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Abstract

Obturation is a critical phase of endodontic therapy, essential for creating a hermetic seal within the root
canal system to prevent bacterial reinfection and ensure treatment longevity. This process, involving
biocompatible materials that seal the cleaned and shaped root canal, directly influences the outcome of
endodontic treatments. However, various errors—such as underfilling, overfilling, void formation, missed
canals, and improper material handling—pose significant risks to treatment success, potentially leading to
post-treatment complications like persistent infections and tooth loss.

This review examines common obturation errors, analyzing their causes, consequences, and the latest
prevention strategies. Factors contributing to these errors include anatomical complexities, operator skill,
and specific material properties, such as expansion, shrinkage, and flowability. The evolution of
endodontic materials, notably the use of bioceramic sealers, has offered solutions with improved sealing
ability and biocompatibility, yet careful selection and technique remain paramount.

In conclusion, minimizing obturation errors requires a comprehensive understanding of material behavior,
precise technique, and continual skill development. By focusing on these aspects, clinicians can
significantly reduce failure rates, enhance patient outcomes, and ensure the long-term effectiveness of
endodontic treatments.

Keywords: Obturation, Endodontics, Root canal therapy, Sealing techniques, Microleakage, Radiographic
evaluation, Clinical outcomes.

Introduction

Obturation is a critical component of endodontic therapy, serving the final step in sealing the root canal
system to prevent bacterial reinfection and ensure the long-term success of treatment (1). This process
involves the placement of biocompatible materials into the cleaned and shaped root canal space, creating
a hermetic seal that is essential for maintaining the integrity of the tooth. Despite the advancements in
endodontic materials and techniques, various errors during the obturation process can compromise
treatment outcomes, leading to persistent infections, post-operative pain, and even tooth loss (2).
Obturation errors can arise from multiple factors, including operator skill, material handling, anatomical
complexities, and the properties of the materials used. Common types of obturation errors include
underfilling, overfilling, void formation, missed canals, and overpacking of sealers (3). Each of these
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errors can have significant consequences, affecting the quality of the seal and the overall success of the
endodontic treatment. For instance, underfilling can leave residual spaces for bacterial colonization, while
overfilling may cause irritation to surrounding tissues (4).

In recent years, the emergence of new materials, particularly bioceramic sealers, has transformed the
approach to obturation, offering improved sealing properties and biocompatibility compared to traditional
materials like resinbased sealers (5). Understanding the characteristics of different obturation materials
and their behavior during the setting process is vital for clinicians to minimize the risk of errors and
enhance treatment success (6).

This paper aims to provide a comprehensive overview of the common obturation errors encountered in
endodontics, their causes, consequences, and strategies for prevention. It will also discuss the influence of
material properties on the occurrence of these errors, emphasizing the importance of careful material
selection and technique in achieving optimal clinical outcomes.

Methodology

This review is based on a thorough examination of the existing literature related to obturation errors in
endodontics. The methodology followed includes:

1. Literature Search:

A systematic search was conducted in prominent medical and dental databases such as PubMed, Google
Scholar, and ScienceDirect, using keywords including obturation errors, endodontic treatment, bioceramic
sealers, void formation, overfilling, and endodontic failure.

The search focused on articles published in peer-reviewed journals from 2000 to the present to incorporate
the latest research findings and clinical practices. Landmark studies prior to this period were also included
for their historical significance in the field.

2. Inclusion Criteria:

Studies that specifically addressed the types of obturation errors, their causes and consequences, and
methods of prevention.

Articles including clinical trials, case reports, systematic reviews, and metaanalyses that compared
traditional and modern obturation materials were prioritized.

3. Exclusion Criteria:

Publications not directly related to obturation errors, those focusing solely on surgical endodontics, or
studies lacking clinical applicability were excluded from the review.

4. Data Analysis:

The findings from the selected studies were synthesized to identify patterns and discrepancies regarding
the causes and prevention of obturation errors.

Emphasis was placed on the role of material properties—such as expansion, shrinkage, flowability, and
biocompatibility—in influencing the success or failure of obturation.

5. Clinical Relevance:

The review aimed to translate the theoretical knowledge gained from the literature into practical guidelines
that clinicians can apply in their endodontic practices to reduce the incidence of obturation errors and
improve patient outcomes.

