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ABSTRACT 
Dental caries remains one of the most prevalent chronic diseases globally. In deep carious lesions approaching the pulp, 
the primary treatment objective is to preserve pulp vitality while arresting disease progression. Traditional complete caries 
removal frequently resulted in iatrogenic pulp exposure necessitating endodontic intervention. Contemporary 
understanding of caries as a biofilm-mediated, ecologically driven disease has fundamentally shifted management toward 
minimally invasive, biologically based strategies. 
This narrative review synthesizes current evidence on the diagnosis and management of deep carious lesions. Selective 
caries removal and indirect pulp capping are supported as effective approaches that substantially reduce the risk of pulp 
exposure. Direct pulp capping and pulpotomy also yield favorable outcomes in appropriately selected cases. Bioactive 
calcium silicate materials, including mineral trioxide aggregate (MTA) and Biodentine, have markedly improved 
treatment predictability by stimulating reparative dentin formation and promoting pulpal healing. 
Emerging regenerative strategies, including stem cell-based therapies and scaffold biomaterials, demonstrate considerable 
promise for pulp-dentin complex regeneration. Minimally invasive approaches are now recognized as the standard of care 
for preserving pulp vitality and optimizing long-term tooth survival. 
 
Keywords: bioactive materials; deep carious lesions; minimally invasive dentistry; pulpotomy; selective caries removal; 
vital pulp therapy 
How to cite this article: Baruah D, Parinitha MS, Sowmya HK. Contemporary Concepts in the Management of Deep 
Carious Lesions: A Narrative Review. Int J Drug Deliv Technol. 2026;16(42s): 399-405. DOI: 10.25258/ijddt.16.42s.42  
 
1. INTRODUCTION 
Dental caries is a biofilm-mediated, sugar-driven, 
multifactorial disease characterized by dynamic cycles 
of demineralization and remineralization.1,6 Despite 
significant advances in preventive dentistry, it remains 
among the most prevalent chronic conditions 
worldwide, affecting individuals across all age groups; 
untreated caries in permanent teeth represents the single 
most common health condition globally.1 The biological 
characteristics of the dentin-pulp complex differ 
markedly among primary, immature, and mature 
permanent teeth, influencing both treatment decision-
making and clinical outcomes. 
Historically, management emphasized complete 
removal of all carious dentin; however, advances in 
caries biology have redirected practice toward more 
conservative interventions.2,3 Caries is now 
conceptualized as a chronic non-communicable disease 
driven by ecological dysbiosis within the dental 
biofilm,11 a paradigm shift that has promoted minimally 
invasive strategies aimed at preserving tooth structure 
and maintaining pulp vitality. 
The dentin-pulp complex functions as an integrated 
biological unit capable of active defense and repair 
through mechanisms including dentinal tubular 
sclerosis, inflammatory modulation, and tertiary dentin 

formation.12,15 The viability of these protective 
responses is fundamental to the success of conservative 
treatment. Management of deep carious lesions 
therefore requires careful calibration between the extent 
of infected dentin removal and preservation of affected 
dentin to prevent pulp exposure. Contemporary 
approaches emphasize selective caries removal, vital 
pulp therapy, and the application of bioactive materials 
to facilitate tissue repair.2,4,13,28 
This narrative review summarizes the biological basis, 
diagnostic considerations, and current minimally 
invasive management strategies for deep carious 
lesions, with particular attention to clinical decision-
making, material selection, and emerging therapeutic 
directions. 
 
