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Abstract  

The objective of any surgical procedure is to restore the tooth’s normal form, function, and, 

when necessary, its esthetic appearance. In endodontic therapy, a key goal is the removal of 

microorganisms, pulpal remnants, and other debris from the root canal system. Achieving this 

often requires the removal of some tooth structure, which may weaken the tooth and affect its 

long-term restorative prognosis. The survival of an endodontically treated tooth largely 

depends on the amount of remaining tooth structure and the quality of the restoration provided. 

Minimally invasive endodontics (MIE) focuses on conserving as much healthy coronal, 

cervical, and radicular tooth structure as possible. This concept can be implemented during 

different stages of endodontic treatment, including access cavity preparation, canal cleaning 

and shaping, and surgical endodontic procedures. Contemporary endodontics emphasizes 

minimal intervention, and by integrating various techniques at each stage, successful treatment 

outcomes can be achieved while preserving the natural tooth structure with appropriate case 

selection.  

Keywords: Minimally invasive endodontics, peri-cervical dentin, soffit, root canal therapy, 

dentin  

Introduction and background  

Effective root canal treatment significantly improves the probability that a tooth will remain 

functional in the oral cavity for an extended period [1]. The long-term survival of an 

endodontically treated tooth largely depends on the amount of remaining tooth structure and 

the healing that occurs after the procedure. Treatment outcomes are also influenced by factors 

such as the quality of root canal obturation and the structural strength of the tooth following 

canal preparation. Recent research in endodontics has focused on understanding the properties 

and structural behaviour of dentin as it changes with age and functional demands  
[2]. With advancements in dental materials, technologies, and clinical techniques, contemporary 

dentistry now emphasizes a conservative treatment approach that prioritizes the preservation 
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of natural tooth structure and careful therapeutic planning [3]. Minimally invasive endodontics 

(MIE) represents a modern concept in root canal therapy that aims to reduce structural damage 

while effectively managing pulpal diseases and apical periodontitis and preserving as much 

healthy tooth tissue as possible [2,4]. The introduction of advanced technologies such as cone 

beam computed tomography (CBCT), dental operating microscopes, modified access cavity 

designs, and innovative treatment techniques has further encouraged the adoption of less 

invasive endodontic procedures [5]. A comprehensive understanding of root canal anatomy is 

essential for maintaining oral health, and the continued progress in endodontics allows 

clinicians to diagnose dental conditions accurately, conserve natural tooth structure, and 

provide effective treatment that restores diseased teeth and supports overall oral health.  

Review  

Preserving Structural Integrity  

In recent years, several traditional concepts in dentistry have undergone significant changes. 

The remaining structural integrity of a tooth is now considered a key factor in determining its 

prognosis and long-term functional performance after restoration. The primary objective of 

restorative procedures, particularly in endodontics, is to maintain the strength and stiffness of 

the tooth so that it can resist structural deformation. Earlier concepts such as “extension for 

prevention” are no longer widely supported because they involve the unnecessary removal of  

healthy tooth structure for a potential future benefit. A clear understanding of the 

biomechanical behaviour of dentin—often regarded as the weakest component in a 

restorative system—is essential to avoid causing further damage to the tooth structure [5,6]. 

Studies conducted by Silva et al. Have reported cases where endodontically treated teeth 

were eventually extracted due to inadequate restoration of the remaining tooth structure [7]. 

This highlights the importance of preserving healthy dental tissues to improve the 

prognosis of endodontically treated teeth. Several studies have shown that teeth with 

extensive loss of enamel and dentin have a significantly reduced ability to withstand 

occlusal and functional forces compared with intact teeth. In minimally invasive 

endodontics (MIE), reducing the diameter of the access cavity by half can result in the 

removal of nearly four times less tooth structure compared to conventional preparations. 

