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Abstract: Introduction: The paradigm of endodontic access cavity preparation has evolved significantly from traditional principles, 

which prioritized straight-line access at the expense of pericervical dentin (PCD). This critical zone is paramount for the biomechanical 

integrity of the tooth. This systematic review aims to synthesize the current literature on minimally invasive endodontic access (MIE) 

designs, evaluating their efficacy in preserving tooth structure and their impact on treatment outcomes. Methods: A narrative synthesis of 

the literature was conducted, reviewing key texts and contemporary research on endodontic access preparation. The focus was on studies 

and clinical reviews concerning PCD preservation, fracture resistance, and the application of modern armamentarium. Results: The 

review identifies the limitations of traditional access cavities, including excessive removal of PCD and the soffit, leading to an increased 

risk of fracture. Modern approaches, facilitated by dental microscopes, ultrasonic instruments, and specialized burs (e.g., EndoGuide, CK 

Burs), enable more conservative preparations. Techniques such as truss access, ninja access, caries-driven access, and digitally guided 

access are detailed, highlighting their role in strategic dentin conservation. The concepts of 3D ferrule and banking tooth structure via 

the soffit are emphasized as crucial for long-term success. Conclusion: Minimally invasive endodontics represents a clinically viable shift 

towards preserving tooth structure. By prioritizing the conservation of PCD and leveraging technological advancements, clinicians can 

enhance the fracture resistance and long-term prognosis of endodontically treated teeth. Further in-vivo studies are recommended to 

standardize protocols and solidify the evidence base for these techniques. 
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1. Introduction 
 

The primary objective of root canal treatment is the long-term 

retention of the natural tooth. The foundation of a successful 

treatment lies in the initial access cavity preparation, which 

must provide adequate exposure of canal orifices while 

respecting the tooth's structural integrity. Historically, guided 

by G.V. Black's principle of "extension for prevention," 

traditional access cavities (TAC) advocated for significant 

coronal flaring to achieve straight-line access, facilitating 

instrumentation and obturation (1-4). 

 

However, this approach necessitates the removal of dentin in 

the cervical region, an area now recognized as 

biomechanically critical. The pericervical dentin (PCD), 

defined as the dentin extending 4 mm coronal and apical to 

the alveolar bone crest, is fundamental in transferring occlusal 

loads to the root (5-7). The removal of this structure 

compromises the tooth's fracture resistance, a leading cause 

of failure in endodontically treated teeth (8, 9). 

 

The advent of modern technologies—including the dental 

operating microscope, enhanced irrigation systems, and 

advanced nickel-titanium (NiTi) rotary files—has facilitated 

a paradigm shift towards minimally invasive endodontics 

(MIE) (10). This philosophy, as emphasized by Gluskin et al., 

advocates for performing endodontics with the "least amount 

of change in the dental hard tissues" (9). This review aims to 

describe the evolution of access cavity designs, synthesize the 

literature on dentin-preserving strategies, and evaluate their 

impact on clinical outcomes. 

 

2. Methods 
 

This article employs a narrative literature review 

methodology. A comprehensive search and analysis of key 

textbooks, peer-reviewed journal articles, and contemporary 

clinical reviews pertaining to endodontic access cavity 

preparation was conducted. The focus was on literature 

discussing pericervical dentin, fracture resistance, minimally 

invasive techniques, and the technological advancements that 

enable them. The findings were synthesized to provide a clear 

overview of the transition from traditional to minimally 

invasive access designs and their reported benefits. 

 

3. Results 
 

1) Synthesis of the Evidence Base 

The foundational and contemporary literature on endodontic 

access reveals a clear evolution in understanding (Table 1). 

Early work established the benefits of traditional access and 

coronal flaring for instrumentation and obturation (Goerig et 

al., 1982; Allison et al., 1979). However, subsequent research 

began to highlight the biomechanical trade-offs, such as the 

weakening of tooth structure identified by Leeb (1983). The 

critical role of the pericervical dentin (PCD) in fracture 

resistance became a central focus (Kishen, 2006; Arora et al., 

2015), leading to a paradigm challenge by thought leaders like 

Clark and Khademi (2009, 2010) and Gluskin et al. (2014). 

This theoretical shift is now being supported by experimental 

evidence, such as studies showing comparable debridement 

with conservative access (Neelakantan et al., 2018) and the 

precision offered by dynamic navigation (Saunders et al., 

2020). 
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Table 1: Summary of Key Literature on Endodontic Access Cavity Preparation 
Author (Year) Study Type Sample / Context Focus Key Findings 

Goerig et al. (1982) Technique paper Molar canals Step-down TEC Standardized straight-line access. 