2. LITERATURE SEARCH STRATEGY 
The literature for this narrative review was identified 
through electronic database searches of PubMed, 
Scopus, ScienceDirect, and Google Scholar. Keywords 
included “deep caries”, “selective caries removal”, 
“vital pulp therapy”, “pulpotomy”, and “bioactive 
materials”. Articles published in English were included, 
with emphasis on systematic reviews, randomized 
clinical trials, and recent advances in minimally 
invasive caries management. 
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3. TRADITIONAL VERSUS CONTEMPORARY 
APPROACHES 
Traditional management of deep carious lesions 
involved complete excavation of infected dentin to 
eliminate bacterial contamination and prevent disease 
progression. This approach required extensive cavity 
preparation and substantially increased the risk of pulp 
exposure, particularly in deep lesions, frequently 
necessitating endodontic therapy even when pulpal 
healing potential remained intact.2,3 
Contemporary strategies favor minimally invasive, 
biologically driven approaches that prioritize dentin-
pulp preservation. Improved mechanistic understanding 
of caries as a biofilm-mediated disease has supported 
the adoption of selective caries removal and vital pulp 
therapy.2,4 These techniques focus on preserving 
affected dentin, maintaining pulpal vitality, and 
utilizing bioactive materials to facilitate repair and 
regeneration. 
Robust evidence now supports conservative treatments, 
including indirect pulp capping, direct pulp capping, 
and pulpotomy, as clinically effective options when 
appropriate case selection, adequate isolation, and 
proper coronal sealing are achieved.18,20,21,34 
Collectively, these strategies reflect a fundamental 
paradigm shift toward biologically based caries 
management, with the overarching goals of preserving 
tooth structure and ensuring long-term pulpal health. 
 
4. ETIOLOGY AND PATHOGENESIS OF DEEP 
CARIOUS LESIONS 
Dental caries arises from the complex interaction of 
cariogenic microorganisms, dietary fermentable 
carbohydrates, host susceptibility factors, and sufficient 
time.1,6 Acidogenic bacteria, principally Streptococcus 
mutans and Lactobacillus species, metabolize dietary 
sugars and produce organic acids that initiate and 
propagate demineralization of enamel and dentin.11 
Prolonged or frequent sugar exposure maintains an 
acidic environment within the biofilm, promoting a 
dysbiotic shift toward acid-tolerant microbial 
communities, consistent with the ecological plaque 
hypothesis.11 As caries advances into dentin, bacterial 
toxins diffuse along dentinal tubules toward the pulp. In 
response, the pulp activates protective mechanisms, 
including tubular sclerosis, localized inflammatory 
responses, and tertiary dentin deposition, which 
collectively reduce permeability and limit bacterial 
penetration.15 
The rate of lesion progression is a critical determinant 
of pulpal outcome: slowly progressive lesions allow 
compensatory dentin deposition, whereas rapidly 
advancing lesions may overwhelm host defenses and 
precipitate irreversible pulpal inflammation or necrosis. 

 
5. HISTOPATHOLOGY OF CARIOUS DENTIN 
Detailed understanding of carious dentin histology is 
essential for guiding conservative excavation protocols. 
Two distinct zones are recognized: infected dentin and 
affected dentin.3,6 
Infected dentin constitutes the outermost layer and is 
characterized by dense bacterial colonization, 
irreversibly denatured collagen, and destruction of both 
organic and inorganic components. Being soft, necrotic, 
and incapable of remineralization, infected dentin must 
be completely removed during caries management.6 
Affected dentin lies deeper within the lesion and is only 
partially demineralized, retaining an intact collagen 
matrix with minimal bacterial infiltration. Crucially, 
affected dentin retains the capacity for remineralization 
when adequately sealed beneath a well-adapted 
restoration.3 
Preservation of affected dentin serves as a biological 
buffer protecting the pulp, forming the scientific basis 
of selective caries removal and contemporary minimally 
invasive dentistry.2,18 
 
