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ABSTRACT

Objective: To review the advancements in root canal shaping techniques within the framework of
minimally invasive endodontics (MIE) and to evaluate their impact on patient outcomes and treatment
efficacy.

Materials and Methods: This review synthesizes recent literature on root canal shaping, focusing on
the evolution of techniques and instrumentation, including rotary and reciprocating systems. The use of
cone-beam computed tomography (CBCT) in facilitating minimally invasive approaches is also discussed.
Results: MIE emphasizes the preservation of natural tooth structure, shifting away from traditional
methods that prioritize extensive dentin removal. Advances in rotary and reciprocating instrumentation
have enhanced the ability to shape canals conservatively while maintaining effective disinfection. CBCT
imaging aids in accurate assessment of canal anatomy, thus supporting minimally invasive practices.
Discussion: The implementation of MIE poses challenges, particularly in achieving thorough canal
disinfection without excessive dentin removal. Despite these challenges, studies indicate improved long-
term outcomes for teeth treated with minimally invasive techniques, reducing the risk of fractures and
enhancing tooth longevity.

Conclusion: Minimally invasive endodontics represents a significant evolution in root canal shaping,
balancing the need for effective treatment with the preservation of tooth integrity. Ongoing advancements
in technology and techniques are expected to further optimize outcomes in endodontic therapy.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

IntroductionRoot canal therapy is
endodontic practice, designed to manage dental pulp
diseases and preserve the natural tooth. Traditionally, the

leading to the extensive removal of tooth structure.
However, this approach has raised concerns regarding the
long-term integrity of the remaining tooth, as excessive
dentin removal can significantly increase the risk of
fractures and other structural failures. -2

a cornerstone of

primary objective of root canal treatment has been to
achieve complete canal disinfection and shaping, often
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1.1. Historical context: Evolution of endodontic
techniques

The evolution of endodontic practice has been significantly
shaped by technological advancements and a better
understanding of tooth biology. In the early 20th century,
root canal therapy was performed using rudimentary tools,
often resulting in imprecise shaping and disinfection. The
development of stainless-steel files in the mid-20th century
allowed for more standardized root canal preparation, but
these files were rigid, increasing the risk of procedural errors
such as ledging, transportation, or perforation.

In recent years, a paradigm shift has emerged within the
field of endodontics: minimally invasive endodontics (MIE).
This approach is guided by the principle of preserving as
much of the natural tooth structure as possible while still
achieving effective treatment outcomes. MIE recognizes
that healthy dentin plays a critical role in the strength
and longevity of the tooth, prompting a re-evaluation of
traditional techniques that prioritize complete removal of
infected or necrotic tissue. The focus is now on the selective
and strategic shaping of root canals that maintains the
integrity of the tooth.3™

The evolution of root canal shaping techniques has
been significantly influenced by advancements in materials
and technology. The introduction of nickel-titanium (NiTi)
rotary instruments has revolutionized endodontic practice,
offering enhanced flexibility and the ability to navigate
complex canal systems without excessive dentin loss.
Similarly, reciprocating systems have emerged as a valuable
alternative to traditional rotary techniques, allowing for
efficient shaping with reduced risk of instrument fracture
and procedural errors. *7

Moreover, the advent of cone-beam computed
tomography (CBCT) has transformed the way clinicians
visualize and understand root canal anatomy. This
imaging technology provides detailed three-dimensional
representations of the tooth structure, enabling practitioners
to plan and execute treatment with greater precision. By
improving the understanding of canal morphology, CBCT
supports the implementation of MIE principles by allowing
for more conservative shaping and thorough disinfection of
the canal system. 310

Despite the evident benefits of MIE, its implementation
presents  several challenges. Achieving adequate
disinfection in narrower canal systems without
compromising the integrity of the remaining tooth
structure is a primary concern. Furthermore, the steep
learning curve associated with new instrumentation and
techniques can deter some practitioners from fully adopting
these principles. !

