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Abstract

In the actual times, with so many rehabilitation techniques and endodontic posts in the market, there are many doubts
about which one is the best, the most cost-effective, the one that has more resistance among other questions. This
work aimed to compare the intraradicular restorative treatments that involve the use of prefabricated posts and posts
made with CAD-CAM, through a literature review in order to reinforce these procedures. Articles and other literary
sources with interrelation to CAD-CAM and endodontic posts were surveyed through search in Pubmed, Scielo,
Scopus, Lilacs and Google Scholar databases. The keywords: endodontic posts, CAD-CAM, prefabricated posts,
customizable posts, fiberglass, carbon fiber were used. More than 100 articles were found, and after reading the
abstract, 50 were selected. After reading, 26 were selected for the review. After reading, analyzing and interpreting
the scientific studies, it was possible to verify that the CAD-CAM endodontic posts have satisfactory results, although
there are few specific studies on them compared with the metallic cast posts and prefabricated posts.

Keywords: Permanent dental destoration; Computer-aided design; Endodontics.

Resumo

Na atualidade, com tantas técnicas de reabilitacdo e pinos endodénticos existentes no mercado, muitas sdo as duvidas
sobre qual € a melhor, a mais econdmica, a que tem mais resisténcia entre outras questdes. Este trabalho teve como
objetivo comparar os tratamentos restauradores intra-radiculares que envolvem a utilizacdo de pinos pré-fabricados e
pinos confeccionados em CAD-CAM, por meio de uma revisdo da literatura com o objetivo de reforcar esses
procedimentos. Artigos e outras fontes literarias com inter-relagdo com CAD-CAM e postagens endoddnticas foram
levantados por meio de busca nas bases de dados Pubmed, Scielo, Scopus, Lilacs e Google Scholar. Foram utilizadas
as palavras-chave: pinos endodonticos, CAD-CAM, pinos pré-fabricados, pinos customizaveis, fibra de vidro, fibra de
carbono. Mais de 100 artigos foram encontrados e, ap6s a leitura do resumo, 50 foram selecionados. Apos a leitura, 26
foram selecionados para a revisdo. Apds a leitura, andlise e interpretagdo dos trabalhos cientificos, foi possivel
verificar que os pinos endoddnticos CAD-CAM apresentam resultados satisfatérios, embora existam poucos estudos
especificos sobre eles comparados aos pinos fundidos metélicos e pinos pré-fabricados.

Palavras-chave: Restauragdo dentaria permanente; Desenho assistido por computador; Endodontia.
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Resumen

En los tiempos que corren, con tantas técnicas de rehabilitacion y postes de endodoncia en el mercado, existen muchas
dudas sobre cudl es la mejor, la mas rentable, la que tiene mas resistencia entre otras cuestiones. Este trabajo tuvo
como objetivo comparar los tratamientos restauradores intrarradiculares que implican el uso de postes prefabricados y
postes realizados con CAD-CAM, mediante una revision de la literatura con el fin de reforzar estos procedimientos.
Se encuestaron articulos y otras fuentes literarias con interrelacion con CAD-CAM vy postes de endodoncia mediante
busquedas en las bases de datos Pubmed, Scielo, Scopus, Lilacs y Google Scholar. Se utilizaron las palabras clave:
postes de endodoncia, CAD-CAM, postes prefabricados, postes personalizables, fibra de vidrio, fibra de carbono. Se
encontraron mas de 100 articulos vy, tras la lectura del resumen, se seleccionaron 50. Después de la lectura, se
seleccionaron 26 para la revision. Después de leer, analizar e interpretar los estudios cientificos, se pudo constatar que
los postes de endodoncia CAD-CAM tienen resultados satisfactorios, aunque existen pocos estudios especificos sobre
ellos en comparacion con los postes fundidos metalicos y los postes prefabricados.

Palabras clave: Restauracién dental permanente; Disefio asistido por computadora; Endodoncia.

