces. When evaluating the clinical efficacy of combining SDF with a secondary layer of sodium 

fluoride varnish versus the application of SDF alone, the data indicate a statistically significant increase in 

the speed and long-term durability of the caries arrest front for the combination protocol. 

The secondary sodium fluoride varnish functions as a temporary protective membrane, preventing the 

immediate wash-out of the highly soluble silver and calcium fluoride precipitates by saliva and dietary fluids 

during the initial post-operative window, thereby maximizing the depth and concentration of the 

biomimetic remineralization process. 

The investigation into the impact of post-operative instructions on the clinical success of SDF therapy 

reveals specific operational requirements regarding patient management. Randomized clinical trials 

designed to compare caries arrest rates using different post-operative guidelines show that instructing 

patients to completely avoid rinsing, drinking, or eating for a minimum duration of thirty minutes 

immediately following treatment yields a measurable increase in long-term caries arrest efficiency 

compared to cohorts permitted to rinse immediately. This requirement reflects the physical chemistry of 

the material-tooth interface, as the initial chemical reactions and intratubular crystallization processes 

require a localized period of undisturbed contact to achieve sufficient structural depth and stability. 

Furthermore, clinical trials evaluating the management of highly hypersensitive carious lesions in primary 

teeth show that SDF therapy provides an immediate and profound reduction in pain and thermal sensitivity, 

completely outperforming standard low-concentration fluoride gels and matching the immediate clinical 
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efficiency of specialized desensitizing agents by establishing deep mechanical occlusion of the patent dentin 

tubules. 

Societal acceptance and behavioral satisfaction metrics derived from parental questionnaires reveal a 

complex interaction between clinical utility and aesthetic preferences. Non-randomized clinical trials and 

community cross-sectional evaluations indicate that parental acceptance of the characteristic dark black 

discoloration induced by SDF is heavily modulated by the specific anatomical location of the treated tooth. 

When applied to posterior primary molars, parental acceptance rates are consistently high, ranging 

between eighty-five and ninety-five percent, with the majority of parents expressing deep satisfaction 

regarding the non-invasive nature of the procedure, the complete avoidance of local anesthesia, and the 

elimination of advanced behavior management techniques such as general anesthesia. 

However, when applied to anterior primary incisors, parental acceptance drops significantly, falling to 

between thirty and fifty percent due to strong psychosocial concerns regarding childhood cosmetic 

appearance and perceived social stigma. To manage this aesthetic challenge, clinical trials evaluating the 

simultaneous application of potassium iodide immediately following SDF demonstrate a significant 

reduction in immediate metallic staining, creating a clear silver iodide precipitate that preserves an 

aesthetically acceptable appearance during the initial post-operative phase, although long-term follow-up 

evaluations indicate a gradual, mild gray darkening of the dentin matrix over an extended six-month 

timeline. 

DISCUSSION 

The findings of this comprehensive investigation underscore the multi-faceted chemical, microbiological, 

and histological performance of 38% silver diamine fluoride as a potent chemotherapeutic agent in 

contemporary operative dentistry. The exceptional capacity of this single agent to arrest active dental caries 

resides in its ability to simultaneously address both the mineral dissolution and the organic degradation 

pathways that characterize the pathogenesis of dental decay. By deploying an extremely high concentration 

of active fluoride alongside broad-spectrum biocidal silver ions, SDF fundamentally changes the 

biochemical kinetics at the lesion front, moving the local environment from a state of continuous mineral 

loss to a state of sustained biomimetic remineralization. 

The chemical dynamics of the material-tooth interface highlight the importance of the high concentration 

and alkaline pH of standard 38% SDF formulations. The baseline pH, operating between 9.5 and 11.0, is not 

merely an artifact of chemical manufacturing; it is a critical requirement that keeps the silver diamine 

complex stable and prevents premature silver precipitation (Crystal et al., 2019; Patel et al., 2021). When 

the solution contacts demineralized dentin, the evaporation of ammonia allows for a rapid double-

decomposition reaction with the remaining calcium hydroxyapatite lattice. The resulting precipitation of 

silver chloride and calcium fluoride acts as an immediate physical plug within the porous carious matrix, 

forming a dense barrier that restricts the diffusion of dietary carbohydrates into the deeper layers of the 

tooth (Yan et al., 2022; Kaur et al., 2024). 

