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Post-endodontic treatment using composite resin

cement and fiber post
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Abstract:

Adhesive post-endodontic treatment does not yet have a generally accepted clinical protocol. We perform this procedure
in our clinical practice since 2006. We have developed a clinically successful protocol. Tissues and materials which
relate to the the procedure are described following available research. Protocol is described in step-by-step.
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INTRODUCTION

The effort to preserve non vital teeth for their further
function has been a challenge since the advent of dentistry
as an independent medical field. We must focus on the
next phase of treatment: how to restore the tooth to its
original occlusal function for as long follow-up period as
possible without damaging residual tooth structure with
postendodontic treatment, from the advent of modern
endodontics during the second half of the 20th century,
after the introduction of new tools, techniques and
improved knowledge of biomechanics.

This task is a very common challenge for physicians,
especially in the anterior teeth, where the force acting on
the tooth during mastication is mostly non-axial and where
tooth trauma occurs more frequently [1].

In the past, in cases where the "ferrule effect” was not
respected, the physician had limited options for achieving
retention in the root canal. They either made an individual
root superstructure, or used self-tapping active posts
that wedged in the root canal walls. In the market, we
have encountered (and in part still do) a large number of
prefabricated posts for this purpose. Unfortunately, there
is a lot of evidence that (especially for more rigid types)
posts are very destructive [2-8].

Several factors have been identified that are associated
with these aggressive posts: active pressure acting on
the inner wall of the canal, preparation of the canal wall
leading to weakening of the dentin, and rigidity of the posts
resulting in trauma following tooth treatment. It must also
be said that the variant of three visits for the construction of
the root extension is very expensive, given the time spent.

The solution is a modern dentin adhesion. Instead of
using a non-adhesive, large, rigid post in the root space,
we will use the inner walls of the canals as a surface for
retention of the fiberglass posts and transmission of
masticatory forces. To create sufficient retention, we no
longer have to intervene in the apical third of the root canal
(Fig. 1).

This whole procedure, together with the restoration
of the tooth crown, represents a major change in the
established treatment method [9]. A change that offers a
stable and reliable solution in one visit.

ANALYSIS

The problem of post-endodontic treatment is so
complex thatitis difficult to simulate for acceptable clinical
use [10-12]. Most of the available literature is not clear on
the clinical side of things, which is crucial for the outcome.
To describe the entire clinical procedure, it is necessary to
understand the principle of individual steps, because their
quality will determine the outcome of the entire treatment.
The following factors will be discussed:

1. dentin

2. adhesion of cement to dentin
. composite resin cement
. prefabricated post
. adhesion of cement to the post
. subsequent prosthetic treatment (crown)

. Dentin

Dentin is the tubular
structure of a tooth that
accounts for most of its
volume. The dentin of the
human tooth consists of
70% inorganic, 18% organic

- OO0~ W

material and 12% water.
In the long run, due to its
mechanical properties,

it is considered to be the
most important structure in
terms of resistance to load
[9, 13]. Some studies show
reduced shear resistance of
the tooth in endodontically
treated teeth [14-17]. Each
dentin removal weakens the
tooth and increases the risk
of fatigue fracture. Thanks
to today's possibilities,
however, we do not need
to sacrifice dentin at the
expense of material for
further dental treatment
(Fig. 2). Removal of healthy
dentin can be described
as unnecessary. Steel
instruments used in the past
for endodontic treatment

