3D- Printing~ Revolutionizing Endodontics!
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Introduction-

In recent years, the convergence of advanced technology and medical science has paved the
way for groundbreaking innovations in healthcare. One such innovation, 3D printing, has
transcended its origins in industrial prototyping to become an indispensable tool in various
medical disciplines. Among these, endodontics; the branch of dentistry focusing on the
diagnosis and treatment of dental pulp and surrounding tissues has embraced 3D printing

with remarkable enthusiasm.

The concept of 3D printing, also known as additive manufacturing, involves the layer-by-
layer construction of intricate three-dimensional objects from digital designs. While
initially confined to manufacturing and design sectors, the medical community recognized
its potential to transform patient care through customization, precision, and efficiency. This
realization has led to an exciting integration of 3D printing technology into various

medical specialties, including endodontics.

It is important to recognize that 3D printing in endodontics is not merely a technological
trend but a paradigm shift those challenges conventional treatment approaches, enhances
procedural accuracy, and fosters novel solutions to complex clinical scenarios. The era of
personalized patient care is evolving, and 3D printing stands as a beacon of progress in this

pursuit.



CAD-CAM

The landscape of modern dentistry has been reshaped by the rapid integration of
technology into clinical practice. Among the groundbreaking advancements, Computer-
Aided Design and Computer-Aided Manufacturing (CAD-CAM) technology has emerged as
a cornerstone, revolutionizing various aspects of dental care. Within the realm of
endodontics, a specialized field focusing on the treatment of dental pulp and periapical
tissues, the integration of CAD~CAM technology has ushered in a new era of precision,

efficiency, and patient-centred care.

CAD-CAM technology, which originated in industries like engineering and manufacturing,
involves the use of computer software to design and model dental restorations or
prostheses. Coupled with Computer-Aided Manufacturing, this technology enables the
precise fabrication of these designs using advanced milling or 3D printing techniques. The
translation of CAD-CAM technology to endodontics has brought forth a transformative
paradigm shift, redefining diagnostic approaches, treatment planning, and the creation of

patient-specific solutions.

The customization and accuracy that CAD~-CAM offers empower endodontists to address
complex anatomical variations, optimize treatment plans, and craft restorations with

unprecedented precision.

Restorative failures cause endodontic failures; thus, it is important to place a definitive

restoration on an endodontically treated tooth as soon as the tooth is obturated(1).

Recently, single-session indirect restorative procedures have been made possible by the
technology known as computer-aided design/computer-aided manufacture (CAD/CAM).
Temporary restorations are not required because of the quick milling procedure, which
reduces the amount of time between preparation and cementation of the restoration.
Ceramics (silica or other silicates) and composite resins are just two examples of the
materials that can be used.(2) The best materials for indirect restoration are made up of
ceramics. These materials, when combined with a CAD/CAM system, can cut the
production time by up to 90% when compared to traditional fabrication techniques. Recent
research has also demonstrated that using ceramic blocks produced using a CAD/CAM

technology allows for better internal adaption than using composite resin blocks (3).



Applications-

3D- printing in

endodontics
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1. Guided endodontic access cavity preparation-

Guided endodontic access cavity preparation using 3D printing is an innovative approach
that combines digital technology and endodontic procedures to enhance accuracy and
efficiency. This technique involves the use of three-dimensional printed guides (stents) to
assist in creating precise access cavities for root canal treatment. Preservation of tooth
structure during endodontic access cavity preparation is advocated by various authors to
increase the fracture resistance of the endodontically treated teeth(4). The truss access
cavities and guided endodontic access cavities preserve large amount of sound dentin. Here

is how the process generally works:

1. Digital Scanning: The process begins with the digital scanning of the patient's tooth
or teeth using intraoral scanners or cone beam computed tomography (CBCT)
scans. These digital scans capture the exact dimensions and shape of the tooth, its
surrounding structures, and any existing pathology.

2. Digital Design: The scanned data is then used to create a virtual 3D model of the
tooth and its root canal anatomy. Specialized software is used to design the ideal
access cavity based on the tooth's anatomy and the planned endodontic treatment.