Greater preservation of dentin increases the tooth’s tensile and fracture resistance, thereby 

reducing the likelihood of fracture. Therefore, preserving the maximum amount of dentin 

during access cavity preparation and root canal shaping is critically important, as no 

artificial material can fully replicate the unique properties and characteristics of natural 

dentin [7]. Endodontic therapy is commonly performed to treat teeth with irreversible pulpal 

inflammation or necrosis caused by caries or trauma. This treatment involves mechanical 

and chemical preparation of the root canal system, which may alter several mechanical and 

physical properties of the tooth structure [8]. Consequently, endodontic therapy can 

influence the longevity of the tooth, its biomechanical behaviour during function, and the 

success of subsequent restorative procedures. When restoring endodontically treated teeth, 

clinicians must consider several factors, including the amount of remaining tooth structure, 

the presence of a ferrule, the timing of post placement, and the selection of appropriate 

restorative materials such as fiberglass posts.Biomechanics involves the study of biological 

structures and their functions using principles of engineering mechanics. In dentistry, the 

biomechanics of endodontically treated teeth plays a crucial role in maintaining structural 

stability and functional performance. It focuses on the interaction between dental tissues 

and restorative materials and their ability to withstand functional forces during mastication. 
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Biomechanics helps reduce the risk of fracture and minimizes stress on weakened or 

compromised teeth, thereby improving the prognosis of endodontically treated teeth. 

Endodontic procedures can alter the biomechanical properties of dentin at several levels, 

including its macro- and microstructure, tissue composition, and the overall structural 

configuration of the tooth [9]. Biomechanical principles are also fundamental in root canal 

preparation. Root canal therapy involves a series of procedures aimed at eliminating 

infection from the pulp and protecting the treated tooth from further microbial invasion. A 

critical step in this process is access cavity preparation, which allows identification of root 

canal orifices, facilitates proper biomechanical preparation, and ensures complete cleaning 

of the root canal system [10]. Therefore, an appropriate access cavity design is essential for 

successful endodontic treatment. Although the traditional concept of “extension for 

prevention” simplifies instrumentation, it may lead to unnecessary removal of cervical 

dentin, which weakens the tooth biomechanically after treatment. Minimally invasive 

endodontics aims to reduce unnecessary removal of radicular dentin and maintain 

favourable stress distribution within the root structure. By preserving root dentin and 

maintaining root volume, this approach helps improve resistance to fracture and enhances 

the mechanical stability of endodontically treated teeth. Proper evaluation of fracture 

resistance and stress distribution is essential for accurate diagnosis and effective treatment 

planning, ultimately helping maintain the mechanical integrity of endodontically treated 

teeth [11].  

Biomechanics of Dentin  

Dentin is a vital tissue that contains the cellular extensions of odontoblasts, which are cells 

located in the dental pulp [12]. Biomechanics, a branch of engineering mechanics, studies 

biological structures and their functions using mechanical principles. In dentin, the organic 

collagen matrix contributes to tensile strength and flexibility, while the inorganic mineral 

component provides hardness and the ability to resist compressive forces. The presence of 

water within dentin also plays an important role in maintaining its mechanical properties. 

Additionally, the small pulpal space and the fluid present within dentinal tubules help reduce 

the formation and propagation of cracks within the dentin structure [13]. However, endodontic 

treatment may reduce the water content of dentin, which can lead to tissue contraction and 

increase the risk of cracks or fractures, potentially resulting in tooth failure [14]. Endodontic 

procedures can alter several aspects of the tooth, including tissue composition, dentin 

macrostructure, and the overall structural configuration of the tooth. With aging, dentin 

gradually becomes more brittle and less elastic due to physiological and pathological changes, 

which can compromise the mechanical properties of teeth. Therefore, maintaining a balance 

between dentin rigidity (resulting from mineralization) and toughness (provided by collagen 

and hydration) is essential for preserving tooth strength [13]. The reduced fracture resistance of 

root canal–treated teeth remains a major concern when evaluating the long-term success of 

endodontic therapy. Reeh et al. (1989) emphasized that the structural integrity of 

endodontically treated teeth is crucial for their long-term survival. Similarly, Mauger et al. 

