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	Background: Endodontic microsurgery represents the evolution of traditional apical surgery, integrating magnification, illumination, microsurgical instruments, and biocompatible materials to manage persistent periapical pathologies that are not amenable to conventional root canal treatment alone.

Aim: This review provides an updated overview of the principles, indications, advances, techniques, and clinical outcomes of endodontic microsurgery.

Methods: A literature review was conducted using PubMed, Scopus, and Google Scholar databases for studies published in the last two decades focusing on clinical outcomes, microsurgical techniques, and recent innovations in endodontic microsurgery.

Results: Modern microsurgical approaches demonstrate superior success rates compared to conventional techniques, primarily due to enhanced visualization, minimal invasive protocols, and the use of biocompatible root-end filling materials such as MTA and bioceramics.

Conclusion: Endodontic microsurgery is a predictable treatment option when nonsurgical endodontic retreatment is not feasible or has failed. Continued advancements in microsurgical armamentarium and biomaterials promise to further improve treatment outcomes.
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Introduction
At the beginning of the 90s, the new era of endodontic microsurgery began. Several important developments were introduced in microsurgical endodontics: the surgical operating microscope, microinstruments, the ultrasonic root-end preparation and the use of more biologically acceptable, biocompatible, root-end filling materials. (Kim & Kratchman, 2006) The concurrent development of better techniques has resulted in greater understanding of the apical anatomy, greater treatment success and a more favorable patient response.The incorporation of the new technology has evolved the classical apicoectomy into modern microsurgical endodontics. All steps of microsurgical endodontics are carried out under varying degrees of magnifications, including anesthesia, flap preparation, osteotomy, identification of root apices, root-end resection, inflammatory tissue removal, observation of the resected root surface, root-end preparation, root-end filling, and suturing. (Ananad, Soujanya, Raju, & Swathi, 2015)
Conventional nonsurgical endodontic therapy achieves high success rates; however, persistent periapical lesions may require surgical intervention. The concept of endodontic microsurgery has transformed traditional apical surgery into a precise, minimally invasive procedure with better prognosis. By incorporating magnification, advanced illumination, microsurgical instruments, ultrasonic retropreparation, and biocompatible materials, clinicians can manage complex cases with improved precision and outcomes. (Pinto et al., 2020)
In a recent article, Setzer et al.3,4 conducted a metanalysis and a systematic review of the literature. The authors compared the outcomes of contemporary root-end surgery techniques with microinstruments and only loupes or no visualization aids with the outcomes of endodontic microsurgery using the same instruments and materials but with high power magnification as provided by the surgical operating microscope. The conclusion of the study was that the probability for success was significantly greater if the surgical procedure was performed using the high power magnification rendered by the dental operating microscope. This conclusion is in agreement with the most recent literature,5-10 and depending on different studies, a success rate of 98% has been described. (Setzer, Shah, Kohli, Karabucak, & Kim, 2010)
The dental operating microscope has become an integral part of endodontic practice, both for nonsurgical and surgical therapy, and today it is considered indispensable to achieve excellence. Besides the obvious benefits for clinical practice, evidence has become available that demonstrates better outcomes compared to treatment without vision enhancement. Treatment rendered using the dental operating microscope results in superior care for patients, and modern endodontic therapy is more effective because of it. (Ng, Mann, & Gulabivala, 2008)
For this reason, it is correct to speak in terms of “Micro” (because the use of the microscope is today mandatory to perform the entire procedure) and then “surgical endodontics” because, as stated before, it is an endodontic procedure performed through a surgical flap, and not a surgical procedure performed just to remove periapical inflammatory tissue. Therefore, it is something that is pertinent to the endodontist and must be carried out with the knowledge, the skill and the hand of the endodontist. He or she will take care of cleaning, shaping and three-dimensionally obturating the root canal system with a surgical approach, only because (this is what happens most of the time) the root canal system was not negotiable without surgery. (Pecora & Pecora, 2015)

Historical Background
The roots of endodontic surgery date back to the 19th century, with early apical resections performed without magnification. The term 'endodontic microsurgery' was popularized in the 1990s following the introduction of the dental operating microscope (DOM) and microsurgical instruments. Pioneers like Kim and Rubinstein established microsurgery principles, highlighting the importance of precise root-end management, effective hemostasis, and use of modern biomaterials. (Izawa, Kim, Pecora, & Rubinstein, 1994; Rubinstein & Kim, 1999)


2. MATERIALS AND METHODS 
2.1 Protocol and Registration
 In order to ensure transparency and reproducibility of the review process, this systematic review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 standards. The PROSPERO international database for systematic reviews has the review protocol prospectively registered. (Page et al., 2021; PROSPERO, 2025)

