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Resumen

Introduccion. La odontologia ha evolucionado con la impresion
3D, permitiendo una planificacion quirdrgica precisa y la creacion
de modelos dentales tridimensionales para practicas educativas y
profesionales. Este estudio explora la fabricacion de dientes
caninos sintéticos impresos en 3D para practicas de endodoncia.
Objetivo. explorar el uso de la impresion 3D para la fabricacién de
dientes caninos sintéticos destinados a practicas de endodoncia.
Metodologia. Se realizd un estudio experimental para evaluar
dientes artificiales impresos en 3D en comparacion con dientes
reales, utilizando CBCT vy tecnologia de impresion 3D. Se
seleccion6 un paciente adulto con denticién completa y saludable.
Se reconstruyeron los dientes con software especializado y se
imprimieron prototipos en resina fotosensible. Estos prototipos
fueron evaluados clinicamente y se realizaron pruebas
endodonticas, incluyendo la preparacion y obturacion del
conducto, para comprobar su idoneidad en condiciones simuladas.
Resultados. Los prototipos mostraron alta precision morfologica y
resistencia mecanica adecuada, aungue con algunas variaciones en
la anatomia del conducto radicular. La conformacién de cavidad,
conductometria y preparacion quimico-mecanica fueron efectivas,
aunque se observo fragilidad en el tercio apical. La obturacion con
gutapercha fue exitosa, concluyendo el tratamiento endodontico de
manera eficaz. Conclusién. Los dientes caninos impresos en 3D
para endodoncia son precisos y personalizables, pero tienen
limitaciones en la morfologia interna y fragilidad apical. Su uso
mejora la experiencia educativa y clinica, requiriendo mas
investigacién para optimizar durabilidad y replicar mejor la
anatomia dental natural. Area de estudio general: Odontologia.
Area de estudio especifica: Endodoncia. Tipo de estudio:
Articulos originales

Abstract

Introduction.Dentistry has evolved with 3D printing, enabling
accurate surgical planning and the creation of three-dimensional
dental models for educational and professional practices. This study
explores the fabrication of 3D-printed synthetic canine teeth for
endodontic practices.Objective.exploring the use of 3D printing for
the fabrication of synthetic canine teeth for endodontic practices.
Methodology.An experimental study was conducted to evaluate 3D
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printed artificial teeth compared to real teeth, using Cone beam
computed tomography (CBCT) and 3D printing technology. An
adult with patient complete and healthy dentition was selected. The
teeth were reconstructed with specialized software, and prototypes
were printed using photosensitive resin. These prototypes were
clinically evaluated; endodontic tests, including canal preparation
and obturation, were performed to check their suitability under
simulated conditions.Results.The prototypes showed high
morphological precision and adequate mechanical resistance,
although with some variations in the root canal anatomy. Cavity
shaping, conductometry, and chemical-mechanical preparation
were effective, although fragility was observed in the apical third.
Gutta-percha obturation was successful, concluding the endodontic
treatment effectively.Conclusion.3D-printed canine teeth for
endodontics are accurate and customizable, but they have
limitations in internal morphology and apical fragility. Their use
enhances the educational and clinical experience, requiring further
research to optimize results.

Introduction

Dentistry, as a medical discipline, has undergone a remarkable evolution in recent
decades, largely driven by technological advances.(1)One of the most promising
developments in this field is 3D printing technology, which has revolutionized numerous
aspects of dental practice, from surgical planning to the manufacturing of customized
dental prostheses.(2).

In particular, endodontics, a branch of dentistry dedicated to the treatment of the internal
tissues of the tooth, has found in 3D printing an invaluable tool to improve the quality
and precision of its procedures.(3, 4)The ability to accurately replicate dental anatomy
using three-dimensional models significantly facilitates the practice of endodontics,
allowing professionals to develop and hone their skills in a controlled and realistic
environment.(5, 6).