1. Introduction

For many years, the gold standard for endodontically treated teeth with extensive loss of dental structure has been the
manufacture of metal-ceramic crowns or total crowns in pure ceramics, with or without endodontic post. Over the years, the
importance of preserving dental tissue, together with the evolution of dental materials, has introduced new principles in tooth
restoration, leading to a more conservative dentistry. The development of CAD-CAM (Computer-Aided Design — Computer-
Aided Manufacturing) technology has opened new horizons, both in the processing of materials and in the restoration of teeth,
providing precision, esthetics and restorative procedures that consume less time (Tzimas et al., 2018).

Intraradicular dental posts are used in dentistry to create retention for the restoration (Allan & Foreman, 1989). Some
materials are used in the manufacture of intraradicular retainers, including chromium-cobalt and nickel-chromium for cast
metal posts, titanium for the prefabricated metallic posts and carbon fiber and glass fibers (Allan & Foreman, 1989).

The prefabricated posts have the disadvantage of presenting a large cementation line compared to the cast metal posts
(Spazzin et al., 2009; Verissimo et al., 2014). In recent years, the anatomical post has been gaining popularity because it is a
variation of the technique of the prefabricated post, where the post is modeled with composite resin. The anatomical post
technique presents the advantages of the prefabricated fiberglass post without the disadvantage of the cementation line
(Grandini et al., 2003).

With the advancement of technology and production methods, the CAD-CAM system has become of great use for
dentistry nowadays. A higher accuracy can be found due to this process is all digital and has no operator interference (Pang et
al., 2019). Compared to traditional treatments, the glass fiber CAD-CAM restoration significantly increased fracture resistance
of enlarged root canals (Pang et al., 2019). CAD-CAM posts and posts made of high-density polymer have been shown better
performance than prefabricated fiber posts (Eid et al., 2019), with this, it becomes interesting to verify the behavior of

anatomical CAD-CAM posts and their advantages over conventional prefabricated post, through the literature review.

2. Methodology

This study is a literature review and a qualitative study (Pereira et al., 2018). Articles and other literary sources with
interrelation to CAD-CAM and endodontic posts were surveyed through research in Pubmed, Scielo, Scopus, Lilacs and
Google Scholar databases. The keywords: endodontic posts, CAD-CAM, prefabricated posts, customizable posts, fiberglass,
carbon fiber were used to do the survey. More than 100 articles were found, and after reading the abstract, 50 were selected, 26

after reading selected for review.
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3. Results and Discussion

The intraradicular posts used in dentistry are structures that provide extra retention for restorations. It is a resource
widely used by dentists and thus end up generating numerous attempts to improve the material and technique.

Intracanal pins are cylindrical or conical structures, traditionally made of metal fiber or fiber used in the root canal of
endodontically treated teeth. They have been widely used in dentistry in cases where the remaining coronal structure of the
teeth is not sufficient to provide adequate support to the restorative material. Cast metal posts and posts were the most used in
indirect restorations for years (Maroli et al., 2017).

Teeth indicated for endodontics, or already present with compromised structure, or by large caries lesions, or
restorations, structurally affected walls, and in cases of retreatments, are carriers of posts (Lopes & Siequeira Junior,
2015). These occurrences require the professional, caution and critical common sense in the treatment.

Intraradicular posts are recommended for endodontically treated teeth, with significant loss of coronary structure
(greater than 50%) and more important structures, such as marginal ridges and pulp chamber ceiling (Bramante, 2004). The
loss of these structures causes an increase in physical forces (deflection) of the remaining cusps and coronary structures and
may lead to tooth fracture. The posterior teeth are forced vertically, without the use of intra-radicular posts in adhesive
restorations (Machado, 2017). However, when coronary loss is very extensive an indirect metal post should be indicated, to
provide retention to prosthesis crowns (Cohen, 2017). On the other hand, in the anterior teeth the forces focus obliquely and
horizontally. The intraradicular post dissipates forces along the coronary and root part, preventing fracture (Machado, 2017). In
teeth responsible for the desocclusion guide such as canines, posts are recommended. Patients with parafunctional habits tend
to make a lot of shear force which contributes to the indication of the post to dissipate stress (Bramante, 2004).

In modern endodontics, biological knowledge is required, with an understanding of the behavior of the organism in
the face of the changes promoted by the treatment, as well as knowledge of physical principles, through the analysis of the
mastication forces on the treated tooth (Cohen, 2017).