Leeb (1983) In-vitro Extracted teeth Orifice enlargement 
Facilitates instrumentation but weakens 

tooth. 

Allison et al. (1979) In-vitro Extracted teeth Prep vs obturation Prep method influenced obturation quality. 

Peters (2008) Review Literature Access knowledge Summarized access concepts. 

Clark & Khademi (2009, 

2010) 
Case studies Clinical reports Conservative access Advocated dentin conservation. 

Grande et al. (2007) In-vitro Human teeth Filling materials Affected dentin’s mechanical properties. 

Kishen (2006) Review Literature Fracture risks PCD critical for fracture resistance. 

Gluskin et al. (2014) Perspective Literature MI endodontics Challenged TEC paradigms. 

Arora et al. (2015) Review Literature Pericervical dentin Emphasized PCD’s role. 

Stankiewicz & Wilson (2002) Review Literature Ferrule effect Essential for restoration success. 

Akkayan (2004) In-vitro Restored teeth Ferrule length Greater ferrule = higher resistance. 

Neelakantan et al. (2018) In-vitro Mandibular molars ODC vs TEC Comparable debridement. 

Auswin & Ramesh (2017) Case report Lower molar Truss access Preserved dentin truss. 

Saunders et al. (2020) In-vitro Simulated canals Navigation vs freehand Navigation minimized dentin loss. 

Ruddle (2017) Commentary Expert opinion Controversies Highlighted access debates. 

Ingle (2002) Textbook Comprehensive Endodontic principles Reinforced TEC. 

 

2) The Biomechanical Imperative: Pericervical Dentin 

and the Soffit  

The review of the literature consistently identifies PCD as the 

"neck" of the tooth, essential for its strength and function (6, 

7). Furthermore, the soffit—the roof of the pulp chamber—is 

highlighted as a key structure. Its preservation prevents 

iatrogenic gouging of the lateral walls and acts as "banked" 

tooth structure, significantly enhancing fracture resistance (6, 

7, 15). Traditional techniques involving large round burs and 

Gates-Glidden drills often lead to uncontrolled dentin 

removal in these areas and have been linked to the initiation 

of microcracks (13). 

 

3) Technological Enablers of Minimally Invasive Access 

The shift towards MIE is underpinned by technological 

advancements: 

• Magnification and Illumination: The dental operating 

microscope allows for precise identification of canal 

orifices without excessive removal of overlying dentin. 

• Specialized Burs: Modern burs like the EndoGuide (CK 

Bur) and SS White EndoGuide Burs feature self-

centering, non-cutting tips and precise diamond coatings. 

These designs facilitate planned, conservative entry and 

minimize the sacrifice of PCD and the soffit (6, 7). 

• Enhanced Instrumentation: Heat-treated NiTi files 

with reduced tapers and asymmetric designs allow for 

effective shaping while conserving root dentin (12). 

 

Evolution of Access Cavity Designs 

A variety of MIE designs have been developed, each aiming 

to maximize dentin preservation (See Table 2). 

 

 
Figure 1: Preservation of the Soffit 

(Adapted from Clark and Khademi, 2013). 

 

 
Figure 2: The Ferrule Effect. 

(Adapted from Stankiewicz N, Wilson PR, 2002). 

 

Paper ID: SR25919104809 DOI: https://dx.doi.org/10.21275/SR25919104809 942 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 9, September 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

 
Figure 3: Truss Access Cavity Design 

Schematic representation of a truss access on a mandibular 

molar, where separate cavities are prepared for the mesial 

and distal canals, preserving a strategic "truss" of dentin 

between them. (Courtesy of Megha Chethan et al., 2021). 

 

 
Figure 4: Ninja Endodontic Access Cavity 

An ultra-conservative, orifice-directed access preparation 

made parallel to the long axis of the tooth, preserving the 

entire lingual and cingulum anatomy. 

 

 
Figure 5: Incisal Access Approach 

Access cavity prepared on the incisal edge to avoid the 

inverse funneling and blind tunneling that can occur with a 

traditional lingual approach, thereby preserving dentin bulk. 

(Courtesy of Yoshio Yahata et al., 2017). 

 
Figure 6: Caries Leveraged Access 

Access to the pulp chamber is gained primarily through 

existing caries and faulty restorations, conserving all 

surrounding healthy tooth structure and the soffit. (Courtesy 

of Dr. Reuben Joseph). 