Clinically, endodontic therapy effectively treats various pathologies such as pulpitis,
necrosis and periapical periodontitis. This therapy includes processes such as chemical-
mechanical preparation, shaping, sterilization and obturation of the root canal.(7). During
the treatment processes it is crucial to determine the length of the root canal, its

Ciencia
L Digital

Skl Comprehensive Care Page 122|136




lD Anatomla
lgl al ISSN': 2697-3391

Vol. 7 No. 3, pp. 120 — 136, July — September 2024

www.anatomiadigital.org

morphology and direction to avoid the creation of false pathways, perforation,
underfilling or overfilling of the canal which are the cause of failure in a treatment,
showing that the percentage of failure of endodontics occurs in 24%(8).

Canine teeth have longer, more steeply curved roots compared to other teeth, which can
make it difficult to properly access the root canals during endodontics. This irregular
anatomy increases the likelihood that endodontic instruments will not be able to reach all
the nooks and crannies of the root canals, which can result in incomplete cleaning or
inadequate filling. Anatomical variability is also a factor to consider when treating canine
teeth in root canals; the presence of additional root canals, such as lateral or accessory
canals, is common in these teeth, which can go unnoticed during treatment and lead to
persistent infection or recurrence of symptoms.(9).

Furthermore, the strategic position of canine teeth in the mouth, especially in the upper
jaw, can make cameral and root access difficult during endodontic treatment. This may
require the use of advanced imaging techniques, such as digital radiography or CT
scanning, for better visualization and treatment planning.(10).

Endodontic training using 3D tooth models has revolutionized the way dental students
and professionals acquire practical skills. These three-dimensional models offer an
accurate representation of dental anatomy, allowing students to practice endodontic
procedures in a realistic manner that is safe for patients. By interacting with these models,
future endodontists can develop skills in root canal identification, use of endodontic
instruments, and application of obturation techniques, contributing to more complete and
effective training. In addition, the availability of 3D models facilitates practical
preclinical teaching and access to continuing education for established professionals, thus
promoting advancement in clinical practice and improving endodontic treatment
outcomes.(2).

In this context, the present work focused on exploring the use of 3D printing for the
fabrication of synthetic canine teeth intended for endodontic practices, as well as these
dental models, based on radiographic images and high-precision tomographic scans,
provide a faithful representation of dental morphology, including complex internal
structures such as root canals and dental pulp.

Methodology

Patient selection and protocol
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A cross-sectional descriptive experimental study was conducted to evaluate the
compatibility between 3D printed artificial teeth and the teeth of a real patient, by using
CT scans and 3D printing technology.

A single patient was selected who met the following criteria: being an adult with complete
permanent dentition, enjoying optimal periodontal and systemic health. Patients with
caries, periodontal disease, incomplete or altered dentition, root canal treatment, as well
as those with soft and hard tissue pathologies were excluded.

Once the patient who met the aforementioned criteria was selected, he or she was asked
to sign an informed consent for the management of his or her data and clinical
examinations, as well as their use in the experimental part.

Permission for the study was granted by the human research ethics committee of the
Catholic University of Cuenca CEISH-UCACUE-2023-177.

Creation of 3D prototypes

The 3D image data obtained from the CBCT scans were exported to the 3DSlicer software
(5.22) to separate the dental tissue from the corresponding alveolar bone and guide the
reconstruction of the tooth. The file was then exported to Meshmixer (3p5) to align and
adjust the internal morphology of the tooth, taking as reference the literature on dental
anatomy, with the aim of achieving millimetric precision.

The 3D data of the modified teeth were then exported for 3D printing. Using ultra-
precision photosensitive resin (Water-wash resin+ Anycubic clear and Water-wash resin+
Anycubic white) and a 3D printer (Anycubic Photon M3), the in vitro 3D printed artificial
teeth were produced with an accuracy and XY resolution of up to 51 microns (0.051 mm)
and a Z resolution of up to 10 microns (0.01 mm).

The process was replicated with slight modifications in several versions in order to perfect
the prototype and ensure it meets the parameters of clinical morphological precision and
chemical-mechanical resistance in the endodontic process.