(1993) and Willershausen et al. (2008) highlighted the importance of understanding root canal 

morphology, chemomechanical preparation techniques, and access cavity design for successful 

treatment outcomes. Tang et al. (2010) further emphasized that preservation of pericervical 

dentin and overall tooth structure plays a vital role in determining the long-term prognosis of 

root canal–treated teeth. Teeth in which a greater amount of hard tissue is preserved show 

higher fracture resistance and lower stress concentration, particularly in the cervical region [15]. 
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To protect dentin during endodontic procedures, minimally invasive techniques and specialized 

instruments are recommended, even though the reduction in fracture resistance of 

endodontically treated teeth is not solely due to the loss of tooth structure [16]. With this goal, 

the concept of preserving pericervical dentin has been strongly advocated in minimally 

invasive endodontics (MIE). Maintaining this dentin is important because it acts as a 

stresstransmitting structure that contributes to the overall strength of the tooth. Conversely, 

removal of key dental structures—such as oblique ridges, pericervical dentin, and thinning of 

marginal ridges for clinical convenience—may significantly increase the risk of tooth fracture 
[17].  

  

Minimally Invasive Endodontics: From Conservation to Survival  

 Root canal therapy is often the only treatment option for saving a mature tooth affected by 

irreversible pulpitis or apical periodontitis. However, the procedure inevitably results in the 

loss of some tooth structure, which may make the treated tooth more susceptible to fracture [18]. 

Minimally invasive endodontics (MIE) is a clinical approach that focuses on performing 

endodontic procedures while minimizing the removal of healthy tooth structure. The 

fundamental principle of this concept is to effectively clean, shape, and obturate the root canal 

system without removing excessive enamel and dentin from the crown and root. Pioneers in 

endodontics, Clark and Khademi, introduced the concept of minimally invasive access cavities 

to help achieve this goal [19]. According to the Consortium for Educational Communication 

(CEC) design described by Yuan et al. (2016), preserving more coronal tooth structure reduces 

stress on the occlusal and cervical regions of the tooth. Consequently, using conservative canal 

preparation with reduced taper may improve the tooth’s ability to withstand masticatory forces 

and enhance the long-term survival of the treated tooth [20]. Over the past decade, regenerative 

endodontic procedures have emerged as a significant advancement in the treatment of immature 

necrotic permanent teeth. These techniques facilitate ongoing root maturation, enhance 

resistance to fracture, and offer the potential for restoration of vital tissues within the root canal 

system. At the same time, minimally invasive root canal therapy has gained attention as an 

approach that focuses on preserving as much natural tooth structure as possible. Both 

regenerative endodontics and minimally invasive endodontics share the common objective of 

maintaining the natural tooth structure. The integration of these concepts has led to the 

development of minimally invasive regenerative endodontic procedures (MIREP), which 

combine conservative treatment with regenerative strategies. The use of biomimetic, cell-

friendly disinfecting agents and modern techniques supports this approach and may improve 

clinical outcomes. It also promotes individualized treatment protocols that integrate 

disinfection and regeneration within minimally invasive endodontic practice to enhance dental 

health [21].  

  

The primary goal of endodontic therapy is to preserve a functional tooth by preventing or 

managing apical periodontitis. However, the success of endodontic treatment depends on 

several factors, including the structural integrity of the tooth during canal preparation and the 

quality of the final restoration. Endodontics continues to evolve with the introduction of new 

technologies, materials, and treatment methods. Currently, minimally invasive endodontics is 

considered an effective treatment philosophy in which extensive restorative procedures are 
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postponed until the endodontic therapy is completed. Various materials and techniques have 

been developed to improve the longevity of endodontically treated teeth while maintaining 

adequate root strength and balancing biological, mechanical, adhesive, functional, and esthetic 

factors. Modern approaches include improved instrumentation techniques, multiphase 

strategies for identifying risks such as microleakage, vital pulp therapy approaches such as 

“endolight” that are based on biological principles, and advanced fabrication methods. These 

approaches often incorporate computer-aided design and manufacturing technologies, which 

help maximize preservation of tooth structure and support improved dental health. The concept 

of minimal intervention dentistry represents the modern technological approach to dental care. 