This review aims to explore the current trends in root
canal shaping within the context of minimally invasive
endodontics, examining the advantages and challenges
associated with this approach. By highlighting the recent
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advancements in instrumentation and imaging technology,
we seek to provide insights into the future of root canal
therapy, where the preservation of tooth structure and
effective treatment outcomes coexist harmoniously.

2. Discussion

2.1. The philosophy of minimally invasive endodontics
(MIE)

Minimally invasive endodontics represents a shift in
the philosophy of root canal treatment, emphasizing the
preservation of natural tooth structure. The rationale behind
MIE stems from the understanding that excessive dentin
removal weakens the tooth and increases the risk of
structural failure. By maintaining the strength and integrity
of the tooth through strategic canal shaping, MIE aims to
enhance long-term treatment outcomes.

MIE promotes the idea that less invasive approaches
can lead to improved tooth longevity by minimizing the
risk of fractures and maintaining the tooth’s ability to
withstand occlusal forces. The selective removal of infected
or necrotic tissue, rather than aggressive shaping of the
entire canal system, is a key component of this approach.
MIE seeks to strike a balance between effective canal
cleaning and the preservation of healthy dentin, ultimately
leading to better patient outcomes. !>

2.2. Advancements in root canal tnstrumentation

2.2.1. The evolution of minimally invasive Endodontics
2.2.1.1. Shift in philosophy. The philosophy of minimally
invasive endodontics marks a significant departure from
traditional root canal treatment approaches, which often
prioritized complete canal disinfection and extensive
shaping. Excessive dentin removal, a hallmark of
conventional approaches, weakens the tooth, making
it more prone to fractures. Over time, clinicians and
researchers have realized that preserving as much natural
tooth structure as possible is critical for long-term success.

MIE embodies a patient-centered approach, where the
emphasis lies on maintaining the tooth’s structural integrity
while still achieving clinical objectives such as effective
cleaning and shaping. By selectively removing only the
infected or necrotic tissue and maintaining as much of
the healthy dentin as possible, MIE minimizes the risk
of fracture and enhances the tooth’s ability to withstand
everyday occlusal forces. The selective shaping of the canal,
rather than aggressive enlargement, is a defining feature of
this approach.

2.3. Importance of dentin preservation

Dentin, the calcified tissue that forms the bulk of the tooth,
is essential to the tooth’s overall strength and resistance
to stress. Excessive removal of dentin during root canal
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therapy significantly weakens the tooth, increasing the risk
of structural failure under functional loads. The preservation
of healthy dentin is, therefore, central to the principles of
MIE. Studies have shown that by preserving more natural
tooth structure, MIE enhances tooth survival and improves
overall patient outcomes.

This growing understanding has led to the development
of new techniques and materials that prioritize dentin
conservation while still allowing for effective canal
disinfection. The goal is to strike a balance between
achieving thorough cleaning and maintaining tooth
integrity, a challenge that has spurred numerous innovations
in instrumentation and imaging.

2.4. Advancements in root canal instrumentation '3
2.4.1. Nickel-titanium (NiTi) rotary instruments

The introduction of NiTi rotary instruments revolutionized
root canal shaping by offering greater flexibility and
durability compared to traditional stainless-steel files. NiTi
files possess shape memory and superelasticity, allowing
them to navigate the complex curvatures of root canal
systems without causing excessive removal of dentin.
These properties make NiTi instruments ideal for the more
conservative shaping required by MIE.

The flexibility of NiTi instruments allows clinicians to
maintain the original canal anatomy, reducing the risk of
procedural errors such as ledging or transportation. By
preserving the natural shape of the canal, these instruments
enable more effective disinfection while minimizing the
amount of dentin removed.