Crucially, the long-term conversion of this temporary calcium fluoride reservoir into a permanent layer of 

fluorohydroxyapatite significantly alters the thermodynamic stability of the tooth structure (Mei et al., 

2017). By lowering the critical pH threshold from 5.5 down to 4.5, the newly synthesized 

fluorohydroxyapatite crystals can withstand severe acid challenges generated by residual biofilm activity, 

creating a durable defense against subsequent demineralization cycles. 

Simultaneously, the results confirm that the silver ion fraction provides an exhaustive, multi-targeted 

antimicrobial assault that effectively eliminates or modulates pathogenic biofilms within the carious lesion. 

Unlike conventional, single-target antibiotics that often face emerging bacterial resistance, the silver ions 

within SDF attack multiple cellular structures simultaneously (Peng, Botelho, and Matinlinna, 2012). By 

binding to cell wall proteins, disrupting transmembrane proton gradients, denaturing glycolytic enzymes, 

and condensing bacterial DNA, silver ions induce broad-spectrum bacterial eradication (Shah et al., 2014; 

Karched, Ali, and Ngo, 2019). 
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The confirmation of the long-term "zombie effect" adds a significant therapeutic dimension, as the slow, 

continuous release of active silver ions from dead bacterial corpses provides a sustained biocidal reservoir 

that prevents secondary bacterial recolonization over an extended timeline (Ammar et al., 2022). This 

sustained antimicrobial activity is particularly valuable in the deep, microstructural recesses of an 

unexcavated cavity, where manual instruments cannot safely reach without risking mechanical exposure of 

the pulp. 

Beyond its direct mineralizing and antimicrobial performance, the capacity of SDF to protect the organic 

matrix of the dentin represents a significant mechanism that sets it apart from standard topical fluoride 

varnishes. In an active carious lesion, the destruction of the tooth structure is a two-step process: bacterial 

acids first dissolve the inorganic mineral crystals, exposing the underlying Type I collagen framework, 

which is subsequently digested by host-derived proteolytic enzymes such as matrix metalloproteinases 

(MMPs) and cysteine cathepsins (Chaussain-Miller et al., 2006). The data analyzed in this study demonstrate 

that silver diamine fluoride exerts a profound, permanent inhibitory effect on these destructive matrix-

bound enzymes (Mei et al., 2012). 

By denaturing the catalytic domains of MMP-2, MMP-8, and MMP-9, the silver ions prevent the enzymatic 

cleavage of the exposed collagen strands (Altinci et al., 2016). This preservation of the organic collagen 

architecture is an essential prerequisite for true biomimetic remineralization, as the preserved collagen 

fibers serve as the mandatory structural template for the epitaxical deposition and growth of newly formed 

fluorohydroxyapatite crystals, restoring mechanical hardness to the carious dentin. 

From a structural and clinical perspective, the deep migration profile of silver ions through the patent dentin 

tubules provides a sound scientific explanation for the material's success in mitigating severe dentin 

hypersensitivity. By driving deep into the tubular lumens and reacting with dentinal fluid to form solid 

crystalline plugs of silver chloride and calcium fluoride, SDF effectively eliminates intratubular fluid 

movement (Li et al., 2019). This mechanical closure directly satisfies the hydrodynamic theory of dentin 

sensitivity, blocking external thermal, osmotic, or mechanical stimuli from reaching the subodontoblastic 

nerve plexus, thereby providing immediate clinical relief from hypersensitivity in carious primary teeth 

(Pashley, 1990; Abudrya et al., 2023). 