6. DIAGNOSTIC ASSESSMENT OF DEEP 
CARIOUS LESIONS 
Accurate preoperative diagnosis is essential for 
appropriate treatment selection and involves the 
integration of clinical examination, radiographic 
evaluation, and pulp sensibility testing.7,15 
Clinical symptomatology provides important indicators 
of pulpal status. Short, sharp pain elicited by cold or 
sweet stimuli typically suggests reversible pulpitis, 
whereas spontaneous, lingering, or throbbing pain is 
indicative of irreversible pulpal inflammation.7 
Radiographic examination estimates lesion depth and 
proximity to the pulp, although conventional 
radiographs may underestimate actual lesion extent.15 A 
remaining dentin thickness exceeding 2 mm is generally 
considered protective, whereas reduced thickness is 
associated with increased dentin permeability and 
enhanced toxin diffusion.15 
Pulp vitality testing, encompassing thermal and electric 
stimulation, assesses the neural response of the pulp and 
provides adjunctive information for evaluating pulpal 
health when interpreted in conjunction with clinical 
findings. 
Advances in diagnostic technology, including artificial 
intelligence (AI)-assisted radiographic analysis, cone 
beam computed tomography (CBCT), and intraoral 
scanning, are increasingly being explored to enhance 
caries detection accuracy, improve lesion 
characterization, and support evidence-based treatment 
planning and disease monitoring.39,40 

 
Table 1. Clinical Decision-Making Guidelines for the Management of Deep Carious Lesions 
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Clinical Situation Pulp Status Recommended Treatment Key Considerations 

Deep caries without pulp 
exposure 

Normal pulp / 
reversible pulpitis 

Selective caries removal + 
indirect pulp capping 

Maintain affected dentin over 
pulp; ensure adequate coronal 
seal 

Small mechanical or carious 
exposure 

Vital pulp with 
minimal 
inflammation 

Direct pulp capping Achieve hemostasis; use 
bioactive materials 
(MTA/Biodentine) 

Inflamed coronal pulp with 
vital radicular pulp 

Reversible or early 
irreversible pulpitis 

Partial pulpotomy / 
pulpotomy 

Preserve radicular pulp vitality 

Extensive pulpal 
inflammation or necrosis 

Irreversible pulpitis 
/ necrosis 

Root canal therapy Vital pulp therapy not 
indicated 

Immature permanent teeth Vital pulp Pulpotomy preferred Supports apexogenesis and 
continued root development 

 
7. CONTEMPORARY MANAGEMENT 
STRATEGIES 
7.1 Non-Selective Caries Removal 
Non-selective (complete) caries removal involves 
excavation of all carious dentin until hard dentin is 
achieved at all cavity walls. While historically 
advocated to eliminate bacterial contamination, this 
approach carries a significantly elevated risk of pulp 
exposure and postoperative pulpal complications in 
deep lesions. Contemporary evidence does not support 
routine complete excavation in proximity to the pulp; 
minimally invasive techniques that preserve affected 
dentin and protect pulpal tissues are now strongly 
favored.2,3 

 
7.2 Stepwise Caries Removal 
Stepwise caries removal is a two-visit excavation 
protocol specifically designed to reduce the risk of pulp 
exposure in extremely deep lesions. During the initial 
appointment, partial removal of infected dentin is 
performed and the cavity is temporarily sealed. After an 
interval of several months, the tooth is re-entered and 
residual caries are removed prior to definitive 
restoration. 
This staged approach allows tertiary dentin deposition 
and reduction of bacterial metabolic activity, increasing 
the distance between the advancing lesion front and the 
pulp. Although effective at preserving pulpal vitality, 
stepwise excavation requires multiple clinical visits and 
carries risks of interim restoration failure and patient 
non-compliance. Consequently, single-visit selective 
caries removal is now preferred in most appropriate 
clinical scenarios.3,18 

 
7.3 Selective Caries Removal 
Selective caries removal represents the current gold 
standard for minimally invasive management of deep 
carious lesions. Infected dentin is removed from the 
peripheral cavity walls to facilitate proper restoration 
sealing, while a layer of affected dentin is deliberately 
preserved over the pulp to minimize the risk of 
iatrogenic exposure.2,18 

The biological rationale underpinning this approach is 
that caries progression is nutrient-dependent; when 
residual dentin is sealed beneath a well-adapted 
restoration, substrate availability to cariogenic bacteria 
is eliminated, arresting lesion progression. Long-term 
clinical evidence demonstrates that selective caries 
removal substantially reduces pulp exposure rates while 
maintaining pulpal vitality and supporting 
remineralization of preserved affected dentin.18,33,35 