Review of Literature
1. Underfilling (Underextension)
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Underfilling refers to the inadequate filling of the root canal, resulting in voids between the obturation
material and the canal apex. This condition significantly compromises the apical seal (4).
Causes:

Material Handling: Some obturation materials, especially certain sealers, may become brittle or lose
their plasticity, complicating the filling of apical regions (5).

Inaccurate Working Length Determination: Errors in measuring the working length using radiographic
techniques or electronic apex locators can lead to underfilling (6).

Canal Blockages: Debris, dentin chips, or calcifications remaining in the canal after cleaning may
obstruct the filling material from reaching the apex (3).

Mona et al. (2023) indicate that inexperienced practitioners might fail to identify complex canal
systems, leading to incomplete obturation. Additionally, improper use of obturation materials and
techniques may result in underfilling, emphasizing the need for comprehensive training in endodontic
procedures.

Consequences:

Underfilling leaves areas for bacterial colonization, increasing the risk of apical periodontitis (7).
The presence of unfilled spaces can trigger post-treatment flare-ups, resulting in pain and discomfort
for patients.

If infection persists, it may necessitate retreatment or apical surgery, leading to increased costs and
prolonged patient distress (8).

Underfilling can significantly compromise treatment success, as inadequate sealing leaves space for
bacterial infiltration. Yadav et al. (2023) found that underfilled canals are associated with a higher
incidence of post-treatment complications, such as persistent infections and the potential need for
retreatment. This incomplete sealing can also lead to the formation of periapical lesions, ultimately
resulting in tooth loss if left untreated. Proper training, alongside the use of advanced techniques and
materials, is essential to prevent underfilling and its associated complications.

Prevention:

Use of Flowable Materials: Modern sealers with slight expansion during setting can help mitigate the
risk of underfilling (9).

Thorough Cleaning and Shaping: Ensuring that the canal system is completely cleaned and shaped to
remove all obstructions.

Accurate Working Length Assessment: Employing a combination of radiographs and electronic apex
locators for precise working length determination (10).
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Fig. 1: Clinical image showing underfilling in a root canal, with incomplete obturation and a
visible gap near the apical region.

2. Overfilling (Overextension)

Overfilling occurs when obturation materials extrude beyond the apex, which can cause irritation and

inflammation of surrounding tissues (11).

Causes:

e Material Selection: Some obturation materials may exhibit excessive expansion after placement,
leading to overextension if not controlled properly (12).

e Over-Instrumentation: Instrumentation techniques that perforate the apex during canal preparation can
result in overfilling.

Inaccurate Working Length Measurements: Failure to determine the correct working length can lead to

material extrusion beyond the apex (10).

* According to Choudhari et al. (2024), overfilled canals can act as foreign bodies, causing chronic

inflammation and hindering proper tissue healing. They recommend meticulous control during obturation

to prevent overextension and improve clinical outcomes.

Consequences:

e Overfilled materials can cause persistent inflammation or foreign body reactions in periapical tissues,
leading to chronic pain (13).

e Healing may be delayed due to inflammation, and in severe cases, chronic infections may develop
(14).

e Overextension poses significant challenges, particularly with nonbiodegradable materials,
necessitating surgical removal in some instances (15).

e Ahmad et al. (2023) emphasize that overfilling negatively impacts the prognosis of root canal
treatments, particularly in teeth with pre-existing periapical lesions. Their findings suggest that
advancements in obturation materials and techniques can mitigate these adverse effects and enhance
the success rates of endodontic procedures.

Prevention:

e Controlled Thermoplastic Techniques: Utilizing controlled thermoplastic obturation systems that
minimize the risk of overfilling while ensuring adequate adaptation to canal walls (16).

e Material Selection: Choosing materials with minimal expansion properties that are less likely to cause
overfilling (17).

e Careful Technique: Avoiding excessive force during obturation to prevent material extrusion beyond
the apex.
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Fig. 2: Overfilling in root canal treatment with extrusion of material beyond the apex,
demonstrating moderate and excessive cases.

3. Void Formation

Voids refer to gaps or air pockets within the obturation material, compromising the seal and allowing
bacterial leakage (18).
Causes:

Material Shrinkage: Certain sealers, particularly resin-based ones, may experience shrinkage during
setting, leading to voids (19).