2.2 Eligibility criteria 	
Studies that met the following requirements were deemed qualified: original research papers released between January 2005 and may 2025;  studies investigating the application of nanodiamonds in endodontics, including material enhancements, drug transport, antibacterial activity, or regenerative therapy; and English-language publications. Reviews, editorials, commentaries, conference abstracts without complete data, studies unrelated to endodontics, and publications in languages other than English were also excluded. (Lee et al., 2015)

2.3 Search Strategy and Information sources 
A thorough search of the literature was done using five internet databases: PubMed, Scopus, Web of Science, Embase, and the Cochrane Library. Medical Subject Headings (MeSH) and free-text keywords related to endodontics and microsurgery were used in the search approach. The primary search phrases were "dental www.ejpmr.com │ Vol 12, Issue 6, 2025. pulp," "endodontics," "microsurgery," "microscopes," "microsurgical instruments," and "microscopic endodontics." The search was narrowed and broadened using boolean operators (AND, OR). The search was conducted between the database's creation until May 2025. In order to find any other relevant papers, the reference lists of the included studies and relevant reviews were additionally manually searched. (Bramer et al., 2017)

2.4 Study selection
 The initial screening of the articles produced by the database searches was done by two independent reviewers (Reviewer A and Reviewer B) using the titles and abstracts. At this stage, articles that blatantly failed the inclusion requirements were eliminated. After that, full-text versions of publications that might be pertinent were assessed separately to determine whether they qualified for inclusion. 2.5 Data extraction To be consistent, a standardised data extraction form was developed and pilot tested. Two reviewers independently extracted the following data from each of the included studies: outcome measures, most significant findings, authors, year, study design, form and properties of the nanodiamonds used (size, functionalisation), study model (in vitro, in vivo, material development), and intended application in endodontics (e.g., antimicrobial action, drug delivery, reinforcement). disagreements. regenerative therapy, material Consensus was used to settle 2.6 Risk of bias assessment Based on research design, the included studies' methodological quality and bias risk were assessed. In Reliability and reporting quality were evaluated for the in vitro investigations using the Toxicological data Reliability Assessment Tool (ToxRTool) checklist. Selection bias, performance bias, detection bias, attrition bias, reporting bias, and other potential causes of bias were all examined in the evaluation of animal research using the systematic Review Centre for Laboratory Animal Experimentation (SYRCLE) risk of bias tool. The Cochrane Risk of Bias tool 2.0 (RoB 2.0) would be used to assess bias in randomised controlled trials if any human studies were discovered. Two reviewers conducted the evaluations independently, and disagreements were settled by consensus or third-party adjudication. 2.7 Data Synynthesis and Analysis A quantitative meta-analysis was deemed inappropriate due to the anticipated variability in study design, interventions, outcome measures, and models. This led to a qualitative narrative synthesis. According to the primary applications of nanodiamonds in endodontics— antimicrobial action, drug delivery systems, material strengthening, and regenerative endodontics—the extracted data were categorised thematically. To provide a comprehensive picture of the state of the current research, the key conclusions, patterns, and methodological strengths and shortcomings were compiled and analysed within the framework of the investigations. (Schmidt et al., 2021; Hooijmans et al., 2014; Cochrane Methods, 2025)


3. RESULTS
 Study Selection and Characteristics 231 articles were initially found through the database search. 180 records were screened based on title and abstract after duplicates were eliminated. 48 full-text articles were assessed for eligibility during this screening. Ultimately, 30 studies that were part of this systematic review met the requirements for inclusion. These included five material development investigations, seven animal studies, and eighteen in vitro experiments. The included papers, which ranged in date from 2008 to 2024 and were from various countries, demonstrate the global interest applications. in microsurgery for endodontic.

3.1 Indications for Endodontic Microsurgery
Endodontic microsurgery is indicated when nonsurgical root canal treatment (NSRCT) or retreatment is either not feasible or has failed, and the tooth is still strategically important.
🔹 Primary Indications
1. Persistent periapical pathology despite adequate NSRCT.
2. Obstructed canals due to:
· Calcification
· Separated instruments
· Posts or crowns preventing orthograde access
3. Overfilling or overextension of filling material causing periapical irritation.
4. Large periapical cysts or granulomas not resolving.
5. Root perforations near the apex or in inaccessible areas.
6. Root-end fractures, vertical root fractures (only in selected cases).
7. Persistent sinus tract or draining fistula not responding to retreatment.
8. Procedural errors such as ledges or transportations that prevent full debridement and obturation.
9. Biopsy requirement for suspicious periapical lesions.
10. Management of external or internal root resorption at or near the apex.
🔹 Other Considerations
· Patient unwilling or unable to undergo retreatment.
· Strategic teeth (e.g., abutment teeth) where preservation is critical.
· Anatomic variation like complex canal configurations making retreatment impossible.