Fig. 1. Comparison
of post and core
superstructure and
superstructure with
fiber post. 1. Stress
concentration at
the end of the cast
superstructure. 2. More
aggressive preparations
hiding unaesthetic
completion. 3.
Biological preparation
of the root around the
tip of the post. 4. The
ability of the dual resin
to fill sub-curves.
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did not create enough space in the root space to place
the posts without using a pre-drill for the post. However,
it has created a preform for the use of the intended post
disrupting the walls of the canal, for example, even when
used correctly in straight canals. The saddle-shaped apex
of such a preparation was a site of stress concentration
after post fixation (e.g., superstructure), which increased
the probability of an irreparable fracture [18]. Another
risk was the perforation formation in the curved root
canals. With the advent of Ni-Ti rotation systems came
the increased conicity of apical preparation. This allowed
better availability of the root system for rinsing agents
and better adaptation of the gutta-percha during thermal
condensation. To place the post at higher conicities, we
no longer need to reduce and further pre-drill the root
canal wall: we will keep it smooth without places where
there would be a concentration of stress. The difference in
structure between dentin near the dentin-enamel junction
and near the pulp is well documented. But we know less
about the structural differences between coronal and
radicular dentin. An increase in the number of dentinal
tubules in the apico-coronary direction is described [19].
The research is not consistent in the evidence of the
strength of the adhesive bond, but several studies show
reduced dentin adhesion in the root dentin compared to
the crown dentin. One explanation may be the difficulty of
cleaning the cavity and, with it, removing the smear layer
in the deeper parts of the root canal, which can disrupt the
bonding of the adhesive. However, the removal of the smear
layer in the root space is necessary due to the possible
penetration of bacteria through the dentinal tubules from
the outside of the tooth and into the smear layer as such.
EDTA solution 17% is the most commonly recommended
agent for this purpose. Other endodontic lavage solutions,
especially sodium hypochlorite, reduce the bonding of all
dentin adhesives. It doesn't even matter if we used multi-
step or one-step adhesive systems. Therefore, before
each adhesive preparation, the layer of damaged dentin
should be removed, either with a carbide rotary tool or by
sandblasting [20]. But we must keep in mind that the root
space is not easily accessible for sanding.

Clinical implications:

Considering the possibility of adhesive post-endodontic
restoration, reducing the clinical crown, which previously
preceded endodontic treatment as standard, may not be
the rule.

Dentin should be
treated with care to prevent
unnecessary removal of

otherwise healthy tissues.
To achieve this goal, the use
of an operating microscope
is very useful. For better
adhesion results, it is
recommended to remove a
thin damaged layer of dentin.

2. Adhesion of dentin

/ composite resin

cement

Adhesion of all parts
(Dentin / Cement / Post
/ Crown) is necessary for
the stress distribution. If
the tooth does not have
sufficient ferrule, the most
likely site of failure is the

Fig. 2. Proper
tissue preservation
when using the
fiber post (left)
and unnecessary tissue
loss in the drainage
situation (right)

adhesive bonding between the dentin and the cement [21,
22].

In general, there are two techniques for achieving a
combination of dentin and composite. The etch-and-rinse
technique removes the smear layer and demineralizes the
dentin with phosphoric acid, which leaves an exposed thick
layer of collagen fibers into which the primer penetrates
and, after the adhesive is applied, forms a network of
collagen fibers with a composite called a hybrid layer.
The self-etch technique combines etching and adhesive
processes in one step, with or without smear layer removal
and hydroxyapatite demineralization, and the hybrid layer
is formed by self-limiting acidic substancesin the adhesive.
Previous generations of self-etch adhesives have shown
many disadvantages [23]. But the latest generation of
ultra-mild self-etch adhesives shows promising results
[24].

As already mentioned, some studies show a decreasing
bond strength apically in the root space, while others
disagree. This discrepancy between studies may be due
to the same level of adhesion quality in the root canal,
which is difficult to achieve, especially if the space is very
narrow [25]. However, most studies show a lower bond
strength in root dentin compared to coronary dentin. It is
clear that this procedure is a clinical challenge and needs
to be given great attention and care [26]. It is a matter of
further examination whether it would be better to remain
in the coronary third of the root and have better adhesion
control or to try to achieve adhesion deeper in the root, but
with less predictable results [27, 28].

During 15 years of working with fiber posts as part of
our clinical practice, we gradually reduced the length of
the adhesive surface in the root from 12-18 mm to 8-10 mm
based on observations (Fig. 2).