It has transformed endodontic practice through advancements in instruments, materials, optical 

devices, and computer-assisted systems [22]. This approach aims to achieve long-term treatment 

success while meeting biological objectives and preserving as much healthy coronal, cervical, 

and radicular tooth structure as possible during endodontic therapy. Minimal intervention 

dentistry also supports improved clinical decision-making by emphasizing the conservation of 

dentin while ensuring that root canals are adequately treated. Furthermore, it contributes to the 

development of clinical guidelines for infection control and fracture prevention. Overall, the 

integration of advanced technologies, particularly computer based systems, has significantly 

improved endodontic treatment procedures and outcomes [23].  

Minimally Invasive Access Strategies  

Endodontic treatment can be challenging because of the complex anatomy of root canal 

systems and pulpal tissues. Successful treatment requires proper access to the root canal system 

so that it can be adequately shaped, cleaned, and filled while preserving enough tooth structure 

to maintain its strength and function. Traditional access cavity designs that aim to achieve 

straight-line access to the canal orifices often result in excessive removal of tooth structure, 

which can reduce the fracture resistance of the tooth [1]. However, advancements in illumination 

and magnification technologies, such as dental operating microscopes, have made it easier and 

more efficient to perform minimally invasive endodontic procedures compared with earlier 

techniques [24].  

Peri cervical dentin and minimally invasive endodontics  

 Within minimally invasive endodontics (MIE), special emphasis is placed on preserving the 

peri-cervical dentin (PCD), which is located approximately 4 mm above and 4 mm below the 

alveolar crest. This region is considered crucial for maintaining the long-term function and 

survival of teeth, particularly molars. Protecting the PCD helps maintain structural stability and 

prevents excessive flexure of the tooth during function. Because of this, the routine use of 

instruments such as round burs or Gates-Glidden burs is increasingly discouraged when they 

risk excessive dentin removal. Avoiding unnecessary gouging of the access cavity and coronal 

canal space helps preserve dentin above and below the PCD, which strengthens endodontically 

treated teeth. Importantly, no artificial material or restorative technique can fully replace the 

natural strength of lost dentin in these critical regions [4,25].  

The difference between Traditional access cavity and Conservative access cavity are:  
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  Traditional access 

cavity   

Conservative access 

cavity   

Principle   Extension for Prevention   Prevention of extension   

Cavity preparation design  The centre of the pulp 

chamber should be the 

target of the initial 

penetration  

Only the tooth structure 

required to be removed is 

prepared   

Pericervical dentin   No preservation of    

  

Preservation  

Soffit  Less probable  Prepared  

  All the teeth  EndodonticTreatment 

Cannot be attempted for  

all teeth  

Pulp tissue remnants  No possibility   Possibility of endodontic 

failure if shaping and 

cleaning protocol is not 

followed   

  

 

Several modern access cavity designs have been introduced to enhance fracture resistance 

while preserving tooth structure [1]. These include conservative endodontic access cavities, 

ninja access cavities, orifice-directed dentin conservation access cavities, incisal access, Cala 

Lily enamel preparation, and micro-guided endodontic access. Such designs aim to maintain 

more tooth structure while still allowing adequate canal location and treatment. The general 

goal of these strategies is to improve patient outcomes by reducing structural damage during 

endodontic procedures [26]. However, despite the advantages of minimally invasive techniques, 

clinicians must carefully balance conservative access with the need for adequate visualization 

and instrumentation of the canal system. The complex anatomy of the root canal system 

presents challenges in treatment, and effective cleaning, shaping, and access are essential for 

successful outcomes [27]. While traditional straight-line access has long been taught for ease of 

instrumentation, excessive enlargement of the cavity may weaken the tooth. Therefore, modern 

minimally invasive strategies aim to achieve proper canal preparation while minimizing 

structural loss and preserving tooth strength.  