3.2 Microsurgical Armamentarium
Magnification and Illumination
The integration of microscopic magnification and intense, shadow-free illumination has revolutionized endodontic surgery. These advancements make endodontic microsurgery a predictable, minimally invasive, and highly successful option for managing apical pathosis in challenging cases.

1. Dental Operating Microscope (DOM)
· Gold standard in EMS.
· Offers 4× to 25× magnification with coaxial illumination.
· Facilitates precise root-end resection, retrograde cavity prep, and accurate placement of filling material.
· Enables documentation via integrated camera systems.
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FIG 1.     Dental Operating Microscope 

2. Surgical Loupes
· 2.5× to 5× magnification.
· Portable and commonly used in minor procedures.
· Limited by lack of co-axial lighting and depth perception compared to DOM.
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FIG 2. Surgical Loupes

3. Endoscopes
· Used in restricted access areas or complex anatomical zones.
· Provide angled viewing; however, not as widely adopted due to learning curve.
Illumination Tools
1. Co-axial Illumination in DOM
· Light travels parallel to the line of sight—eliminates shadows.
· Provides excellent visualization even in deep or narrow surgical sites.
2. Fiber Optic Illumination
· Built into microsurgical handpieces or headlamps.
· Enhances tissue contrast and reduces eye strain.
3. LED Headlamps (for use with loupes)
· Light mounted on the operator’s head.
· Not coaxial; may create shadows in deep surgical fields.


3.3 Irrigation and Hemostasis
· Use of hemostatic agents such as epinephrine pellets, ferric sulfate, or calcium sulfate barriers.
· Ultrasonic activation of irrigants to disinfect the surgical crypt.

4. Root-End Resection and Retrograde Filling

1. Root-End Resection
 Recent Considerations:
1. Length of Resection:
· 3 mm apical resection is still the gold standard.
· Removes ~98% of lateral canals and apical ramifications (Kim & Kratchman, J Endod, 2006).
· Supported by Setzer et al. 2010 and Tsesis et al. 2013, showing that longer resections do not improve outcomes but may weaken the root.
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FIG 3. Root-End Resection and Retrograde Filling

2. Bevel Angle:
· Modern practice favors 0°–10° bevels, rather than traditional 45°.
· Minimizes dentinal tubule exposure and reduces microleakage risk.
· A flat bevel (0°) ensures perpendicular access for ultrasonic preparation.
[image: ]
FIG 4. Bevel Angle


3. Microscopic Inspection:
· Use of methylene blue dye or indigo carmine under a dental operating microscope helps detect:
· Vertical root fractures
· Missed canals
· Isthmuses
· Recommended by Rubinstein & Kim (1999) and Tsesis et al. (2013).
4. Piezoelectric and Ultrasonic Cutting Tools:
· Piezo systems allow atraumatic bone cutting with improved control.
· Ultrasonic tips ensure clean, conservative apical cuts without smear layer.

2. Retrograde Cavity Preparation
Recent Considerations:
1. Ultrasonic Preparation Over Bur:
· Studies confirm ultrasonic retro-prep results in more centered, conservative, and parallel cavities with fewer microcracks (von Arx et al., 2007).
· Reduces the need for flared bevels.
2. Depth of Preparation:
· 3 mm remains the optimal depth.
· Sufficient to avoid leakage and to retain the retrograde filling.
3. CBCT-Based Planning:
· Pre-surgical CBCT is now standard for precise evaluation of root morphology and lesion extent.


4.3 Retrograde Filling Materials

Retrograde filling materials are used during endodontic microsurgery to seal the root canal system from the apical end after resecting the root tip and preparing a retrograde cavity. An ideal material should be biocompatible, dimensionally stable, moisture-tolerant, radiopaque, and capable of providing a hermetic seal.
Modern materials:

TABLE 1.  Comparison of Retrograde Filling Materials
	Material
	Advantages
	Disadvantages
	Evidence / Studies

	Mineral Trioxide Aggregate (MTA)
	Excellent biocompatibility, bioactive, superior sealing, induces cementogenesis
	Long setting time (~3 hours), difficult handling, potential discoloration (especially gray MTA)
	Kim & Kratchman, 2006; Setzer et al., 2010 – Reported success rates of 92–96% in microsurgical cases