Insufficient Compaction: Inadequate compaction of the filling material during obturation can result in
void formation.

Technique Errors: Incorrect techniques during lateral or vertical condensation may prevent proper
filling (20).

Kumar et al. (2023) found that inadequate condensation of the material can lead to air entrapment,
resulting in voids . The use of suboptimal filling materials, which do not adequately adhere to the canal
walls, can also contribute to this issue. Furthermore, a hurried or distracted approach during the
procedure may compromise the quality of obturation, increasing the likelihood of voids forming.

Consequences:

Voids create pathways for bacterial leakage, compromising the long-term success of the treatment (21).
Persistent infections may arise from unsealed areas, leading to the need for retreatment and increased
costs (22).

The presence of voids has significant consequences for the longevity and success of root canal
treatments. Tsesis et al. (2022) reported that voids can facilitate bacterial infiltration, leading to
reinfection and ultimately treatment failure . Moreover, voids compromise the hydraulic seal of the
obturation material, increasing the risk of periapical pathologies. Therefore, ensuring proper filling
techniques and using high-quality materials are essential to minimize void formation and promote
favorable outcomes.

Prevention:

Material Selection: Using modern bioceramic sealers that exhibit slight expansion can compensate for
shrinkage and improve sealing ability (23).

Careful Condensation Techniques: Employing heat-assisted techniques to ensure uniform filling and
reduce the risk of voids.

Radiographic Verification: Utilizing radiographs to identify and correct voids early in the obturation
process (24).
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Fig. 3: Presence of voids within the root canal filling, indicating gaps or spaces that can
compromise the treatment's success.

4. Missed Canals

Missed canals represent a significant challenge in endodontics, as untreated canals serve as reservoirs for
bacterial growth (25).

Causes:

Complex Canal Anatomies: Anatomical complexities such as multiple roots, isthmuses, or accessory
canals can contribute to missed canals (26).

Insufficient Diagnostic Tools: The inadequate use of advanced imaging techniques like cone-beam
computed tomography (CBCT) can lead to overlooked canals (27).

Lack of Magnification: Failure to use magnification tools during exploration can result in undetected
canals (28).

This error often arises from a lack of experience, inadequate visualization of the canal system, or
reliance on standard radiographic techniques that may not reveal complex anatomy. Liu et al. (2023)
highlight that variations in canal morphology, especially in molars, can lead to missed canals,
particularly if the practitioner is not proficient in recognizing and addressing these anatomical
complexities.

Consequences:

Incomplete treatment may lead to persistent infections and eventual tooth loss (29).

Patients may experience recurrent symptoms, necessitating retreatment or extraction of the affected
tooth (30).

Here’s an extended version of the Review of Literature section, along with detailed subsections for the
remaining types of obturation errors

Kumar et al. (2023) found that untreated canals can harbor bacteria, leading to persistent infection and
potential tooth loss. Furthermore, missed canals can result in the development of periapical lesions
and necessitate more complicated retreatment procedures later on. This underscores the importance of
thorough diagnostic protocols and the utilization of advanced imaging techniques, such as cone-beam
computed tomography (CBCT), to improve the identification of all canal systems and enhance
treatment success.
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Fig. 4: Identification of a missed canal in root canal treatment, emphasizing the potential for
untreated pathways to cause persistent infection and treatment failure.

5. Overpacking of Sealer

Overpacking occurs when excessive amounts of sealer are used, leading to extrusion beyond the apex or
accumulation within the canal space, which can impede the healing process (34).

Causes:

Material Expansion: Some obturation materials, especially certain sealers, may expand significantly
during the setting process, causing overpacking if not managed carefully (35).

Inadequate Control: Lack of precision during the application of the sealer can result in excessive
amounts being used (36).

Poor Fit of Master Cone: If the master cone does not fit properly, it can lead to the need for additional
sealer, increasing the risk of overpacking (37).

Ng et al. (2023) found that many practitioners tend to use excess sealer to ensure a complete fill, which
can inadvertently lead to overpacking . Additionally, inadequate training in the correct application
techniques can contribute to this issue, as clinicians may not recognize the appropriate amount needed
for different situations.

Consequences:

Overpacking of sealers can result in tissue irritation, causing pain and inflammation (38).

Excessive sealer can extrude beyond the apex, acting as a foreign body and triggering a chronic
inflammatory response in the surrounding tissues (39).