Iteration and evolution of the prototype

To evaluate the clinical outcome and mechanical performance that allowed us to arrive at
the final prototype that is the object of the study, a methodology has been implemented
that uses an evaluation table with a categorical scale of bad, average and good. This table
classifies two key aspects: the clinical result, which compares the morphology and
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appearance of the 3D tooth with the characteristics described in the literature, and the
mechanical performance, which analyses the resistance, durability and effectiveness of
the printed tooth in endodontic practice.

He The procedure involves collecting data at different stages, which are then recorded in
the table with their respective characteristics. Subsequently, an analysis of the results is
carried out to identify areas for improvement and success, and to determine whether the
prototype meets the expected functional requirements (Table 1).

Prototype analysis

In line with the main objective of the study, a practical analysis of a clinical nature in the
endodontic field was carried out to evaluate the quality and usefulness of the prototypes.
The tests consisted of visual, clinical and mechanical endodontic analysis.

Clinical-visual examination

The 3D printed tooth was then examined to assess its overall shape, size, and anatomical
details. During this assessment, possible surface imperfections such as air bubbles or
poorly defined areas were noted.

An assessment of the shape and length of the root of the 3D printed tooth was carried out
to ensure that it matched the expected anatomical characteristics. This examination
focused on verifying the absence of deformities that could affect the natural anatomy of
the tooth, using a caliper and taking as reference data demarcated in the literature.

To assess the permanent upper and lower canines, several essential parameters were
considered to ensure their accuracy. These include crown length (10 mm in the upper
canines and 11 mm in the lower ones) and root length (approximately 17 mm in both).
Root morphology was analysed, which should be robust, with a single root in most cases
and a straight or slightly curved root canal. The mesiodistal width of the crown was also
measured, with an average of 7.5 mm in the upper canines and 7 mm in the lower ones.
In terms of internal parameters, the internal structure of the tooth was checked, including
the density and integrity of the dentin, as well as the patency of the root canal.(11).

Endodontic mechanical examination

The stepback technique was used(12), to carry out the treatments on the printed prototype.
During the procedure, chamber access was achieved using a blue-coded, long-necked,
coarse-grained round bur. The sensation of "falling into the void" when breaking the
chamber roof was verified, and the correct conformation of the cavity was assessed. Canal
patency was checked using pre-series K-type manual files, and resistance at the apical
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limit was assessed using first- and second-series K-type manual files (Dentsply) including
sizes 15 to 80. Through chemical-mechanical preparation, possible irregularities, cracks
or thinning of the walls that could compromise structural resistance or hermeticity against
EDTA irrigants, 2.5% sodium hypochlorite and physiological saline solution were
analyzed. Finally, the compatibility and resistance with filling materials such as calcium
hydroxide-based cement (sealapex), first and second series gutta-percha (Dentsply) were
analyzed. These were manipulated by using lateral and vertical condensers (Dentsply).
This entire process was accompanied at each step of the protocol by periapical
radiographic analysis.

This clinical analysis provided crucial information on the suitability of the prototypes in
the endodontic context, allowing a thorough evaluation of their quality and functionality
in simulated clinical situations.

Figurel: A) CBCT file of selected patient, B) DICOM export in 3dslicer software, C) root and canal
modeling of dental piece in meshmixer, D) coronal modeling of dental piece in meshmixer

Results

The development process was carried out in several phases to perfect its design and
functionality. Based on the principle of trial and error, adjustments and modifications
were made until the desired model was obtained.

Prototype iteration:versions developed before the final model
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During the development of the dental prototype, multiple versions were made, each of
which underwent phases of improvement before reaching the final version. These
versions were evaluated and adjusted to improve specific aspects such as strength,
compatibility with endodontic treatments and precision in the shaping of the accesses.
The changes and improvements implemented in each iteration allowed the design to be
optimized, ensuring that the final prototype met the clinical and mechanical requirements
necessary for effective treatment (Table 1).