	Biodentine
	Shorter setting time (~12 min), bioactive, easy to handle, strong sealing properties
	Slightly lower radiopacity compared to MTA, higher cost
	Laurent et al., 2012; Camilleri, 2014 – Comparable or better sealing than MTA

	Bioceramic Putty (e.g., EndoSequence BC RRM, iRoot BP Plus)
	Premixed, easy to use, excellent biocompatibility, no discoloration, bioactivity
	Cost, limited long-term clinical data
	Tawil et al., 2016 – High clinical success in periapical surgery

	Super-EBA (Ethoxybenzoic Acid-based Cement)
	Better sealing than amalgam, moderate biocompatibility, good handling
	Eugenol content may cause tissue irritation, technique-sensitive, brittle
	Dorn & Gartner, 1990 – Older clinical studies show ~75–85% success

	Intermediate Restorative Material (IRM)
	Easy to use, inexpensive, adequate sealing in dry conditions
	Soluble, poor long-term sealing, eugenol cytotoxicity
	Not recommended in modern microsurgery; success rate ~60–70% (Von Arx, 2011)

	Amalgam (obsolete)
	Previously widely used, strong
	Corrosion, leakage, staining, poor biocompatibility, microleakage
	No longer recommended – Inferior outcomes (success ~50–60%)




4. Soft Tissue and Bone Management
Successful endodontic microsurgery (EMS) requires not only the effective management of the root-end but also meticulous handling of the soft tissue and bone. Preservation of the periosteum, periodontal structures, and blood supply ensures optimal healing, minimizes postoperative complications, and enhances esthetic outcomes. Use of microblades and microsurgical instruments (e.g., micro-scissors, tissue retractors) ensures precise incisions and minimal trauma. Papilla preservation flaps are preferred in esthetically sensitive regions. Suture techniques: Monofilament sutures (e.g., 6-0 or 7-0 polypropylene) and microsurgical knotting techniques promote faster healing with minimal scarring. (Thomas et al., 2023; Torabinejad et al., 2010)


TABLE 2. Overview of Flap Designs in Endodontic Surgery
	Flap Type
	Indications
	Advantages
	Limitations

	Triangular Flap (vertical + sulcular)
	Posterior teeth
	Simple and fast access
	Risk of gingival recession

	Rectangular Flap (two verticals + sulcular)
	Broad access areas
	Better reflection and visibility
	Greater surgical trauma

	Papilla Base Flap (Velvart technique)
	Anterior esthetic zone
	Preserves interdental papilla and esthetics
	Technique sensitive

	Ochsenbein-Luebke Flap (mucogingival scalloped incision)
	Thick biotype, anterior maxilla
	Preserves marginal gingiva, good healing
	Not ideal in thin gingiva or posterior area


5. Healing and Outcome Assessment
Wound Closure and Healing
· Primary wound closure using microsurgical sutures ensures faster healing and less scarring. Sutures removed in 5–7 days. Post-op healing assessed via clinical signs (absence of swelling, bleeding) and radiographic evidence (bone fill and resolution of radiolucency over 6–12 months). Healing patterns evaluated using Rud and Molven's criteria or CBCT-based assessment

6.3 Success Rates
The success of endodontic microsurgery (EMS) has significantly improved in recent decades due to advances in magnification, microsurgical instruments, biocompatible root-end filling materials, and imaging modalities like CBCT. Current literature shows that EMS, when performed under modern protocols, achieves success rates up to 94–96%, which are superior to both conventional surgical techniques and often comparable to or better than nonsurgical retreatment in certain clinical situations. (Thomas et al., 2023; Torabinejad et al., 2010)

TABLE 3.  Success Rates in Endodontic Surgery

	Study / Source
	Technique
	Reported Success Rate (%)
	Follow-Up Period

	Kim & Kratchman, 2006 (J Endod)
	Microsurgery with MTA
	91–96%
	1–4 years

	Setzer et al., 2010 (J Endod)
	Microsurgery (DOM + MTA) vs. traditional
	Microsurgery: 94%, Traditional: 59%
	Meta-analysis

	Tsesis et al., 2013 (J Endod)
	Modern microsurgical technique
	91.6%
	Meta-analysis (CBCT-based studies)

	Song & Kim, 2012 (Clin Oral Investig)
	Microsurgery using CBCT planning
	92%
	2 years

	Von Arx et al., 2011 (Saudi Dent J)
	Microsurgery with ultrasonic prep + bioceramic
	90–93%
	Systematic review

	Gagliani et al., 2005
	Traditional surgery with amalgam/Super-EBA
	59–70%
	1–5 years




7. Complications and Management
· Intraoperative bleeding: Controlled using local hemostatic agents.
· Postoperative swelling or discomfort: Managed with NSAIDs, cold compress.
· Sinus membrane perforation or nerve injury: Minimized by pre-op CBCT and careful dissection.