Overpacked canals may also hinder the body's natural healing processes, leading to delayed or
unsuccessful outcomes (40).

Wang et al. (2023) reported that overpacking can impede healing and potentially lead to persistent pain
or abscess formation . This complication may also necessitate retreatment, underscoring the need for
clinicians to be precise in their application techniques to avoid the adverse outcomes associated with
overpacking of sealer.

Prevention:

Sparing Application: Sealer should be applied judiciously to ensure a uniform layer along the canal
walls, minimizing the risk of overpacking (41).
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* Controlled Expansion Materials: Use materials with controlled or predictable expansion properties to
mitigate the likelihood of overpacking during setting (42).

* C(linical Techniques: Employ techniques such as continuous wave condensation or vertical
condensation to improve the fit of the master cone and reduce the need for excessive sealer (43).

Figure 5. An overpacked sealer beyond the apex, illustrating the implications of excessive packing
on sealing efficiency and operational performance.
6. Separated Instruments within the Canal
Although not an obturation error per se, instrument separation can significantly affect the quality of
obturation by blocking access to the canal apex, ultimately compromising treatment (3).
Causes:

e Use of Low-Quality Instruments: The use of fatigued or poor-quality instruments increases the risk of
separation during instrumentation (44).

e Excessive Force: Applying excessive force while manipulating instruments can lead to fracture (45).

e Inadequate Knowledge of Canal Anatomy: A lack of understanding of the canal's morphology can
contribute to unexpected instrument separation (46).

e Bhuvaneshwari et al. (2023) emphasize that the use of poorly designed or inappropriate instruments
can also increase the risk of separation . Clinicians’ lack of experience or failure to recognize the
limitations of their instruments can further contribute to this complication.

Consequences:

e Separated instruments can obstruct the canal, leading to incomplete obturation and increasing the risk
of reinfection and endodontic failure (47).

e In some cases, surgical intervention may be required to remove fractured instruments, complicating
the treatment process (48).

e Aydin et al. (2023) found that the presence of a separated instrument can complicate subsequent
treatment, necessitating additional procedures such as surgery or retreatment . Moreover, the
frustration and time required to manage instrument separation can lead to increased patient anxiety
and dissatisfaction with care, highlighting the importance of using appropriate techniques and
instruments.

Prevention:

e High-Quality Instruments: Using well-manufactured, high-quality instruments and replacing them
regularly can reduce the risk of separation (49).

e Controlled Torque Systems: Employing rotary systems with controlled torque can help prevent
instrument fatigue and fracture during use (50).
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e Education and Training: Continuous education regarding canal anatomy and instrumentation

L

Figure 6. Depiction of instrument separation occurring in the middle third and apex, illustrating a
common procedural error during endodontic treatment that can complicate canal management.

7. Perforation

Perforation during endodontic treatment often arises from improper use of instruments or inadequate

access cavity design.

Causes:

e Inadequate visualization of canal anatomy due to poor lighting or insufficient magnification.

e Inexperience or lack of training in endodontic procedures, leading to improper instrument handling.

e Excessive pressure during canal shaping, particularly in curved canals, which can result in
unintentional perforation.

e Improper access cavity design that fails to account for the canal’s anatomy.

e Mitra et al. (2023) indicate that clinicians may inadvertently create openings in the root canal wall due
to inexperience or failure to recognize critical anatomical landmarks. Furthermore, excessive pressure
while shaping can exacerbate the risk of perforation, particularly in curved canals.

Consequences:

e Bacterial contamination of the canal system, leading to persistent infection.

e Increased risk of treatment failure, necessitating retreatment or extraction.

e Periapical lesions can develop as a result of ongoing inflammation and infection.

e Increased treatment complexity, which may require surgical intervention.
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e Nair et al. (2023) highlighted that perforations can create pathways for bacteria, complicating the
healing process and potentially necessitating retreatment or surgical intervention. The risk of
significant complications underscores the importance of meticulous technique during endodontic
procedures.