Shaping the root canal space  

Root canal shaping is performed to create a form that allows effective cleaning and proper 

obturation while maintaining sufficient structural strength to withstand internal obturation 

forces and masticatory stresses. Contemporary endodontic shaping techniques generally follow 

two main philosophies. Some clinicians advocate for smaller apical diameters with limited 

taper to preserve root strength and reduce structural damage, while still creating a preparation 

that allows a tight apical seal and resistance form. Others suggest that wider apical preparation 

may improve cleaning by enhancing debris removal, facilitating irrigation penetration, and 

reducing bacterial contamination within the canal system. Regardless of the technique used,  
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the primary objective of root canal shaping is to create a clean and properly prepared canal 

space that can be effectively filled with obturating materials. Adequate cleaning is essential 

because infected pulp tissue cannot heal without intervention. Preserving natural tooth 

structure during treatment also helps maintain oral health by preventing bone loss, maintaining 

jaw stability, and supporting facial structure. Advances in instrumentation technology have 

greatly improved the ability to shape canals while preserving dentin. Nickel-titanium (NiTi) 

instruments, used alone or in combination with stainless-steel instruments, have been shown 

to provide better canal centering and greater dentin preservation during root canal preparation 
[4].  

  

Cervical area preservation  

 The concepts of peri-cervical dentin (PCD) and the dentin soffit were introduced by Clark and 

Khademi. PCD refers to the dentin located near the alveolar crest, which plays a critical role in 

transmitting occlusal forces from the crown to the root. This region extends approximately 4 

mm coronally and apically from the crest and is considered essential for maintaining tooth 

strength [28,29]. The dentin soffit refers to the coronal dentin that covers the pulp chamber and 

helps protect the peri-cervical dentin [30]. Another important concept in restorative dentistry is 

the ferrule, defined as a band of axial dentin extending from the preparation margin to the 

cervical portion of the tooth, which enhances resistance to fracture when covered by a crown 
[9].Research by Allen et al. Indicates that traditional endodontic cavities may be more 

susceptible to fracture than conservative access designs. Excessive removal of dentin in the 

pericervical region during access cavity preparation can increase fracture risk, whereas 

minimally invasive approaches help distribute stresses more evenly in the crown and cervical 

areas [31].Cervical preflaring is sometimes used during canal preparation to improve access and 

facilitate accurate determination of working length and apical diameter. This procedure 

enlarges the coronal portion of the canal to improve instrumentation and irrigation, although it 

may reduce dentin thickness if performed excessively [32]. Instruments commonly used for 

cervical preparation include Largo burs, Gates-Glidden drills, NiTi instruments, and LA Axxess 

burs. Many clinicians prefer conservative crown-down techniques to minimize unnecessary 

dentin removal. Advanced imaging technologies and software, such as micro-CT analysis and 

CTAn software, can help evaluate dentin thickness and assess structural changes during 

preparation [33]. Overall, careful cervical management can help reduce fracture risk and 

improve treatment outcomes.  
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Fig. 1: Peri-cervical dentin   

 

  

Disinfection and other considerations in minimally invasive endodontics  

Effective instrumentation and disinfection are essential for successful root canal therapy.  

These procedures aim to remove debris, bacteria, and the smear layer from the canal system. 

Persistent infection is a major cause of endodontic failure and may compromise the outcome 

of regenerative procedures [20]. Studies by Plotino and colleagues suggest that apical 

preparation with instruments of approximately size 25 can provide improved cleaning in the 

apical third of the canal [35]. Despite advances in instrumentation and irrigation techniques, 

complete elimination of microorganisms from the root canal system remains challenging. As 

apical preparation sizes become smaller in minimally invasive approaches, researchers are 

exploring improved irrigation strategies to enhance disinfection while minimizing iatrogenic 

damage [4]. The primary goal of endodontic therapy remains the elimination of microbial 

infection while preserving as much tooth structure as possible. Minimally invasive endodontics 

helps reduce procedural errors such as perforations, ledges, missed canals, and instrument 

separation. However, excessive reduction of access cavities may compromise disinfection and 

instrumentation if not carefully managed [21]. Therefore, clinicians must balance conservative 

access preparation with effective canal cleaning to achieve long-term biological success and 

structural preservation.  