 

 
Figure 7: Calla Lily Enamel Preparation 

*This preparation involves beveling enamel walls at 45° to 

remove undermined enamel and engage enamel rods, 

improving the restorative C-factor and overall strength. 

(Courtesy of David Clark et al., 2010).* 

 

 
Figure 8: Image-Guided Endodontic Access 

*A pre-operative plan based on CBCT data allows for the 

preparation of the smallest possible access cavity 

customized to the tooth's internal anatomy, minimizing 

dentin removal. (Courtesy of Yinghui Su et al., 2021).* 
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Figure 9: Dynamic Guided Access 

*An overhead camera system tracks the handpiece and patient's jaw in real-time, providing dynamic navigation to prepare an 

access cavity with minimal substance loss precisely. (Courtesy of Charles et al., 2018).* 

 

Table 2: Summary of Minimally Invasive Endodontic Access Cavity Designs 
Access Design Key Principle Primary Indication Key Benefit 

Truss Access 
Creating separate cavities for mesial and distal 

canals, connected by a preserved "truss" of dentin. 
Mandibular molars 

Preserves the critical dentin bridge 

between canals in fracture-prone teeth. 

Ninja Access 

(PEAC/UEC) 

Ultra-conservative, orifice-directed access from 

the incisal edge or central fossa. 

Anterior teeth, teeth 

with severe lingual wear 

Maximizes preservation of the pulp 

chamber roof and cingulum. 

Incisal Access 
Access preparation on the incisal edge instead of 

the traditional lingual approach. 
Anterior teeth 

Prevents blind tunneling, inverse 

funneling, and preserves cingulum 

dentin. 

Caries-Driven Access 

(CariesAC) 

Utilizing existing caries or faulty restorations as 

the primary access path. 

Teeth with existing 

cavities/restorations 

Conserves intact, healthy tooth 

structure by leveraging pre-existing 

defects. 

Calla Lily Preparation 
Beveling enamel walls at 45° to engage enamel 

rods and improve restorative C-factor. 

Teeth requiring large 

restorations 

Enhances bonding and fracture 

resistance of the final restoration. 

Image-Guided / 

Dynamic Navigation 

Using CBCT data and real-time tracking to plan 

and execute a precise, minimal access cavity. 

Calcified canals, 

complex anatomy 

Eliminates uncertainty, minimizes 

dentin removal, and reduces operator 

error. 

 

4) The Restorative Connection: The 3D Ferrule 

The endodontic access is the first step in the restorative 

journey. The concept of a three-dimensional ferrule (3DF) is 

crucial. It requires not only a vertical height of 1.5-2.5 mm of 

sound dentin but also adequate dentin thickness (girth) and 

appropriate taper to provide optimal support for the final 

crown, ensuring the long-term survival of the tooth (14, 16, 

17). 

 

4. Discussion 
 

This review illustrates a fundamental evolution in endodontic 

philosophy: from a focus solely on endodontic convenience 

to a holistic approach that prioritizes the long-term 

biomechanical survival of the tooth. The evidence confirms 

that the indiscriminate removal of PCD and the soffit during 

TAC preparation is a significant liability (5-9, 13). 

 

The presented MIE techniques are not a one-size-fits-all 

solution but a spectrum of options that must be selected based 

on individual tooth anatomy, pre-existing conditions (like 

caries or restorations), and the clinician's technological 

capabilities. For instance, a caries-driven access is a logical 

choice for a heavily restored molar, while dynamic navigation 

may be indispensable for managing calcified canals. 

 

While in-vitro studies strongly support the increased fracture 

resistance of teeth with conservative access cavities, the 

ultimate validation must come from long-term clinical 

studies. The technical challenge of performing endodontics 

through a restricted access also cannot be understated; it 

demands a high level of skill, patience, and superior 

equipment. The goal is not to make treatment impossibly 

difficult but to make preservation thoughtfully possible. 

 

5. Conclusion 
 

The concept of "extension for prevention" has been refined to 

"conservation for retention." Minimally invasive endodontic 

access cavity preparation is a scientifically grounded and 

clinically achievable standard of care. By embracing the 

principles of PCD preservation, utilizing modern 

armamentarium, and selecting the appropriate access design, 

clinicians can significantly improve the prognosis of 

endodontically treated teeth. The future of endodontics lies in 

this minimally invasive, tooth-preserving approach, ensuring 

that treated teeth remain functional and fracture-resistant for 

a lifetime. 
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