The long-standing clinical controversy regarding the biocompatibility of SDF with the vital dental pulp is 

clarified by the histological results synthesized in this research. The data demonstrate a clear biological 

boundary for the safe clinical application of the material, dictated by the remaining dentin thickness. When 

used as an indirect pulp capping agent in deep carious lesions where a minimal dentin barrier is preserved, 

SDF is highly biocompatible, inducing no irreversible inflammatory changes, vascular necrosis, or cellular 

autolysis within the pulp chamber (Rossi et al., 2017; Bimstein and Damm, 2018). The immediate formation 

of intratubular precipitates acts as a self-limiting shield that locks the solution within the superficial dentin, 

preventing excess ion concentrations from reaching the delicate pulpal capillaries (Shafi et al., 2022). The 

subsequent formation of a dense layer of tertiary reactionary dentin confirms that the mild chemical 

irritation functions as a therapeutic stimulus, encouraging the pulp-dentin complex to actively strengthen 

its own mineralized defenses (Korwar et al., 2015). 

However, the severe chemical necrosis and chronic inflammatory cell infiltration observed when SDF is 

applied directly onto macroscopically exposed pulpal tissues establish an absolute clinical contraindication 

(Hosoya, Aritomi, and Goto, 1990; Kim et al., 2021). Without a protective dentin barrier to buffer the 

solution and facilitate self-limiting precipitation, the highly concentrated, alkaline silver ions denature the 

delicate pulpal tissue membranes, leading to total pulp autolysis or irreversible pathosis. Therefore, pre-

operative diagnostic protocols-including thorough radiographic screening to rule out periapical 

radiolucencies and a precise clinical assessment of history of spontaneous, nocturnal pain-remain 

mandatory to exclude teeth with irreversible pulpitis or exposed pulp systems from receiving direct SDF 

applications (Anani et al., 2023). 

    [Pre-Operative Clinical & Radiographic Assessment] 

                           │ 
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            ┌──────────────┴──────────────┐ 

            ▼                             ▼ 

  [Intact Dentin Barrier]       [Macroscopic Pulp Exposure / 

   (Remaining Thickness)          Irreversible Pulpitis] 

            │                             │ 

            ▼                             ▼ 

   [SDF Safely Indicated]        [SDF CONTRAINDICATED] 

  - Self-limiting precipitation - Severe chemical necrosis 

  - Tertiary dentinogenesis     - Chronic pulpal autolysis 

  - Secure caries arrest        - Requires endodontic/surgical care 

The clinical performance data reviewed in this study highlight the practical parameters required to optimize 

the speed and long-term durability of caries arrest in field settings. The significant increase in caries arrest 

success observed when combining 38% SDF with a secondary application of sodium fluoride varnish 

highlights an important synergistic mechanism (Abdellatif, El Kashlan, and El Tantawi, 2023). Because the 

primary crystalline precipitates generated by SDF-particularly calcium fluoride-are initially vulnerable to 

salivary wash-out, the secondary sodium fluoride varnish serves as a physical protective membrane. This 

temporary seal traps the active ions against the tooth structure during the critical initial post-operative 

phase, maximizing the depth and consolidation of the remineralization process. 

This finding aligns with the observation that post-operative instructions demanding a minimum thirty-

minute window of no rinsing or eating yield superior long-term caries arrest rates compared to immediate 

rinsing protocols (Sun et al., 2024). Clinicians must therefore enforce these behavioral guidelines to ensure 

the material achieves its full therapeutic potential. 

The evaluation of societal and behavioral metrics underscores that while SDF is an exceptionally powerful 

public health tool, its real-world implementation is shaped by socio-cultural and cosmetic considerations. 

The profound drop in parental acceptance when SDF is applied to anterior primary teeth highlights the 

complex balance between clinical utility and aesthetic standards (Buldur and Taskaya, 2024). While parents 

highly value the non-invasive nature of the procedure, the complete avoidance of local anesthesia, and the 

reduction of treatment anxiety for their children, the prominent black staining of anterior teeth can induce 

significant concern regarding social stigma and cosmetic appearance (Chaurasiya and Gojanur, 2021). 