 
7.4 Indirect Pulp Capping 
Indirect pulp capping is indicated in deep carious 
lesions without frank pulp exposure, where a 
biocompatible material is placed over residual dentin to 
protect the pulp and stimulate reparative dentin 
formation.3,8 The technique is primarily employed in 
teeth exhibiting reversible pulpitis where preservation 
of pulp vitality is the treatment objective. 
Clinical success relies on adequate sealing of residual 
carious dentin, which attenuates bacterial metabolic 
activity and promotes tertiary dentin deposition, thereby 
reinforcing pulpal protection.23 Published success rates 
of 85-95% have been reported when proper case 
selection, peripheral caries removal, and an adequate 
coronal seal are achieved.3 Outcomes tend to be more 
favorable in pediatric and immature permanent teeth, 
reflecting their greater regenerative capacity.37 

 
7.5 Direct Pulp Capping 
Direct pulp capping involves the application of a 
biocompatible material directly over a small pulp 
exposure in a tooth with a vital pulp, with the objective 
of stimulating pulpal healing and promoting dentin 
bridge formation. Treatment success is predicated on 
appropriate case selection, effective hemorrhage 
control, and use of bioactive capping materials.8,22 
The procedure is indicated for small mechanical or 
carious exposures accompanied by minimal 
inflammatory response.9 Calcium silicate-based 
materials, particularly MTA and Biodentine, have 
largely supplanted calcium hydroxide as the materials 
of choice due to their superior sealing ability, 
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biocompatibility, and more predictable clinical 
outcomes.13,14 
Clinical studies report success rates of approximately 
70-90%, with the most favorable outcomes associated 
with the use of bioactive materials, cases presenting 
with reversible pulpitis, and immature teeth with 
enhanced regenerative capacity.8,22,36,37,38 

 
7.6 Pulpotomy 
Pulpotomy entails removal of the inflamed coronal pulp 
tissue while preserving the vitality of the radicular pulp. 
Traditionally reserved for immature permanent teeth, 
accumulating evidence now supports its application in 
mature permanent teeth and in selected cases of 
irreversible pulpitis where inflammation is confined to 
the coronal compartment.4,5 
Studies demonstrate that pulpotomy using bioactive 
calcium silicate materials can achieve success rates 

comparable to root canal therapy in appropriately 
selected cases, with reported outcomes of 85-95% when 
MTA or Biodentine are employed.17,19,21,36 Pulpotomy is 
of particular importance in immature teeth, where 
maintenance of radicular pulp vitality is essential for 
apexogenesis and continued root maturation.37,38 In 
mature teeth, it is increasingly recognized as a clinically 
viable, conservative alternative to conventional root 
canal treatment. 
Treatment success depends on accurate pulpal 
diagnosis, meticulous aseptic technique, and the use of 
biocompatible materials with established capacity to 
promote healing and dentin bridge formation.16,30,32 
Current evidence supports pulpotomy as a minimally 
invasive, biologically based treatment strategy for deep 
carious lesions exhibiting reversible or early irreversible 
pulpitis.4,27,34 

 
Table 2. Recommended Follow-Up and Monitoring Protocol After Vital Pulp Therapy 

Time After 
Treatment 

Clinical Evaluation Radiographic Evaluation Expected Findings 

3–6 months Pain, sensitivity, mobility Periapical radiograph Absence of symptoms 

6–12 months Pulp vitality testing Radiographic review Tertiary dentin formation 

12 months Clinical + vitality testing Periapical radiograph Continued root development 
(immature teeth) 

