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Endodontically treated teeth often requires internal retainers and cores to support
the final restoration due to significant structural damage. Nevertheless, the discrepancy
between the size of the root canal space and the diameter of the post is an important
clinical consideration, especially in cases of flared or widened root canals. Even though
cast metal post and cores can adapt well to remaining root structure, they present a
high elastic modulus which can lead to irreparable root fractures. Conversely, bonding
prefabricated glass-fiber posts to flared root canals results in thick resin cement layers,
increasing the possibility of structural discontinuities and potentially creating a weak spot
in the restoration.

Anatomic post is one of the techniques involving the reconstruction of flared root
canals by lining glass-fiber posts with resin composite to match the shape of the flared
post space. However, multiple interfaces are created when several materials are used.

The computer-aided design/computer-aided manufacture (CAD/CAM) process can
be applied to the production of individually, anatomically fitted, and monolithic posts.
Eliminating the need for multiple materials and reducing the number of interfaces in the
cemented structure. Both of these technique approaches are highly effective in reducing
the amount of luting cement required, enhancing mechanical properties of the restoration
and reducing chances of irreparable fracture.

The aim of this literature review is to provide general information, methods for
making post and core, mechanical properties, and discuss the efficacy of anatomic fiber
post and CAD/CAM customized post and core in flared canals.
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Introduction

Root canal treated teeth often have significant loss of
tooth structure, increasing the risk of fracture. Therefore,
they are commonly restored with indirect restoration to
strengthen the structure, such as crowns and onlays. In
some occasions, root canal treated teeth may have flared
root canals, which tend to have less strength than normal
teeth. Teeth with slightly flared root canals have a higher
percentage of circumference in the cervical area larger
than the largest prefabricated post, which is around 25-
50 percent.!) Whereas teeth with very flared root canals
have more circumference in the cervical area than the
largest size of prefabricated post, which is around 50
percent or more. The causes of this flared root canal can
result from several factors such as tooth decay, childhood
accidents®, excessive post preparation®), improperly
root canal treatment®, abnormalities in growth such as
tooth germination, and fused root canals. The amount of
remaining tooth structure affects the strength of the tooth.®)
Minimal remaining root canal dentin increases the risk
of fracture, even with normal chewing forces, therefore,
requires additional treatment such as post and core.(®

Using only a prefabricated post for a flared shape of
the root canal, often results in a thick cement layer, which
is weak and typically develops air bubbles. This creates a
weak point in the restorative material due to stress from
shrinkage during polymerization, leading to potential
fracture lines and reduced bond strength of the post to the
root canal.(”)

Therefore, various methods have been proposed to
treat teeth with flared root canals. One of these methods
includes anatomical post, which was introduced by
Grandini and colleagues in 2003.®) This method involves
using resin composite material to reinforce a glass fiber
post, mimicking the shape of the root canal. This approach
can reduce the amount of cement and minimize shrinkage
during polymerization compared to using cement
alone.(®%12) Additionally, other methods were proposed
which include using accessory posts to fill the space
between the main post and the root canal wall.>*!?) How-
ever, research suggests that using accessory posts does not
improve retention in flared root canals and may still lead
to air bubbles in the cement. Another method involves
intraradicular reinforcement by using resin composite to

reinforce the root canal wall.(!®) This method increases the
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thickness of the wall, but it can be challenging to achieve
complete polymerization, especially at the root apex.+!?)

When comparing the fracture resistance of tooth
with flared root canals restored with different methods,
it has been found that anatomical posts, accessory posts,
and intraradicular reinforcement did not significantly
differ in fracture resistance.(®”) However, some studies
have shown that anatomical posts provide higher fracture
resistance compared to the use of accessory posts.>1?)
Regarding bond strength, anatomical posts, accessory
posts, and intraradicular reinforcement did not signifi-
cantly differ statistically, but they exhibited higher bond
strength compared to using prefabricated posts alone.”
Additionally, when studying stress distribution in teeth
with flared root canals restored using various methods, it
was found that anatomical posts distributes forces within
the post and generates less stress around the root compared
to reconstruction using accessory posts and intraradicular
rehabilitation.' Therefore, considering the mechanical
properties, restoring flared canal with anatomical posts
represents another interesting option.