The use of immediate potassium iodide (KI) adjuncts to form a clear silver iodide precipitate represents an 

important step toward addressing this aesthetic compromise (Nguyen, 2017). However, the gradual long-

term darkening observed due to the inherent photo-instability of silver compounds means that clinicians 

must maintain transparent, detailed pre-operative communication. Comprehensive informed consent 

protocols that utilize visual aids to display the expected post-treatment black coloration are essential to 

align parental expectations with biological realities, ensuring high long-term satisfaction and adherence to 

multi-session treatment plans. 

From an epidemiological and health economics perspective, the standardization of SDF protocols carries 

profound implications for public insurance frameworks and underserved populations, such as those 

managed within Medicaid frameworks. In high-risk cohorts where the prevalence of untreated early 

childhood caries is high and access to traditional restorative dental care is restricted by socioeconomic 

barriers, the traditional surgical model of care often fails to keep pace with disease progression. Deploying 

a highly efficient, cost-effective, and technically accessible chemotherapeutic intervention allows public 

health programs to rapidly stabilize disease activity across large populations (Sihra et al., 2020). 
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Because the procedure can be performed efficiently without specialized, high-cost dental operatory 

equipment, it can be integrated into community centers, schools, and mobile clinics, shifting the public 

health paradigm from an expensive, reactive management model to a proactive, scalable, and equitable 

framework of oral healthcare delivery (Sowjanya Gunukula et al., 2025). 

Despite these clear strengths, this comprehensive review recognizes specific limitations within the current 

literature base that point toward essential pathways for future research. While short-term and medium-

term clinical trials have fully documented the high efficacy of SDF in arresting coronal and root caries, there 

remains a lack of long-term, multi-decade longitudinal data tracking the permanence of arrested lesions as 

patients transition across different stages of life. The precise impact of regular, long-term silver ion 

application on the overall equilibrium of the oral microbiome also requires ongoing exploration using 

advanced, high-throughput metagenomic sequencing. This will ensure that widespread clinical deployment 

does not inadvertently disrupt microbial homeostasis or encourage the emergence of rare, resistant strains. 

Additionally, future material science research should prioritize the development of advanced silver-based 

formulations or stabilization complexes that maintain the high antimicrobial and remineralizing efficacy of 

the 38% concentration while eliminating or significantly reducing the characteristic cosmetic discoloration, 

completely removing the primary barrier to universal clinical and parental acceptance. 

CONCLUSION 

Thirty-eight percent silver diamine fluoride represents an exceptionally effective, scientifically validated 

paradigm shift in modern restorative dentistry and public health cariology. By combining a potent, multi-

targeted antimicrobial assault with an extensive biomimetic remineralization cascade, SDF successfully 

addresses both the microbiological etiology and the structural mineral-organic degradation pathways of 

dental caries. Its capacity to synthesis acid-resistant fluorohydroxyapatite, cross-link and preserve the 

underlying dentin collagen matrix through the inactivation of host-derived proteolytic enzymes, and 

mechanically occlude exposed dentin tubules provides a comprehensive, non-invasive method for achieving 

stable caries arrest and rapid desensitization. 

Histological evidence confirms that when utilized with a proper understanding of the remaining dentin 

thickness and in the absence of direct pulp exposure, the material is highly biocompatible with the vital 

pulp-dentin complex, stimulating positive reparative dentinogenesis without inducing irreversible 

pathosis. Furthermore, its outstanding scalability, simplicity, and cost-effectiveness render it a vital tool for 

narrowing oral health inequities within underserved communities and public health frameworks. 

While clinical success requires careful attention to post-operative protocols, secondary varnish 

stabilization, and clear communication regarding cosmetic silver discoloration, the integration of silver 

diamine fluoride into contemporary dental medicine provides a scientifically sound framework that 

advances the transition toward a more compassionate, evidence-based, and universally accessible model of 

oral healthcare delivery. 
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