3. Guide Design: The access cavity design is converted into a guide that fits over the
tooth. This guide is designed to accurately position and guide the endodontic

instruments during cavity preparation.



3D Printing: The guide design is sent to a 3D printer, which creates a physical
replica of the guide using biocompatible materials. The guide will have openings
and channels that correspond to the planned access cavity.

Clinical Application: The printed guide is then placed onto the patient's tooth during
the procedure. The guide's openings and channels guide the dentist's hand and
instruments, ensuring precise and controlled access cavity preparation. This reduces
the risk of perforations or unnecessary removal of tooth structure.

Cavity Preparation: Using the guide as a reference, the dentist follows the pre-
designed access cavity outline using rotary instruments, drills, or lasers. The guide
helps maintain the correct angulation and depth, leading to a more accurate cavity
preparation.

Root Canal Treatment: After completing the access cavity preparation, the dentist
proceeds with the root canal treatment, which involves cleaning, shaping, and

filling the root canal space.

Benefits of Guided Endodontic Access with 3D Printing:

1.

2.

Accuracy: The use of 3D-printed guides enhances the precision of cavity
preparation, reducing the risk of procedural errors.

Efficiency: The guided approach can expedite the procedure, as the dentist can work
more confidently and quickly, leading to reduced chair time for the patient.
Conservation of Tooth Structure: Precise guidance ensures minimal removal of

healthy tooth structure, preserving the tooth's integrity.

. Predictable Outcomes: The digital planning and guided execution lead to more

predictable treatment outcomes.

Patient Comfort: Reduced chair time and enhanced accuracy can improve patient
comfort during the procedure.

Education and Communication: 3D visualizations can help dentists communicate

the treatment plan and potential challenges to patients more effectively.

Auto transplantation-~

Tooth autotransplantation (Natiella et al. 1970) involves the extraction of an unerupted or

erupted tooth and its placement in an extraction or surgically prepared socket within the

same person.



Autotransplantation is a dental procedure that involves the removal of a tooth from one

location in the mouth and its transplantation into another location, typically to replace a

missing tooth. This procedure can be enhanced using 3D printing technology, which

provides several advantages in terms of planning, accuracy, and patient outcomes.

Here's how autotransplantation can be combined with 3D printing:

1. Digital Scanning and Planning: The process begins with the digital scanning of the

donor tooth and the recipient site. In the case of autotransplantation, the donor
tooth is usually a healthy tooth that needs to be extracted due to various reasons.
The recipient site is the area where the missing tooth will be transplanted. These
digital scans are used to create accurate 3D models of both the donor tooth and the

recipient site.

Virtual Planning: Using specialized software, dentists can virtually plan the
autotransplantation procedure. This involves positioning the donor tooth in the
recipient site, ensuring proper alignment, fit, and occlusion. The dentist can also

adjust the shape of the tooth and the recipient site as needed.

3D Printed Surgical Guides: Once the virtual planning is complete, a 3D-~printed
surgical guide can be created. This guide serves as a template during the surgical
procedure, ensuring precise placement of the donor tooth in the recipient site. The
guide will have channels or openings that correspond to the anatomy of the donor

tooth and the recipient site.

Tooth Extraction and Transplantation: The donor tooth is carefully extracted and
placed in the surgical guide. The guide helps the dentist accurately position the
tooth in the recipient site, ensuring proper alignment and fit. The transplantation
procedure is guided by the 3D-printed template, leading to increased accuracy and

reduced trauma.

Benefits of Autotransplantation with 3D Printing:

1.

Precision: 3D-printed surgical guides enable highly accurate placement of the

transplanted tooth, improving the success rate of the procedure.

Reduced Trauma: The guided approach minimizes trauma to both the donor tooth

and the recipient site, leading to faster healing and better outcomes.

Customization: The virtual planning allows for customization of the procedure

based on the patient's unique anatomy and needs.



3.

Predictable Results: 3D printing enhances the predictability of the procedure, as the

dentist can visualize and plan the entire process beforehand.

Time Efficiency: Using a surgical guide streamlines the surgical process, reducing

the overall procedure time.

Patient Experience: The guided approach often leads to less discomfort and a

quicker recovery for the patient.