Fig. 3. SEM image from the tip area of the fiber
post located to a depth of 16 mm. A thick smear
layer and the absence of adhesion are visible
(A, B). For SEM comparison, image of the same
tooth just below the level of the medullary cavity.
A well-formed hybrid layer (C, D) is visible.
Figure author: Dr. Lenka Roubalukov6, Ph.D.
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Clinical effects:

Today, etch-and-rinse adhesives are still considered to
be the best option for dentin light adhesion, so whenever
light polymerization can be achieved, this procedure is
recommended [29]. However, when the depth reaches
more than 8 mm, the use of a catalyst can help to achieve
better polymerization of the hybrid layer (Fig. 3). The
etching time can be extended to 30 seconds to remove the
thicker smear layer. The light polymerization time should
be extended to 60 seconds.

3. Composite resin cement

Composite resin cement is a material with a similar
composition to a filler composite resin, but the filler
content is lower, usually below 50% by volume. Today,
however, there are already cements on the market with
a filler content approaching 50% by volume, which is the
stated boundary between cements and filler composites.
The physical properties of cements with a higher filler
content are close to those of filler composite resins, with
the exception of consistency (they are less viscous) and
abrasion resistance, which is much lower than that of filler
resins. Composite cements are used as a fixing material
in prosthetics. As such, they are usually self-polymerizing
or dual-curing. These cements bond to the hybrid layer in
the same way as filler resins. The setting time is between
3-5 minutes, which allows the operator to manipulate
at least 60 seconds to position the desired one or more
posts. Due to the high filler content, the stress caused
by polymerization shrinkage inside cavities with a high
C-factor is a much bigger problem (Figures 5, 6). While
most studies compare self-curing, dual, or light-curing
materials, it is not observed whether during dual-curing,
the material is first allowed to solidify chemically prior to
light polymerization alone. Slow chemical solidification
before light curing leads to a reduction in polymerization
stress and helps to improve the internal structure of the
material before the onset of the gel phase and to avoid
unwanted craze lines [30-32].

Another problem with dual-setting cements is the
presence of air bubbles. The oxygen contained in the
bubbles preventstheresin from solidifyinginthe immediate
vicinity, which can theoretically lead to a deterioration in
the physical properties of the material. However, we did not
confirm this hypothesis in our observations.

In the search for the best possible adhesion and strength,
composite resin cement is a
better choice than so-called
"self-adhesive cements, "
which usually consist of resins
modified with glass-polymer
cement. They do not require
adhesive preparation of dentin,
except for surface cleaning,
although some articles
recommend conditioning with
polyalkenic acid, which they
say improves the adhesion of
cement to radicular dentin. In
terms of compressive strength,
there is not much difference
between resin cement and
resin-modified glass-polymer
cement.

It was found that the
optimal cement thickness
for post fixation is
approximately 200um.

Fig. 4. In a situation
of greater destruction
of the clinical crown,
the fiber post extends
deeper into the
root to replace the
adhesive surface.
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Many pre-drill systems do not have such a difference
between a pre-drill and a post, and therefore a pre-drill
one size larger than the corresponding post size could be
better served. [33]

The use of dual-setting cements is also discussed for
their conversion rate. Available research favors shorter
posts for better light polymerization. [34]

Clinical effects:

If the choice of fixing material for fiber posts is based on
the best possible physical properties and retention, then a
high filler composite cement should be used. On the other
hand, if the situation does not require the highest possible
bond strength and the post serves as a more or less
prepolymerized filler, itis much easier to use self-adhesive
cements instead.

When applying cement and placing the post, it is
recommended to let the cement polymerize chemically for
3-4 minutes and then with light to reduce polymerization
stress.

4. Prefabricated post

The technology of fiber posts penetrated post-
endodontics in 1990. [35] Composipost (RTD, France)
contained carbon fibers and was the subject of the first
clinical studies. [36-38]

The reason why fiber posts are considered a better
option than previously used titanium or other metal
posts is not only their aesthetics, but also their physical
properties — the modulus of elasticity much closer to
natural dentin. [39, 40] Fiber posts also create less stress
on dental tissue during potential failure. Unlike more rigid
posts, the compressive forces in the fiber posts result in
debonding or a post fracture that retains the root. [3, 8, 41]
This mechanism is considered to be an advantage of fiber
posts (fail-safe), especially when using shorter posts. [28]

Inthe lastten years, the situation between prefabricated
fiber posts has changed dramatically. Ten years ago,
there was limited information on how they work and many
products on the market failed even in simple stress tests.
[42, 43] Today, however, there are several products
available that can withstand 2 million load cycles without
failure. [44] Glass and quartz are the most commonly
used fibers today, the matrix is usually epoxy resin, UDMA
or other acrylates. The shape and size of the pins should
correspond as closely as possible to the root space so that
the forces inside the root are evenly distributed, so that

Fig. 5, 6. Situation with an extensive root
cavity of the middle incisor. The use of
three root posts helps to compensate

for polymerization shrinkage.