Various methods have been employed to fabricate
anatomical posts and cores, including the use of digital
dentistry. Therefore, the objective of this study is to
explore data and methods for using anatomical posts
in various situations and to compare the properties of

anatomical posts in each types of fabrication.

Materials and Methods

The PubMed (MEDLINE) database was the main
resource for gathering the most relevant and current
information on anatomical posts and CAD/CAM posts.
The search focused on studies published in English from
2000, when research on anatomical posts began, through
2023. Supplementary research was gathered via Google
Scholar and targeted searches. The most significant article,

along with selected studies, is included in the references.
Literature review

Conventional fabrication of anatomical post and
core

There are two methods to fabricate anatomical posts
and cores using fiber-reinforced prefabricated posts: the

direct technique and the indirect technique.
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Direct technique

After removing the gutta percha to prepare the space
for the post according to the planned length, a selected
prefabricated post is tried in. Then, the prefabricated
post is removed, cleaned, and the surface is prepared by
applying a silane coupling agent, left for 30 seconds,
blown dry, and then an adhesive is applied and light-cured
for 20 seconds.

A water-soluble lubricating agent is applied in the
root canal to prevent resin composite from adhering to
the canal walls. Packable resin composite is then molded
around the prefabricated post, and the post is inserted
into the root canal. Light curing is done for 10 seconds
to initiate preliminary resin composite curing. After this,
the post with the resin composite base is removed from
the root canal, and a complete curing is achieved through
additional curing. Resin composite is then incrementally
added layer by layer until the entire length of the post is
filled. Finally, the post is shaped appropriately, and addi-
tional light curing is performed.

After obtaining the anatomical post, the surface of
the post is prepared by applying 37% phosphoric acid for
30 seconds, followed by rinsing with water and drying
with air. Next, an adhesive is applied, and then cement
is placed into the root canal. Once the post is inserted,

excess cement is removed using a small micro brush.

After the anatomical post is securely placed, shaping of
the core can be performed to prepare for the subsequent
crown restoration (Figures 1 and 2)./'>) Rubber dam
application is advisable for this technique to reduce chance
of contamination. However, due to specific condition of
the patient a rubber dam was not used in this patient.

Indirect technique

An indirect fabrication technique of anatomical post
is very similar to direct technique. However, the proce-
dure is done on master model which comes from root
canal impression (Figure 3). When compare between the
two techniques it was found that direct technique can
reduce laboratory process but has the disadvantages of a
risk of resin composite locked in the root canal. On the
other hand, the indirect technique can reduce chair time,
improve accuracy, and decrease the risk of contamination.®)
Both methods of fabricating anatomical posts result in
fracture resistance close to that of metal posts and cores,
making them effective alternatives for restoring teeth with
flared root canals.®) However, the anatomical posts using
resin composite with glass fiber reinforcement often leads
to significant material interfaces due to the use of multiple
materials. This method involves several fabrication steps
and requires the skills of dentists or dental technicians to

ensure that the final piece fits well within the root canal,

which may affect long-term success.(”)

Figure 1: Clinical case for using direct technique to fabricate anatomical post and core. (A), Pre-operative radiograph: (B), Largest prefab-

ricated post was tried-in: (C), A smaller prefabricated post was used as an additional post: (D), Composite resin was applied onto the posts:

(E), Radiograph of pre-cementation of anatomical post: (F), Post-operative radiograph.



Direct anatomical post and core fabrication

Figure 2: Summary of clinical workflow for direct anatomical post

and core fabrication.

Digital fabrication technique for anatomical post
and core

The use of computer-aided design and manufacturing
in dentistry is another effective option for treating teeth
with flared root canals due to its ability to create custom-
ized root canal models. This allows the post to fit well and
adapt to the root canal. Additionally, using a single material
to manufacture post and core reduces material contact sur-
faces and minimizes shrinkage due to polymerization.'®)
CAD/CAM technology enhances the adaptation of the
dental post to the root canal and reduces the thickness
of the cement layer.(!”) Other advantages of CAD/CAM
systems include producing precise pieces, reducing errors
from human work that may lead to mechanical failures,
and the ability to use various types of materials.!®)

There are two ways of using CAD/CAM to fabri-
cate anatomical posts which are fully digital and half
digital.(1?)