Boardl. Dental prototyping iteration in development phases

Phases Characteristics Clinical Performance
Outcome Mechanic
Crown Conduit Root

Initial Translucent with ~ Visible withred  Translucent wide
(figure 2) paint coating acrylic filling morphology Bad Bad
Intermedia Translucent Visible gap Translucent Well Regular
(figure 2)

End White with Visible gap Translucent correct Well Well

(figure 2) defined access morphology

Figure2:A) Initial phase dental prototype, B) Intermediate phase dental prototyping, C) Final phase dental
prototype

In the development and evaluation of 3D printed dental prototypes, their morphological
accuracy and mechanical strength during endodontic procedures were analyzed. The
results demonstrated that the artificial teeth presented a high degree of similarity to real
teeth, as well as adequate strength during clinical treatments, ensuring their viability and
effectiveness in dental applications.

Clinical morphological accuracy in clinical view

The shape of the 3D printed artificial teeth reconstructed by combining CBCT and UV
LCD printing technology was consistent with that of the patient's teeth in the oral cavity.
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The results indicated that the 3D printed artificial teeth had a high degree of fit with the
patient's analyzed teeth and showed high similarity. In addition, clinical and radiographic
examinations revealed that the cross-sections in cervical, middle and apical sections of
the root canals of the 3D printed artificial teeth were similar to those of the patient's teeth
at the corresponding positions, with a slight discrepancy in the root canal anatomy.

Mechanical resistance in endodontic protocol

Chamber access and cavity shaping of the dental prototype were carried out using coarse-
grained diamond burs with blue coding and Endo-Z burs. The tooth reacted optimally,
showing adequate strength without deformation or fracture, similar to a human tooth,
allowing for high-quality cavity shaping.

Subsequently, the canalometry was performed, revealing a permeability comparable to
that of a real tooth. The prototype showed variability in radiolucency and radiopacity at
different density points, allowing visibility of the instruments inside and thus facilitating
the progress of the clinical treatment (Figure 3).

The next step was the chemical-mechanical preparation. The prototype demonstrated
remarkable resistance to endodontic irrigants such as sodium hypochlorite, EDTA and
saline solution, with no evidence of detachment or corrosion. This procedure, performed
with endodontic files, indicated great compatibility and provided clinical sensations
identical to those obtained in real treatments. However, fragility was identified in the
apical third, which slightly reduced the quality and sensations of the treatment (Figure 3).

Finally, the obturation was carried out with gutta-percha cones, which achieved excellent
compatibility aind adaptation inside the prototype. These were clearly visualized using
periapical radiographs, which facilitated the successful completion of the endodontic
treatment (Figure 3)..
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Figure3:A) chamber opening, B) conductometry, C) conometry, D) final obturation
Discussion

3D printing has emerged as an indispensable tool in modern dentistry, especially in the
field of endodontics, due to its ability to create custom dental models with exceptional
accuracy and detail.(13)This technology has revolutionized the way treatments are
planned and performed, facilitating the production of anatomically identical replicas and
endodontic guides adapted to the specific needs of each patient.(14).

The fabrication of ultra-realistic anatomical replicas or biomodels from medical images
such as computed tomography (CT) scans or magnetic resonance imaging (MRI) using
advanced 3D printing allows medical staff to rigorously assess patient anatomy in high
detail. This is especially useful for analyzing root morphology, the presence of accessory
canals, curvatures, and other features that can complicate endodontic treatment.(15). By
having an accurate physical model, the practitioner can select the appropriate endodontic
instruments, and anticipate possible difficulties, allowing them to practice on realistic
clinical cases without risk to patients. They can also be used to explain to patients their
condition and the treatment plan in a more understandable way.(16).

In this study, it was found that replicating accurate anatomical models of a patient's dental
structures allows one to predict how an endodontic treatment will develop and to visualize
what should be done or avoided to minimize complications during the clinical procedure.
Authors such as Shah & Chong(17), highlight that 3D printed models can be used in
endodontics as a teaching aid for students to better understand tooth, root and canal
morphologies, and to simulate access cavity and root canal preparation. These models
allow students to practice and hone their skills in a controlled and repeatable environment,
which is crucial for their professional development. Furthermore, 3D printed models can
be used to assess students’ skill progression in a standardized and unbiased manner.