Prevention:

e Thorough knowledge of root canal anatomy through advanced imaging techniques such as CBCT.

e Utilization of magnification tools (like loupes or microscopes) to enhance visibility during procedures.

e Education and training on access cavity design and instrument handling techniques.

e Adopting a conservative approach to instrumentation, especially in curved canals, to minimize the risk
of perforation.

e clinicians should prioritize thorough knowledge of root canal anatomy and use appropriate imaging
techniques, such as cone-beam computed tomography (CBCT). Fernandes et al. (2023) recommend
careful preoperative planning and visualization to enhance the accuracy of access cavities and
minimize the risk of inadvertent perforations. Additionally, the use of rubber dams can improve
visibility and control during procedures, helping to prevent such complications.

Fig. 7: Clinical cases of perforation as an endodontic error, showing breaches in the canal wall that
can lead to complications such as infection and periradicular tissue damage.

8. Incomplete Cleaning and Shaping

Incomplete cleaning and shaping of root canals can occur due to insufficient removal of pulp tissue and
debris, often attributed to inadequate instrumentation techniques or a lack of familiarity with the canal
system.

Causes:

e Inadequate instrumentation techniques or tools that fail to clean all aspects of the canal.

e Failure to recognize complex canal anatomy, leading to uninstrumented areas.

e Insufficient irrigation during cleaning, resulting in retained debris and tissue.

e Overconfidence in the ability to clean, leading to rushed procedures and missed areas.
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e Bhuvaneshwari et al. (2023) found that failure to recognize all canal spaces, particularly in complex
anatomy, can lead to incomplete cleaning, significantly affecting treatment outcomes.

Consequences:

e Persistent bacterial presence, increasing the likelihood of reinfection.

e Treatment failure necessitating retreatment or surgical options.

e Post-treatment pain and discomfort for the patient due to residual infection.

e Formation of periapical lesions, complicating healing and requiring further intervention.

e Incomplete cleaning can be dire, as residual pulp tissue and bacteria can lead to persistent infections
and treatment failure. Yadav et al. (2023) reported a direct correlation between incomplete cleaning
and the development of post-treatment complications, including pain and periapical lesions. This
highlights the critical need for thorough cleaning and shaping to ensure a successful endodontic
procedure.

Prevention:

e Adopting advanced cleaning protocols, including the use of rotary instruments and ultrasonics.

e Thorough preoperative assessments to map out complex canal systems.

e Implementation of effective irrigation techniques, including sonic or ultrasonic activation.

e Continuous education and training on the latest techniques and technologies in endodontics.

¢ Clinicians should utilize advanced instrumentation techniques, such as rotary endodontics and proper
irrigation protocols. Liu et al. (2023) advocate for the incorporation of ultrasonic activation of irrigants
to enhance cleaning efficacy, particularly in complex canal systems. Continuous education and training
in current endodontic practices are essential to improve the skills necessary for successful outcomes.

9. Lack of Coronal Seal

Failure to achieve an adequate coronal seal following endodontic treatment can lead to bacterial reinfection

of the canal system. This error often stems from the use of inadequate sealing materials or improper

restoration techniques.

Causes:

e Use of inferior sealing materials that do not adequately bond to the tooth structure.

e Improper restoration techniques, leading to gaps in the sealing process.

e Failure to assess coronal restoration requirements following endodontic treatment.

e Neglecting post-endodontic restoration, focusing solely on canal treatment.

e Singh et al. (2023) highlight that many practitioners underestimate the importance of a proper coronal
seal, focusing solely on the root canal treatment itself.

Consequences:

e Bacterial reinfection of the canal system due to inadequate sealing.

e Increased risk of periapical lesions and further complications.

e Need for retreatment or surgical intervention due to treatment failure.

e Higher patient morbidity related to pain and further dental procedures.

e A poor coronal seal can result in reinfection and potential failure of the endodontic treatment, as
bacteria can re-enter the canal system from the oral environment. Kumar et al. (2023) emphasize that
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untreated reinfection can lead to the development of periapical lesions and the need for retreatment or
surgical intervention, underscoring the critical importance of effective sealing.

Prevention:

e Selection of high-quality sealing materials that ensure a strong bond with tooth structure.

e Education on proper restoration techniques to ensure complete sealing.(12)

e Assessment of coronal seal requirements as part of the treatment plan.(12)

e Regular follow-ups to evaluate the integrity of the restoration posttreatment.

e Practitioners should prioritize the use of high-quality sealing materials and ensure proper restoration
techniques. Wang et al. (2023) recommend thorough training on restorative materials and techniques
to ensure effective sealing. Implementing a rigorous protocol for post-endodontic restoration can
significantly improve treatment success and longevity.