2.4.2. Reciprocating systems
Reciprocating instrumentation is an alternative to traditional
rotary systems and has gained popularity in recent years
due to its ability to reduce stress on both the instrument
and the tooth. Reciprocating files alternate between
cutting and relaxing motions, which lowers the risk of
instrument fracture and procedural mishaps. This technique
is particularly beneficial in minimally invasive endodontics,
where preserving tooth structure is paramount.
Reciprocating systems also allow for efficient canal
shaping while maintaining conservative dentin removal. The
combination of reciprocating motion and NiTi technology
enhances the instrument’s ability to follow the natural
curvature of the canal, reducing the risk of iatrogenic
damage and improving clinical outcomes.

2.4.3. Heat-treated NiTi instruments

Advancements in NiTi technology have further optimized
the instruments used in root canal shaping. Heat-treated
NiTi files are more resistant to cyclic fatigue and offer
greater flexibility compared to traditional NiTi instruments.
This increased flexibility allows for more conservative
shaping and safer navigation of curved or intricate canal
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systems, which is essential for MIE.

The durability of heat-treated files also enhances
their lifespan, reducing the need for frequent instrument
replacement and lowering the risk of instrument separation
during procedures. By improving the clinician’s ability
to shape canals conservatively and efficiently, heat-treated
NiTi instruments support the implementation of minimally
invasive techniques in a wide range of cases.

2.5. Cone-beam computed tomography (CBCT) in
minimally invasive endodontics

CBCT imaging has become an invaluable tool in
endodontics, particularly in the context of MIE. Traditional
two-dimensional radiographs often fail to provide sufficient
information about the complex anatomy of the root canal
system, leading to potential errors in treatment planning
and execution. CBCT, on the other hand, offers detailed
three-dimensional images of the tooth and surrounding
structures, allowing for more accurate assessments of canal
morphology.

One of the primary advantages of CBCT in MIE is
its ability to provide a comprehensive view of the tooth
without the need for extensive exploratory procedures.
This imaging technology enables clinicians to visualize
the entire canal system, including lateral canals, isthmuses,
and other anatomical variations that may not be visible on
traditional radiographs. By improving the understanding of
canal anatomy, CBCT supports the implementation of MIE
principles by allowing for more conservative canal shaping
and reducing the need for aggressive dentin removal.

CBCT has proven particularly beneficial in complex
cases, such as teeth with calcified canals, curved roots,
or unusual canal configurations. In these cases, CBCT
provides critical information that guides the clinician
in selecting the appropriate instrumentation and shaping
techniques, ultimately leading to more successful treatment
outcomes. '>16

2.6. Challenges in implementing minimally invasive
17,18

endodontics
2.6.1. Balancing disinfection and dentin preservation

One of the primary challenges in implementing MIE is
finding the right balance between achieving thorough canal
disinfection and preserving tooth structure. Narrower, more
conservative preparations can make it more difficult to
clean the entire canal system effectively, raising the risk of
residual bacteria and reinfection. This is particularly true in
cases with complex canal anatomy or severe curvature.

To address this challenge, clinicians must employ
advanced techniques and technologies, such as the use of
activated irrigation systems, sonic or ultrasonic instruments,
and adjunctive disinfecting agents. By combining these
tools with minimally invasive shaping techniques, it is
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possible to enhance the effectiveness of disinfection while
still preserving tooth structure.

2.6.2. Learning curve and adoption barriers

The adoption of minimally invasive techniques in
endodontics requires a significant shift in mindset and
clinical practice. Many practitioners are accustomed to
traditional shaping methods that involve more aggressive
dentin removal, and transitioning to MIE techniques may
involve a steep learning curve. The use of new rotary and
reciprocating systems, as well as the integration of CBCT
into treatment planning, requires additional training and
experience.

Moreover, the upfront costs associated with investing in
new technologies, such as CBCT machines and advanced
instrumentation, can be a barrier for some clinicians. While
the long-term benefits of MIE in terms of improved patient
outcomes are clear, the initial investment in time, training,
and equipment may deter some practitioners from fully
embracing this approach.