Restoration strategies in minimally invasive endodontics  

The long-term success of root canal therapy also depends on the quality of the final restoration. 

A proper seal of the root canal filling and resistance to leakage are critical factors. Some 

studies, including those by Rover et al., suggest that minimally invasive access cavities may 

create larger gaps in canal fillings in certain situations, particularly when canal anatomy is 

oval, such as in mandibular incisors [36].  



  
NeuroQuantology | July 2026 | Volume 24 | Issue 7 | Page 241-251 | Doi: 10.48047/nq.2026.24.7. NQ27018 
Dr. Shivangi Chaturvedi / A Narrative Evaluation of Minimally Invasive Endodontics Using a Bioconservative Approach  

Eissn: _1303-5150                                                                                                                            249     www.neuroquan tology.com  

  

After root canal treatment, the tooth must be restored with a suitable filling or crown depending 

on the amount of remaining tooth structure. When substantial coronal structure is lost but at 

least 2 mm of pulp chamber wall remains, endocrown restorations may be used. Endocrown 

are less invasive compared with traditional post-and-core restorations, which may weaken the 

root structure [31]. Several clinical factors influence the choice of restorative approach, 

including tooth location, number of proximal contacts, timing of definitive restoration, 

remaining tooth volume, and presence of cracks. Conservative endodontic-restorative 

strategies aim to maintain tooth structure while restoring function and aesthetics. Successful 

restorations should prevent microbial leakage, provide adequate contact points and occlusal 

stability, protect the remaining tooth structure from fracture, maintain periodontal health, and 

ensure satisfactory aesthetics [37]. Ultimately, careful planning and appropriate restorative 

techniques are essential to improve the survival of root-filled teeth and ensure long-term 

clinical success [38].   

Conclusions  

For endodontically treated teeth to function successfully in the oral cavity over the long term, 

the treatment must achieve effective and durable outcomes. In minimally invasive endodontic 

therapy, bioceramic sealers with hydraulic properties contribute to the formation of a strong 

three-dimensional seal within the root canal system, while canal shaping is performed 

according to the natural morphology of the canal. These factors enhance the overall success of 

minimally invasive endodontic procedures. Endodontic treatment plays a significant role in 

preserving teeth and their vital structures, and minimally invasive approaches can be 

implemented through techniques such as conservative access cavity preparation, 

biomechanical canal preparation, and surgical endodontic procedures. Technological 

advancements and computer-assisted systems have greatly improved dental treatment 

processes by enabling clinicians to accurately diagnose tooth conditions and determine the 

appropriate location and angle for instrumentation. As a result, root canal instrumentation has 

become more precise and efficient. Continuous monitoring and assessment of endodontically 

treated teeth, including evaluation of stresses and structural changes using numerical data, 

further support effective treatment planning. These developments also contribute to improved 

restorative strategies by reducing microbial leakage and preventing the spread of infection 

between teeth. In this context, biotechnology plays an important role by integrating biological 

knowledge with technological innovations to strengthen natural tooth structures and promote 

better oral health, which ultimately supports overall well-being. The content published in 

Cureus is based on clinical experience and/or research conducted by independent authors or 

organizations. Cureus does not assume responsibility for the scientific accuracy or reliability 

of the data or conclusions presented. The material published in Cureus is intended solely for 

educational, research, and reference purposes and should not be considered a replacement for 

professional medical advice. Readers should always seek guidance from qualified healthcare 

professionals and should not ignore or avoid professional medical advice based on information 

published in Cureus.  
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