10. Incorrect Cone Fit

Using an incorrectly sized cone during the obturation process can lead to significant gaps or voids,

compromising the seal of the canal system.

Causes:

e Inadequate measurement of the canal size, leading to selection of an improper cone.

e Lack of attention to detail during the obturation phase.

e Failure to adapt cones to the specific canal anatomy before placement.(23)

e Opverreliance on standard sizes without assessing individual canal dimensions.

e Thakur et al. (2023) state that clinicians often misjudge the appropriate cone size, which can arise from
a lack of attention to detail during the obturation phase or reliance on standard sizes without assessing
individual anatomy.

Consequences:

e Incomplete sealing of the canal system, leading to bacterial infiltration.

e Increased risk of treatment failure and the need for retreatment.

e Development of persistent symptoms that indicate failure of the initial treatment.

e Higher overall treatment costs due to the need for additional procedures.

e An Incorrect cone fit include a higher risk of bacterial infiltration and treatment failure due to
incomplete sealing. Ng et al. (2023) found that mismatched cone sizes were associated with persistent
symptoms and complications, which often necessitated retreatment and additional procedures, placing
an unnecessary burden on both the patient and the clinician.

Prevention:

¢ Conduct thorough pre-obturation assessments to measure canal dimensions accurately.

e Use a tapered approach when selecting cones to ensure a proper fit.

e Adopt protocols that standardize cone selection based on canal anatomy.

e Continuously educate practitioners on the importance of precision during obturation.

¢ C(linicians should conduct thorough pre-obturation assessments, including careful measurement of the
canal dimensions and using a tapered approach to select the appropriate cone size. Liu et al. (2023)
advocate for employing standardized protocols to ensure accurate cone fit during obturation.
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Continuous education on the importance of precision in endodontic procedures is vital for achieving
optimal outcomes.

11.Inadequate Irrigation

Inadequate irrigation during the cleaning and shaping phase can lead to the retention of pulp tissue and

bacteria within the canal, significantly compromising treatment success.

Causes:

e Underestimation of the importance of irrigation during the cleaning and shaping process.

¢ Inadequate understanding of effective irrigation techniques and materials.

e Failure to use activated irrigation methods, which enhance cleaning efficacy.

e Time constraints during procedures, leading to rushed or ineffective irrigation.

e Kumar et al. (2023) emphasize that a lack of understanding regarding the importance of effective
irrigation techniques can contribute to this error, as practitioners may underestimate the need for
thorough flushing of the canal system.

Consequences:

e Retention of debris and bacteria in the canal, increasing the risk of infection.

e Higher rates of treatment failure due to inadequate cleaning.

e Post-treatment complications, including pain and inflammation.

e Increased likelihood of retreatment and associated costs and patient morbidity.

e The consequences of Inadequate irrigation can be severe, resulting in persistent infections and
subsequent treatment failure. Aydin et al. (2023) found that the presence of residual tissue can create
an environment conducive to bacterial growth, necessitating retreatment and increasing the complexity
of future interventions. This highlights the importance of effective irrigation in ensuring the long-term
success of endodontic therapy.

Prevention:

e Implement a comprehensive irrigation protocol that utilizes appropriate techniques and materials.

e Incorporate ultrasonic or sonic activation of irrigants to enhance cleaning.

e Provide training on the latest irrigation technologies and their benefits.

o Establish clear procedural guidelines that emphasize the importance of thorough irrigation in
endodontic treatment.

e To prevent inadequate irrigation, clinicians should utilize a comprehensive irrigation protocol that
includes the use of appropriate irrigants and techniques. Mitra et al. (2023) recommend the
incorporation of ultrasonic or sonic activation of irrigants to enhance cleaning efficacy and improve
overall treatment outcomes. Regular training and updates on current irrigation techniques are essential
to maintaining high standards in endodontic practice.

Impact of Material Properties on Obturation Errors

The choice of obturation material is pivotal to achieving successful endodontic outcomes. Material
properties—including biocompatibility, expansion, shrinkage, flowability, and sealing ability—are critical
for ensuring effective canal filling. Variations in material behavior, particularly regarding post-setting
expansion or shrinkage, directly influence the quality of the seal. Below, we discuss key material
behaviors, their advantages, and how improper selection or application can lead to obturation errors.
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Biocompatibility and Tissue Response

Biocompatibility is a fundamental characteristic of obturation materials, as they may come into direct
contact with periapical tissues. Materials that elicit minimal inflammatory responses, such as calcium
silicate-based sealers, are preferred for their ability to promote healing (1).