Educational Models and clinical simulations

3D-printed educational models and clinical simulations have become valuable tools for

training dental students, improving clinical skills, and enhancing patient care. Here are

some ways 3D printing is used for educational models and clinical simulations in dentistry:

1.

Anatomical Models: 3D-printed anatomical models of teeth, jaws, and oral
structures provide a hands-on learning experience for dental students. These models
can be used to teach dental anatomy, tooth morphology, and the spatial

relationships between different oral structures.

Pathology Visualization: 3D-printed models of dental and oral pathologies, such as
cavities, fractures, and tumors, allow students to study and understand various

dental conditions in a realistic and tangible way.

Orthodontic Simulations: Orthodontic training benefits from 3D-~printed models
that represent patients' dentition. Students can practice orthodontic techniques, such
as bracket placement and wire bending, on these models before working with actual

patients.

. Endodontic Simulations: 3D-printed root canal models help students practice

endodontic procedures like access cavity preparation, canal instrumentation, and

obturation.

Surgical Planning: Dental surgeons can use 3D-printed models to plan complex
surgical procedures, such as implant placement or orthognathic surgery. These

models allow for preoperative analysis and practice.

Prosthodontic Training: 3D-printed models can be used to teach prosthodontic

procedures like crown and bridge preparation, as well as denture fabrication.



7. Simulation of Complex Cases: 3D printing enables the recreation of complex patient

cases for simulation and practice. For example, students can simulate cases

involving impacted teeth, anomalies, or complex malocclusions.

Patient Education: 3D-~printed models are excellent tools for patient education.
Dentists can use these models to explain treatment plans and procedures visually,

making it easier for patients to understand their oral health needs.

Customization: 3D printing allows for the creation of patient-specific models, which
can help students and professionals understand unique anatomical variations and

plan treatments accordingly.

10. Skill Enhancement: Dental students and practitioners can practice various dental

procedures repeatedly on 3D-printed models, improving their clinical skills and

confidence before working on real patients.

11.Research and Innovation: 3D-~printed models enable researchers to test new

techniques, materials, and technologies in a controlled environment before

implementing them clinically.

12. Remote Learning: 3D-~printed models can be paired with virtual reality (VR) or

augmented reality (AR) platforms to create immersive and interactive learning

experiences, even in remote or online education settings.

4. Surgical guides

3D-printed surgical guides in endodontics offer a valuable tool for enhancing precision,

accuracy, and efficiency in various endodontic procedures. These guides are custom-

designed based on the patient's specific anatomy and treatment plan, allowing for more

predictable outcomes. Here's how 3D-printed surgical guides are utilized in endodontics:

1.

Precise Access Cavity Preparation: Surgical guides can be used to precisely guide the
dentist's hand during access cavity preparation. This ensures accurate positioning
and angulation of the access cavity, minimizing unnecessary removal of tooth

structure and reducing the risk of procedural errors.

Location of Calcified Canals: In cases of calcified canals, 3D-printed guides can help
direct endodontic instruments to the exact location of the calcified canal, improving

the success rate of locating and negotiating these challenging canals.

Guided Apical Surgery: For apical surgery (apicoectomy), 3D-printed guides can

assist in determining the optimal location for the surgical incision and the angle of



access to the root apex. This precision reduces the risk of damage to adjacent

structures and improves the overall success of the procedure.

. Calculation of Working Length: Guides can aid in accurately determining the
working length of the root canal by providing a reference point for measurement

based on the patient's anatomy.

. Minimally Invasive Access: 3D-printed guides facilitate minimally invasive access to
the root canal system, preserving as much healthy tooth structure as possible while

still allowing effective treatment.

. Customized Instrumentation: Surgical guides can help guide the placement and
trajectory of endodontic instruments, ensuring they follow the desired path and

depth during instrumentation.

. Reduced Radiation Exposure: In cases where cone beam computed tomography
(CBCT) is used to plan endodontic procedures, surgical guides can help reduce the
need for additional imaging during the procedure, thereby lowering patient

radiation exposure.

. Increased Predictability: The use of 3D-printed guides enhances the predictability of
endodontic procedures, leading to more successful outcomes and reduced

complications.