Fully digital technique

Fully digital technique involves using an intraoral
scanner to scan the prepared root canal. After removing
gutta percha to prepare the space for the post as planned,
the intraoral scanner captures images of the coronal struc-

ture and the prepared root canal. The system processes
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these scans into a 3D image, which is then used for com-
puter-aided design to design the post and core. Subse-
quently, the designed post and core are manufactured
using milling or 3D printing machine. Once the post is
fabricated, it is tried in the root canal. After fitting, the sur-
face of the post and core is cleaned and prepared based on
the chosen material. Adhesive is applied in the root canal,
on the post, and the core. Cement is injected and cured
according to the manufacturer's instructions. Finally, the
core is shaped for subsequent crown placement (Figures
4 and 5).29 Similar to direct anatomical post technique,
rubber dam application is recommended. However, it may
interfere with the scanning process like in this particular
case. Therefore, the rubber dam was removed and scan-
ning process was repeated without a rubber dam.

An alternative to directly scanning of root canal is
to use Scan post™ (3shape; Copenhaegen, Denmark).
The Scan post has its extension into root canal and the
scan region similar to scan body used for implant resto-
rations. Once it is scanned the CAD software then calcu-

lates length and position of the root canal which is then

Indirect anatomical post and core fabrication

Root canal impression
¥
Try-in prefabricated fiber post on Master model
¥

Lubricate master model with water soluble agent
¥
Apply silane and bonding on the post
¥
Apply composite on post
¥

Insert post into root canal of master model

v

Light cure 10 seconds

!

Remove post and additional cure for 40 seconds

¥
Try-in anatomical post on master model
¥
Try-in anatomical post in patient’s root canal

!

Cement anatomical post

Figure 3: Summary of clinical workflow for indirect anatomical

post and core fabrication.
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Figure 4: Clinical case for using fully digital technique to fabricate anatomical post and core. (A), Pre-operative anterior view of tooth:

(B), Pre-operative occlusal view of tooth: (C), Occlusal view of 3D image from scanner: (D), Design of anatomical post: (E), Anatomical

post milled from milling machine: (F), Anatomical post cemented into tooth.

used for designed. A study has shown that the accuracy of
scanned root canal is similar with or without using Scan
post™. Therefore, it can be used if direct scanning is
prohibited.!

Half digital technique

Another alternative to direct root canal scanning is
half digital technique which utilizes extraoral scanner to
scan root canal impression(zz), wax, resin or polyvinylsi-
loxane® pattern to fabricate definitive post and core.

Half digital technique involving root canal impres-
sion

For this technique, a root canal impression is per-
formed using polyvinylsiloxane. After the impression is
made, a scanner is used to digitize it. CAD software is then
used to design the post and core accordingly. After that,
the material of choice can be selected and fabricated using
a milling machine or 3D printer (Figures 6 and 7).%

Half digital technique involving direct resin pattern
fabrication

In this technique, wax, acrylic resin, or polyvinyl-
siloxane is used to replicate the shape of the root canal,
and the core is also created using a resin pattern. An oral
scanner is then used to scan the post and core. CAD soft-
ware is subsequently used to design them, after which the
desired material is selected and fabricated using a milling
machine or 3D printer.?4

Direct scanning of root canal

Scan root canal

!

Evaluate scan for completeness

l

Design post and core

!

Fabricate with milling machine

!

Try-in post and core

!

Cement anatomical post

Figure 5: Summary of clinical workflow for fully digital technique.

When considering the advantages of fully digital
technique, it is evident that factors causing inaccuracies
in post and core fabrication, such as the use of impression

materials, gypsum, or acrylic resin, can be eliminated.
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Figure 6: Clinical case for using half digital technique involving root canal impression to fabricate anatomical post and core. (A), Root

canal impression: (B), STL file designed in software: (C), Post and core milled from a milling machine.