2.7. Impact of minimally invasive endodontics on
treatment outcomes

The adoption of MIE principles has had a positive impact on
treatment outcomes, particularly in terms of tooth survival
and longevity. By preserving more of the natural tooth
structure, MIE reduces the likelihood of post-treatment
fractures and enhances the tooth’s resistance to occlusal
forces. Studies have shown that teeth treated with minimally
invasive techniques are less prone to structural failure,
leading to improved long-term outcomes.

In addition to reducing the risk of fractures, MIE has
also been shown to enhance the overall success of root
canal treatment. Conservative canal shaping allows for more
precise instrumentation and disinfection, resulting in more
thorough removal of infected tissue and bacteria. This,
in turn, reduces the risk of reinfection and increases the
likelihood of successful treatment outcomes.

However, it is important to note that the success
of MIE depends on the ability to balance the goals
of tooth preservation with the need for effective canal
disinfection. While MIE emphasizes the importance of
maintaining healthy dentin, it is crucial to ensure that the
canal is adequately cleaned to prevent treatment failure.
Achieving this balance requires careful treatment planning,
precise instrumentation, and the use of advanced imaging
technology, such as CBCT. 120

2.8. Future directions in minimally invasive
endodontics

As technology continues to advance, the future of MIE looks
promising. Further developments in imaging technologies,
such as dynamic navigation systems that integrate real-
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time imaging with treatment execution, may enhance the
precision of minimally invasive procedures. Advances in
materials science, including the development of more
biocompatible and durable obturation materials, could also
improve the long-term outcomes of endodontic treatments.
Moreover, the increasing integration of artificial
intelligence (AI) in dental practice is likely to impact
MIE significantly. Al algorithms capable of analyzing
CBCT images and predicting the most effective treatment
plans could help streamline the decision-making process,
enabling clinicians to adopt MIE more effectively.?!

3. Conclusion

Minimally invasive endodontics (MIE) marks a
transformative shift in root canal therapy, emphasizing
the preservation of natural tooth structure while
ensuring effective treatment outcomes. As the field
of endodontics continues to evolve, the integration
of advanced technologies and instrumentation has
proven instrumental in facilitating this paradigm shift.
The adoption of nickel-titanium (NiTi) rotary and
reciprocating systems allows clinicians to navigate
complex canal anatomies with reduced risk of dentin loss,
fostering a conservative approach to root canal shaping.
Furthermore, the implementation of cone-beam computed
tomography (CBCT) enhances pre-treatment planning,
enabling practitioners to visualize canal morphology
in unprecedented detail and tailor their interventions
accordingly.

The philosophy of MIE champions the principle that
less is often more when it comes to dentin removal. By
prioritizing the preservation of healthy tooth structure, MIE
not only mitigates the risk of structural failure but also
enhances long-term patient outcomes. Research indicates
that teeth treated using minimally invasive techniques
exhibit improved resistance to fractures and reinfection,
thereby promoting longevity and functional integrity.

However, the journey toward widespread adoption of
MIE is not without challenges. Clinicians face the dual task
of achieving thorough canal disinfection while minimizing
dentin removal, particularly in complex cases with narrow
or intricately shaped canals. The learning curve associated
with new techniques and technologies can pose a barrier for
many practitioners, alongside the financial considerations of
investing in advanced imaging and instrumentation.

Looking ahead, the future of minimally invasive
endodontics appears bright, with ongoing advancements in
technology promising to further optimize treatment efficacy
and patient outcomes. The potential for dynamic navigation
systems and the integration of artificial intelligence in
treatment planning heralds a new era of precision and
efficiency in endodontics. As practitioners continue to
embrace the principles of MIE, the balance between
effective treatment and tooth preservation will likely yield
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significant benefits for patients, ultimately enhancing the
quality and longevity of dental care. Thus, minimally
invasive endodontics stands as a testament to the evolution
of dental practices aimed at fostering better patient health
and wellbeing.
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