The first attempt to increase retention in teeth with large coronary loss was through the use of cast metal post. In the
mid-1900s the technique of cast metal post was developed (Baratieri, 2010).

Cast metal posts

Although the cast metal post has a long history of success, they have limitations with the contraindication of use in
lacerated canal, which compromise the insertion of the post in adequate depth. Enlarged canals that have little dentin in the
root walls require the use of resin to reinforce the walls prior to the installation of the intra-canal post (Baratieri, 2010). With

this, it was necessary to develop alternatives, which culminated in the development of prefabricated posts.

Prefabricated Fiber Posts

These systems can reduce the incidence of root fractures compared to conventional prefabricated metallic or metallic
posts. Fiber systems are cemented with adhesive systems, preferably dual or chemically activated adhesives. Its advantage is to
present modulus of elasticity similar to dentin, thus, there is a lower concentration of masticatory forces in the dental apex,
differing from the metallic posts, which can generate areas of stress concentration, which can lead to cracks and fractures in the
dental structure (Baratieri, 2010). They also require a preparation with less root wear, resulting in greater root remnant
(Baratieri, 2010). Endodontically treated teeth and restored with this type of post present a more favorable pattern of fracture,
when it occurs, because the concentration of stresses are distributed near to the cervical region and the fracture usually occurs

in the post instead of occurring at the root, which is common for the cast metal posts. However, fiber posts are more
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susceptible to the technique, requiring greater knowledge and preparation from the dentist, especially with regard to the
process of cementation and coronary reconstruction.

The glass fibers posts have in their composition, silica, calcium, boron, sodium and aluminum base, along with
polyethylene fibers, making them closer to the color of teeth and being considered the most esthetic posts when compared with
carbon fiber, quartz, zirconia or metallic posts (Scotti & Ferrrari, 2003).

Many endodontically treated teeth present greater loss of dental structure due to previous restorations, invasive
carious lesions or removal of the dental structure due to endodontic access. Fiberglass posts were universally accepted as a
method of promoting greater resistance when restoring an endodontically treated tooth. However, obtaining effective support
to root canal walls is a challenge, considering the geometry and unfavorable limitations inherent to the physical-chemical
properties of adhesive material. Despite the clinical success, concerns were raised about the effective capacity of these resin-
based materials to attach the fiber posts to the root dentin, due to the unfavorable C-factor of the post space(Maroli et al., 2017).
During the filling phase, the intimate contact of resin materials with the dentin of the root canal should ideally result in an
excellent chemical-mechanical bond. Concerns were raised about the effective capacity of these resin-based materials to join
the fiber rods to the root dentin, due to the unfavorable C-factor (Pupo et al., 2017). During the luting phase, intimate contact
of resin materials with root canal dentin should ideally result in an excellent chemical-mechanical bond. The prefabricated

posts have as a disadvantage the thicker cementing line, with this emerged the technique of anatomical posts.

Anatomical prefabricated posts

Elements with highly affected canal-crown treatment with high level of destruction have been the target of a large
number of procedures in the dental region of dentistry. Thus, it will be necessary the need for intraradicular retainers to
increase the stability and retention of rehabilitation the existing dental structures (Mumcu et al., 2010; Torabi & Fattahi, 2009).

The anatomical post technique is suggested for the rehabilitation of anterior teeth with a largely destroyed canal and
with a considerable portion of affected dentinal tissue. In this technique, in addition to the fiberglass post, composite resin is
used to fill the flue in order to minimize the gap that would be completed by resin cement. Thus, the mixture of two materials
(composite resin and post) will be useful and will have biomechanical behavior as a repositor of the missing dentin structure
(Martins et al., 2011). The anatomical posts have a great success in fragile root treatments because they react in both aesthetics
and masticatory function (Hattori et al., 2010). The fiber posts have a more uniform force distribution (tension) in the occlusal
and root region compared to the metallic posts (Hattori et al., 2010).