Annual follow-up Routine examination Radiograph if clinically 
indicated 

Long-term pulp vitality 
maintenance 

 
8. BIOACTIVE MATERIALS IN VITAL PULP 
THERAPY 
Bioactive materials have significantly advanced the 
clinical predictability of vital pulp therapy by providing 
effective marginal sealing and actively stimulating 
dentin regeneration and pulpal healing.4,13 
Calcium hydroxide, previously the benchmark material 
for pulp capping, has well-recognized limitations 
including high solubility, inadequate marginal seal, and 
the formation of tunnel defects within dentin bridges.8,9 
These shortcomings have driven the transition toward 
calcium silicate-based materials. 
Calcium silicate materials, most notably MTA and 
Biodentine, are now the preferred agents for vital pulp 
therapy procedures. These materials demonstrate 
superior sealing properties, excellent biocompatibility, 
and intrinsic bioactivity, promoting odontoblastic 
differentiation, releasing calcium ions that stimulate 
mineralization, and generating an alkaline 
microenvironment conducive to reparative dentin 
formation.13,14,30 
Clinical studies consistently report high success rates 
exceeding 80-90% with these materials, establishing 
them as essential components of contemporary 
minimally invasive management of deep carious 
lesions.24,25,30 
 
9. ADJUNCTIVE TECHNOLOGIES IN VITAL 
PULP THERAPY 

Adjunctive technologies have been investigated as 
means of enhancing vital pulp therapy outcomes by 
improving microbial decontamination, hemostasis, and 
the biological environment for pulpal healing. Laser 
systems, including diode, Nd:YAG, and Er:YAG lasers, 
have demonstrated capacity to reduce bacterial 
contamination, facilitate bleeding control, and promote 
reparative dentin formation through 
photobiomodulation of pulp tissues.41,42,43 
Ozone therapy and photodynamic therapy have also 
been proposed as adjunctive approaches to reduce 
microbial burden in deep carious lesions prior to pulp 
capping or pulpotomy procedures. While these 
modalities offer theoretical biological advantages, 
heterogeneity in clinical protocols and the limited 
availability of long-term prospective data currently 
preclude routine incorporation into standard clinical 
practice. Standardized clinical guidelines for their 
application await further rigorous investigation.44,45 
 
10. EMERGING REGENERATIVE 
APPROACHES 
Recent advances in regenerative dentistry aspire to 
restore the structural integrity and functional capacity of 
the dentin-pulp complex, rather than merely replacing 
damaged tissues with inert substitutes. Key signaling 
molecules, including transforming growth factor-beta 
(TGF-β) and bone morphogenetic proteins (BMPs), 
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have been identified as central mediators of 
odontoblastic differentiation and dentinogenesis.12,24 
Dental pulp stem cells (DPSCs) exhibit considerable 
regenerative potential, with the capacity to differentiate 
into odontoblast-like cells and generate reparative 
dentin matrix. Preclinical and early clinical research has 
explored the use of stem cell-based therapies in 
combination with scaffold biomaterials and bioactive 
signaling molecules to regenerate pulp-like tissue 
within the root canal system.12 
Nanotechnology-based materials and bioactive peptides 
are also under active investigation for their capacity to 
enhance remineralization, impart antimicrobial activity, 
and support tissue repair at the nanoscale.10,29 
Although the results of these regenerative approaches 
are promising, the majority remain at experimental or 
early translational stages. Further long-term clinical 
evidence is required before these strategies can be 
incorporated into routine clinical practice. 
 