This research was able to create a preview of how to improve the aesthetics and
functionality of practice models for students by improving their confidence and future
vision in real clinical episodes. It was noted that the use of 3D printed teeth is preferred
in endodontics because these models not only look better and are more accurate compared
to traditional alternatives, but also allow compliance with all the steps necessary for a
complete endodontic treatment. The high precision of 3D printed models facilitates an
exact representation of dental anatomy, which is crucial to effectively simulate the access
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cavity and root canal preparation. This ensures that students and professionals can
practice and perfect their techniques in a controlled environment, which translates into
greater efficiency and effectiveness in real treatments.(18).

However, Kolling et al.(19), mention that there are limitations to the use of this
technology. New innovative models in endodontic teaching should be carefully reviewed
and compared with the usual training models. To date, extracted teeth are considered the
gold standard in preclinical teaching. The key question lies to what extent 3D printed
models can live up to this standard. Equity in obtaining the appropriate material,
opportunities for acquiring skills, standardization of practical examinations and
fundamental hygienic aspects ultimately determine the choice of teaching method.(20).

This research has identified that 3D printed teeth have optimal characteristics for dental
training of students in the area of endodontics. These models allow a complete treatment
to be carried out, from start to finish, without interruptions or discomfort, providing a
continuous and effective learning experience. Contrary to this study, the results of the
work of Al-Sudani & Basudan(21)suggest that although artificial resin teeth have
multiple advantages, they cannot replace natural teeth due to the lack of certain variations
and the hardness of real teeth. However, 3D printing technology has great potential to
expand its horizons in the field of teaching, creating new pre-treatment planning
methodologies that reduce errors and avoid omitting pathologies.

Additionally, according to Reis et al.(22), this technology can improve the management
of endodontic procedures by allowing for duplication and accurate record keeping, patient
education, and aiding in treatment planning through improved visualization and
determination of important anatomical landmarks or pathologies such as internal/external
root resorption. It also allows for the fabrication of surgical or directional guides,
significantly improving procedural accuracy.

The main question remains as to how the didactic approach and the opportunity to practice
in preclinical courses actually influence the outcome of root canal treatment in the clinical
setting. In this respect it should be noted that Tchorz et al.(23), could not detect quality
differences based on prior training with models when performing root canal treatments
on first-time patients.

In the study by Peters et al.(24), it is emphasized that dental replicas made from CBCT
or microCT scans can complement natural teeth. Improvements in resin materials and 3D
printing hardware will lead to even more realistic models for better skill acquisition,
avoiding the use of biological tissues.

Despite some doubts and limitations, the positive results of recent studies and the
recognized advantages suggest that 3D printed teeth should be integrated into dental
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training on a routine basis. 3D printing technology allows educators to reproduce any
tooth shape and/or root-canal system variation found in endodontic classifications.
Further technical development of 3D printed teeth will lay the foundation for training in
integrated medical-dental teams and improve patient-centered care in the future.(25).

Conclusion

e In conclusion, the 3D printed canine teeth prototype for endodontic training has
proven successful in several key aspects, facilitating the creation of a useful model
in dentistry, specifically in the endodontic area. Although it stands out for its
fidelity and the customization capacity offered by 3D printing, it is essential to
recognize the current limitations, especially in the internal morphology and
fragility of the model, specifically in the apical third, which limit its effectiveness
and durability in clinical situations.

e The integration of these technologies into dental education and practice provides
a more realistic and detailed learning experience. However, to achieve their full
potential, further research and development is required to improve the durability
of printed materials and achieve a more accurate reproduction of the anatomical
and biological complexity of natural teeth.

e Consequently, continuing to explore and refine these technologies is critical to
increasing their effectiveness and applicability in endodontic training, thereby
ensuring significant advances in the field of modern dentistry.
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