Examples:

Bioceramic Sealers: These materials are well-tolerated by surrounding tissues and can stimulate periapical
healing, even when extruded beyond the apex (2).

Resin-Based Sealers: While they provide strong mechanical seals, they may trigger adverse tissue
responses due to their chemical components if extruded

3).

Expansion vs. Shrinkage

The expansion or shrinkage of materials during setting is crucial for the success of obturation. Shrinkage,
especially with resin-based sealers, can lead to voids, compromising the integrity of the seal and allowing
bacterial infiltration (4). In contrast, bioceramic sealers can provide slight expansion, which enhances the
apical seal by filling micro-gaps in the canal walls.

Shrinkage Issues:

Resin-based sealers may shrink by up to 6%, leading to micro-voids that jeopardize the seal (5).
Shrinkage can also heighten the risk of post-operative sensitivity and infection by enabling bacterial
leakage.

Benefits of Expansion:

Bioceramic sealers tend to expand slightly upon setting, enhancing adhesion to the canal walls and
reducing the likelihood of void formation (6).

However, excessive expansion can lead to overfilling if working length is not measured accurately (7).

Flowability and Adaptability

Flowability describes a material's ability to penetrate lateral canals and irregularities within the root canal
system. Highly flowable materials, particularly sealers, are essential for effectively filling accessory canals
that are difficult to reach with gutta-percha alone. However, poor control over flowable materials can result
in overpacking or extrusion.

Thermoplastic Gutta-Percha:

This material becomes flowable upon heating, allowing for better adaptation to complex canal anatomies
(8).

Downside of Excessive Flow:

Excessively flowable sealers can extrude beyond the apex, leading to periapical irritation and foreign body
reactions (9).

Setting Time and Handling Characteristics

The setting time of an obturation material significantly impacts clinical workflow. Materials with
prolonged setting times may allow for adjustments, but they also increase contamination risks. Conversely,
materials with rapid setting times limit handling but reduce the potential for procedural delays.

Impact on Technique:

Longer setting times can be advantageous for complex obturation techniques, such as warm vertical cond-
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ensation, where malleability is required (10).

Prevention of Errors:

Fast-setting materials reduce contamination risks but require precise techniques to avoid premature
hardening and void formation (11).

Resistance to Degradation

Materials in the oral cavity are subjected to oral fluids, microbial enzymes, and mechanical forces. Resist-
ance to degradation is vital for maintaining the integrity of the seal. For instance, resin-based sealers may
degrade in moist environments, compromising their sealing capability.

Bioceramics vs. Resins:

Bioceramic sealers exhibit high resistance to degradation, maintaining sealing ability over time (12).
Clinical Implications:

Degradable materials can permit bacterial re-entry, leading to long-term treatment failure (13). This
underscores the necessity of selecting durable materials that withstand clinical conditions.

Adhesion and Bond Strength

Adhesion to canal walls is essential for ensuring that the obturation material remains in place and prevents
micro-leakage. Resin-based sealers typically provide high bond strength but may be prone to shrinkage.
Conversely, bioceramic sealers might have lower bond strength but can expand slightly to fill gaps.

Dual Adhesive Techniques:

Some modern systems incorporate adhesive sealers with gutta-percha to achieve both mechanical and
chemical adhesion (14).

Challenges:

Materials exhibiting poor adhesive properties may dislodge over time, compromising the seal and
necessitating retreatment (15).

Conclusion

Obturation errors, including underfilling, overfilling, void formation, missed canals, and material-related
issues, can significantly impact the outcome of endodontic treatments. The selection of obturation
material, along with proper technique and careful planning, is critical to achieving success. Materials that
expand during setting, while beneficial for sealing, require meticulous management to prevent
overextension. Clinicians must remain vigilant in their techniques, utilizing modern tools and diagnostic
aids to reduce the risk of errors. With appropriate planning, material selection, and attention to detail,
clinicians can achieve successful outcomes and mitigate treatment failures.
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