11. DISCUSSION 
Management of deep carious lesions has undergone a 
fundamental paradigm shift, moving from aggressive 
surgical excavation toward biologically informed 
strategies that prioritize pulp vitality preservation.2,4 
Contemporary evidence consistently supports selective 
caries removal and vital pulp therapy as clinically 
predictable approaches when appropriate case selection, 
effective isolation, and adequate coronal sealing are 
achieved.18,21,31,34 These strategies reflect a modern 
conceptualization of dental caries as a dynamic, 
modifiable disease process rather than a structural 
defect necessitating wholesale removal of affected 
tissues. 
Minimally invasive techniques offer several important 
clinical advantages over traditional management. 
Selective caries removal and vital pulp therapy conserve 
greater amounts of sound tooth structure, substantially 
reducing iatrogenic pulp exposure risk.2,18 Preservation 
of the dentin-pulp complex maintains the tooth's 
intrinsic defense mechanisms, including tertiary dentin 
formation and immunological responses to bacterial 
challenge. Furthermore, the application of bioactive 
calcium silicate materials actively promotes pulpal 
healing and reparative dentinogenesis, thereby 
improving treatment predictability and long-term 
outcomes.24,34 
Despite these advances, several clinically significant 
challenges persist. Accurate assessment of pulpal status 
remains difficult, as widely used vitality tests evaluate 
neural rather than vascular responses, potentially 
underestimating the degree of pulpal inflammation.7 
The success of minimally invasive procedures is also 
highly dependent on precise case selection, meticulous 
isolation technique, and the quality of the coronal 
seal.4,27 Variability in clinical protocols and the relative 
paucity of long-term evidence for newer technologies 
represent additional limitations affecting treatment 
predictability.31 
Treatment outcomes are further influenced by patient 
age and stage of tooth development, with generally 
higher success rates reported in primary and immature 

permanent teeth, reflecting their superior regenerative 
capacity. Calcium silicate-based materials have 
demonstrated favorable biological properties, including 
biocompatibility, antibacterial activity, and reliable 
induction of dentin bridge formation. Continued 
advances in biomaterials science and regenerative 
technology are anticipated to further refine outcomes 
and broaden the therapeutic options available for 
conservative management of deep carious lesions.24,25,30 
Continued research is required to refine diagnostic 
accuracy, standardize clinical treatment protocols, and 
better predict individual long-term treatment success. 
Future priorities should include improved diagnostic 
instrumentation, development of biomimetic capping 
materials, and rigorous clinical evaluation of 
regenerative therapies capable of restoring the structural 
and functional integrity of the pulp-dentin complex. 
 
 
12. FUTURE PERSPECTIVES 
Future research in the management of deep carious 
lesions will be shaped by advances across multiple 
domains. AI-assisted diagnostic systems and enhanced 
digital imaging technologies hold promise for 
improving the accuracy and objectivity of caries 
detection and pulpal assessment.39,40 Advances in 
molecular biology and biomaterials science may yield 
novel pulp-capping agents capable of facilitating 
controlled tissue regeneration and predictable reparative 
dentin formation.12,29 
Regenerative endodontic approaches harnessing dental 
pulp stem cells, bioengineered scaffold matrices, and 
specific growth factor delivery systems represent 
potentially transformative strategies for true pulp-dentin 
complex regeneration, targeting restoration of both 
structural architecture and biological function. 
Concurrently, innovations in bioactive restorative 
materials, nanotechnology-based antimicrobial agents, 
and optimized minimally invasive clinical protocols are 
expected to improve the long-term outcomes of vital 
pulp therapy procedures.24,25 These developments are 
poised to play an increasingly central role in the 
conservative management of deep carious lesions in the 
coming decade. 
 
13. CONCLUSIONS 
The management of deep carious lesions has evolved 
substantially, transitioning from aggressive excavation 
to minimally invasive, biologically driven strategies 
prioritizing dentin-pulp vitality. Selective caries 
removal, indirect pulp capping, direct pulp capping, and 
pulpotomy each demonstrate favorable clinical 
outcomes when supported by accurate diagnosis, 
appropriate case selection, and an effective coronal seal. 
Bioactive calcium silicate materials, principally MTA 
and Biodentine, have significantly enhanced treatment 
predictability through their capacity to promote pulpal 
healing and stimulate reparative dentin formation. 
Advances in diagnostic technologies, including AI-
assisted imaging and digital dentistry tools, further 
support early caries detection and evidence-based 
decision-making. 
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Ongoing investigation in biomaterials, regenerative 
endodontics, and minimally invasive clinical protocols 
is expected to yield continued improvements in 
treatment outcomes and further consolidate the role of 
conservative management as the evidence-based 
standard of care for deep carious lesions. 
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