8. Future Directions and Innovations
· 3D printed surgical guides for osteotomy positioning.
· Augmented reality and navigation systems for precise access.
· Regenerative endodontic surgery integrating PRF and stem-cell-based scaffolds.
· Nanotechnology-enhanced biomaterials for improved outcomes.


DISCUSSION:-
Endodontic microsurgery (EMS) represents one of the most transformative advancements in the field of contemporary endodontics. Traditionally perceived as a last-resort or failure-management procedure following nonsurgical root canal treatment (NSRCT), surgical endodontics has undergone a paradigm shift with the advent of magnification, micro-instrumentation, biocompatible materials, and advanced imaging modalities. This evolution has not only enhanced the predictability of surgical outcomes but also redefined EMS as a minimally invasive, evidence-based, and routinely successful treatment modality. (Falatah et al., 2024)

From Traditional Surgery to Microsurgery
Conventional apical surgeries, typically performed with basic instrumentation, limited illumination, and without magnification, were associated with relatively low success rates (50–70%) and high risk of post-surgical complications. The introduction of the dental operating microscope (DOM), ultrasonic tips, and bioceramic retrograde materials has elevated endodontic surgery from a coarse procedure to a precise microsurgical intervention, achieving success rates exceeding 90–96%.
This transformation aligns with the broader shift in modern dentistry toward minimally invasive, biologically driven procedures that prioritize tissue preservation, rapid healing, and patient-centered outcomes. (Setzer et al., 2010; Journal of Oral Research and Review, 2025)

 Key Elements of the Paradigm Shift	

1. Magnification and Illumination
The adoption of DOM and coaxial lighting has been foundational. It allows clinicians to visualize complex root anatomy, locate isthmuses, assess cracks, and perform conservative osteotomies with unparalleled accuracy—something impossible in traditional apical surgeries.

2. Biomaterials Revolution
Retrograde filling materials have evolved from amalgam and IRM to Mineral Trioxide Aggregate (MTA), Biodentine, and premixed bioceramic putties. These materials offer bioactivity, excellent sealing ability, and enhanced healing potential—creating a more favorable environment for periapical regeneration.

3. Microsurgical Techniques
Microsurgical flap designs (e.g., papilla preservation, Ochsenbein–Luebke), ultrasonic root-end preparations, and the use of resorbable sutures and membranes represent an anatomical and aesthetic shift in surgical philosophy. There is an emphasis on atraumatic handling, vascular preservation, and primary closure, especially in esthetic zones.

4. Advanced Imaging
The integration of cone beam computed tomography (CBCT) into pre-surgical planning has elevated diagnosis, treatment planning, and post-operative assessment. CBCT allows three-dimensional evaluation of root morphology, lesion extent, and anatomical risks—enhancing safety and precision.

Comparative Outcomes and Evidence-Based Validation
Meta-analyses by Setzer et al. (2010) and Tsesis et al. (2013) have clearly demonstrated that endodontic microsurgery achieves superior long-term outcomes compared to traditional surgery and, in many cases, even nonsurgical retreatment—especially in complex or obstructed cases. This repositions EMS from a “last resort” option to a viable, front-line intervention when orthograde treatment is not feasible. (Tsesis et al., 2009)

Biological and Regenerative Perspective
Endodontic microsurgery is no longer limited to root resection and sealing; it embraces biological principles of regeneration. The use of bone grafts, guided tissue regeneration (GTR) membranes, and even biologics like platelet-rich fibrin (PRF) is making regenerative periapical surgery a reality. Healing is no longer just scar tissue,it is now about restoring original architecture and function. (Karkle et al., 2025; Sidiropoulos et al., 2019)

Patient-Centered Benefits:
Modern EMS is characterized by:
· Shorter chair-time
· Minimal postoperative discomfort
· Faster healing
· High patient satisfaction
This shift aligns with broader healthcare trends favoring outcome predictability, minimally invasive approaches, and esthetic preservation.



Conclusion
Endodontic microsurgery has evolved into a precise, predictable procedure that effectively manages cases where nonsurgical therapy fails or is contraindicated. The integration of magnification, illumination, modern instruments, and biomaterials has significantly improved treatment outcomes, establishing microsurgery as an indispensable tool in contemporary endodontics.
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