. Efficiency: By providing a clear path and reference points, 3D-~printed surgical
guides can lead to more efficient procedures, potentially reducing chair time and

patient discomfort.

10. Complex Cases: Surgical guides are particularly beneficial for complex cases

involving intricate anatomy, such as curved canals or multiple canals in a single

tooth.

Future perspectives-

The future perspectives of 3D printing in endodontics hold significant promise for

advancing dental procedures, patient care, and education. As technology continues to

evolve, here are some potential directions and advancements we might see in the

integration of 3D printing within the field of endodontics:

. Personalized Treatment Plans: With the ability to create patient-specific models and

guides, 3D printing could enable highly personalized treatment plans in



endodontics. This includes optimizing access cavity designs, instrument paths, and

filling techniques based on individual patient anatomy.

. Automated Manufacturing: Advances in automation and robotics might lead to the
development of automated systems that can produce 3D-~printed endodontic guides,
models, and instruments with minimal human intervention, enhancing efficiency

and reducing production time.

. Biocompatible Materials: Research into new biocompatible materials suitable for 3D
printing could result in a wider range of materials specifically designed for
endodontic applications. These materials could offer improved durability,

biocompatibility, and ease of use.

. Hybrid Techniques: Combining 3D printing with other advanced technologies such
as intraoral scanning, augmented reality, and virtual reality could create innovative
training and treatment approaches that merge the digital and physical aspects of

dentistry.

. Remote Consultations and Collaborations: 3D-~printed models could be shipped to
specialists for remote consultations, enabling experts to provide insights and

recommendations without requiring patients to physically visit multiple offices.

. Nanotechnology Integration: Integration of nanotechnology with 3D printing might
lead to the creation of composite materials with enhanced properties, such as

antimicrobial capabilities, to improve the longevity of endodontic treatments.

. Real-~time Feedback: Real-time guidance systems using 3D-printed templates and
sensors could provide feedback during procedures, helping dentists maintain

optimal angles, depths, and movements.

. Wider Adoption in Education: 3D-printed models could become standard
educational tools in dental schools, allowing students to practice endodontic

techniques on realistic models before working on patients.

. Virtual Patient Simulations: Advanced simulations using 3D-printed models and
virtual reality could provide highly immersive training experiences, allowing
students and practitioners to practice complex endodontic procedures in a risk-free

environment.

10. Minimally Invasive Techniques: The precision offered by 3D-printed guides might

lead to the development of more advanced minimally invasive endodontic

techniques, preserving tooth structure even further.



11.Regenerative Endodontics: The combination of 3D printing and regenerative
techniques could allow for the creation of scaffolds or structures that facilitate the
regeneration of dental pulp and other tissues, enhancing the field of regenerative

endodontics.

12. Clinical Research and Innovation: Researchers might use 3D printing to test new
treatment methods, instruments, and materials in controlled settings, accelerating

innovation in the field of endodontics.

Summary and Conclusion —

Unlike CAD-CAM manufacturing which is a subtractive manufacturing, in which there is

wastage of the material; 3-D printing is an additive manufacturing.

3D printing has emerged as a transformative technology in the field of endodontics,
offering a multitude of benefits that enhance patient care, clinical procedures, education,
and research. The integration of 3D printing technology has revolutionized the way dental
professionals’ approach endodontic treatments and has the potential to reshape the future

of the discipline.

3D-printed models, surgical guides, and educational tools provide unprecedented levels of
accuracy, precision, and customization in various endodontic procedures. These tools allow
for meticulous treatment planning, minimally invasive techniques, and improved outcomes.
Complex cases that were once challenging to navigate can now be approached with

confidence, resulting in greater success rates and reduced patient discomfort.

The educational landscape in endodontics has also been greatly enriched by 3D printing.
Dental students and practitioners have access to realistic, tangible models for hands-on
learning and skill development. This technology bridges the gap between theoretical
knowledge and practical application, fostering a new generation of well-prepared dental

professionals.

As technology continues to advance, we can anticipate even more exciting developments in
3D printing for endodontics. From personalized treatment plans to innovative remote
collaborations and cutting-edge materials, the potential for this technology to drive

continuous improvement in patient care and education is immense.
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