Half digital workflow

Make root canal impression/pattern
v
Scan impression/pattern

\
Design post and core
v

Fabricate with milling machine

v
Try-in post and core

+

Cement anatomical post

Figure 7: Summary of clinical workflow for half digital technique.

This approach also reduces chairside working time
and minimizes laboratory procedures.m) It was also
shown in a study that using fully digital workflow to fab-
ricate metal post and core was more accurate compared to
half-digital workflow.'”) However, if the post space is par-
ticularly long, the intraoral scanner scan depth may not be
enough. Additionally, in teeth with a small or narrow root
canal opening, using the intraoral scanner directly may not
capture all the details needed.®> It was also found that
the shape of the root canal affects the scanner’s trueness.
Specifically, if the post space is less than 14 millimeters in
length and the root canal opening has a diameter of more
than 2.2 millimeters, the intraoral scanner’s accuracy was
comparable to conventional impression techniques.?®
It is also recommended that, if root canal is longer than
10 mm, half digital technique or Scan post™ should be

considered.®®

Half digital technique involving polyvinylsiloxane
pattern fabrication

In this technique, polyvinylsiloxane was directly
injected into the root canal, and a rigid metal wire was
inserted to form the post and core pattern. The core was
created by overfilling the material on the prepared coronal
part. Once the material had set, the excess was shaped
into the ideal tooth preparation form using a diamond bur.
The pattern was then removed, inspected for defects, and
scanned. The scanned pattern was utilized to design and
mill a wax post and core, which was subsequently cast
into a custom metal post and core.??)

The material used to fabricate post and core with
milling machine includes metal, ceramic, and compos-
ite materials. However, the flared root canal is weaker,
therefore, material with similar modulus of elasticity to
dentin should be used.?”) It was found that composite
material such as polymer infiltrated ceramic (PINC) had
similar fracture resistance compared to metal and zirco-
nia when cemented into root canal. It also showed more
favorable failure mode as it was considered reparable.®)
Another composite material created for post and core is
fiber glass reinforced composite (Fiber CAD post&core;
Angelus, Londrina PR, Brazil) which has similar modulus
of elasticity as dentin but offer high flexural strength due
to its unidirectional glass fiber reinforcement. A study has
shown that using fiber-reinforced composite fabricated
with CAD/CAM has higher fracture resistance than con-
ventional anatomical posts and cores when cemented
into the root canal. It also demonstrated that the fracture
resistance of this material is similar to that of custom
metal posts and cores.?”) This result is also shown in
another study where fiber-reinforced composite fabricated
with CAD/CAM exhibited a higher fracture load than
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glass-reinforced fiber posts and anatomical posts in flared
root canals.®?) It has been concluded that anatomical
posts fabricated using CAD/CAM systems have high
precision and fit closely with the root canal, they provide
high frictional retention. Additionally, the thin layer of
cement allows the post to adhere well to the root canal.
Furthermore, the fabrication of anatomical posts through
milling creates a single piece (monolayer) for both the post
and core, which enhances fracture resistance and improves
stress distribution compared to traditional methods.?)
The thickness of the cement layer is an important
factor affecting bond strength, as cement has lower
strength than fiber posts. The greater the thickness of
the cement layer, the more it contributes to the volume
of voids and gaps within the cement and the shrinkage
that occurs during the polymerization process. As a
result, the bond strength between root canal and post
decrease.(%3D) The better adaptation of digitally fabri-
cated post and core results in thinner cement layer thus
increase bond strength. A study has shown that pushout
bond strength of CAD/CAM fabricated glass fiber post
was similar to anatomical post but significantly higher
than prefabricated glass reinforced fiber post.®!) More-
over, the amount of cement gap found in CAD/CAM
fabricated glass fiber post is less compared to anatomical

post and prefabricated glass reinforced fiber post.

Conclusions

Digitally fabricated posts and cores showed prom-
ising results compared to conventional methods when
restoring flared root canals. This technique can simplify
difficult procedures by improving adaptation and bond
strength between the root canal and anatomical post, there-

by increasing fracture resistance.
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