The loss of much of the dental crown implies, in most cases, an indirect restorative treatment (crown). In such cases,
there is usually a need for a root anchorage, which can be done by placing a prefabricated or customized post. In extreme
fragile roots it is recommended to place a custom post or post. In the literature, it has been recommended the placement of a
cast metal post for these situations. However, despite having a high resistance, this metal post, due to its high stiffness, can
lead to an irreversible fracture of the root, with consequent loss of the dental element. The placement of a material with a
modulus of elasticity (stiffness) similar to that of root dentin seems to reduce this problem. The anatomical post is a new
alternative of customized posts for these cases of fragile roots, where an esthetic fiberglass post is placed, externally filled with
direct composite resin, obtaining a perfect adaptation.

CAD-CAM posts
Advances in computer-aided design (CAD)/ computer-aided manufacturing (CAM) technologies and ease of
application have allowed the development of new treatment concepts for modern dentistry (Spitznagel et al., 2018).

CAD/CAM applications offer a standardized manufacturing process, resulting in a reliable, predictable and cost-effective
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workflow for individual and complex tooth-supported restorations (Spitznagel et al., 2018). CAD/CAM technology has
advantages, including fingerprints and digital models, and the use of virtual articulators. However, the implementation of this
technology is still considered expensive and requires highly trained personnel (Alghazzawi, 2016). Currently, design software
has more applications. The precision of the restoration manufacturing can be better achieved with 5-axis milling units
(Alghazzawi, 2016).

Computer-aided design and manufacturing technology (CAD-CAM) simplified the planning and manufacturing
procedures involved in partial roofing restorations and also led to the development of new materials with homogeneous
structures that suffer less contraction when polymerized (Miyazaki & Hotta, 2011; Steinmassl et al., 2017). The development
of hybrid andmetal-free materials, combining two main restoration components (resin and ceramic), provided a wide range of
materials with visual indications and improved biomechanical properties (Garcia-Engra et al., 2020).

Digital dentistry has been developed to increase workflow precision and to accelerate the production process (Lee et
al., 2014; Mangano et al., 2017; Mangano et al., 2016); generally, use of CAD-CAM to realize customized posts generally was
limited to scanning plaster models obtained from traditional impressions (Chen et al., 2014; Lee et al., 2014; Liu et al., 2010).
Other authors purposed a different digital workflow in which a traditional silicon impression is scanned to mill a personalized
CAD-CAM post and core (Falcao Spina et al., 2018). Studies show that both impressions and stone replicas can be digitized
with a high reliability (Persson et al., 2009). Direct acquisition was considered quicker, more accurate and less invasive than
indirect methods (Galhano et al., 2012; Guth et al., 2013), however an accurate intraoral scanning requires the skill, experience
and knowledge of the operator, which might affect the outcome due to patient-related factors such as intraoral humidity,
tongue movement and saliva flow.

CAD-CAM-fabricated posts combine the advantages of traditional custom posts and prefabricated fiber posts (Tong et
al., 2020). The use of CAD-CAM fabricated post and core restorations has been suggested, and CAD/CAM fabricated zirconia
post and core have been investigated (Awad & Marghalani, 2007; Lee et al., 2014; Marghalani et al., 2012; Ozkurt et al., 2010).
However, it is nearly impossible to retrieve zirconia post if fracture occurs, which leads to an irreversible tooth failure (Ozkurt
etal., 2010).

Recent resin-based, computer-aided and computer-aided manufacturing (CAD-CAM), have been used to restore
endodontically treated teeth (Tsintsadze et al., 2018). Adaptation of the restoration is important for clinical success (EI Ghoul
et al., 2020). The precision of the CAD-CAM post and core restoration allows for a minimal amount of cementing composite
resin and can result in a better adhesion to the dentinal walls (Pinto et al., 2017). The post made with this system has precise
adjustment in the canal, showed high esthetic and can be used in cases where there is no coronal remaining, besides being able
to support extensive prostheses. The main advantage of the CAD-CAM technique, when compared to the traditional method, is
the speed of preparation of the restoration, however more clinical studies are necessary to evaluate whether this method could

make crowns satisfactory enough to resist for long periods (Batson et al., 2014; Sequeira-Byron et al., 2015).

4. Conclusion
After reading, analyzing and interpreting the scientific studies surveyed, it was possible to verify that the CAD-CAM
endodontic posts have shown satisfactory results, although there are few specific studies, and there is a need to laboratorial and

clinical studies using these technologies, such as three points bending test, clinical longevity and shear bond strength.
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