Volume 19, no. 1/2021 | Endodontics



26 ‘ 0630pbI /| Reviews

the most suitable prefabricated shape is conical or double
taper. Such a shape creates a rigid neck portion and a
relatively flexible tip. [45] Concerning the diameter of the
fibers, their density and their distribution in the posts, there
are still questions to be answered. We strive for a balance
between strength, durability, flexibility and bending
resistance. However, it is clear that better internal integrity
(less porosity within the material) increases fatigue
resistance. Many other factors need to be considered
for clinical significance, especially root adaptation and a
fixation method that distributes stress more evenly. Several
studies indicate that individually made fiber posts have
greater fracture toughness compared to prefabricated
pins, but this benefit has not been demonstrated in the
long term. [46, 47]. In addition, it is a relatively complicated
clinical process that may not show the expected results
due to its own procedural errors and internal defects.

Clinical effects:

When deciding which prefabricated posts to use, it is
advisable to find current information about their physical
properties. Some of the products do notreach the expected
quality. It is likely that we will see further improvements in
the physical properties of the posts and fixation.

5. Adhesion of cement to the post

Because fiber posts are made of glass or quartz fibers
and various matrix resins, the recommended adhesive
protocol for fiber posts includes enlarging the adhesive
surface (sandblasting, HF etching), silanization, and
subsequent application of the adhesive. [48, 49] This is a
relatively complicated procedure for making in the office,
but it is necessary if we want to achieve the maximum
possible force of adhesion. As mentioned above, the
clinical outcome depends not only on the quality of the
dentin, cement and pin, but also on the interconnection of
all these components. Inhomogeneous interconnection of
all substrates can significantly affect the result of the whole
system.

There are several products on the market that offer an
adhesively pre-prepared surface of the posts using PVD
(Physical Vapor Deposition) technology, which is activated
by embedding in a dual-setting composite cement.
[50] The result is not better than the above-described
procedure in adhesive preparation, but a relatively useful
and time-saving solution in everyday practice.

Clinical effects:

We have put into practice for most of our cases quartz
fiber posts with an industrially prepared adhesive layer in
search of maximum quality and at the same time ease of
use. In the case of posts without this surface treatment,
alcohol cleaning and adhesive preparation must be carried
out before application.

6. Prosthetic treatment

(crown)
The crown, regardless
of the material used, is

intended to return the tooth
to its original or optimal
shape and function. It is also
another and, according to
some, more important barrier
that prevents reinfection of
the root system and should
increase or at least not

Like endodontic treatment, preparation for the crown
requires the preservation of as much dental tissue as
possible. Any tissue reduction must be done with great
caution. The advantage is adhesive fixation, where the
adhesion to the preserved enamel is much stronger than
the adhesion to the dentin. [51]

Themostimportantfactorinthedesignofthe preparation
is the shape and amount of ferrule. The principles of
preparation for the crown have been described in detail,
and for this purpose a small convergence of the stump is
important. However, the amount of tissue both horizontally
and vertically in the area of the neck of the crown, the so-
called ferrule, is considered crucial for a good prognosis. It
hasbeenshownthata 1imm ferrule doublesthe prognosis of
a tooth compared to a situation where no ferrule is present
and the only retention basis for the crown is the extension
fixed to the root canal. The optimal size of the ferrule is at
least 2 mm vertically and at least 1 mm horizontally. [52,
53] If such a ferrule cannot be obtained, we must consider
surgical extension of the crown or orthodontic extrusion
(Figs. 7, 8) [54].

Clinical implications:

If the tooth is prepared so that we have 2 mm or more
ferrule, it is often not necessary to use fiber posts for
molars. In the case of premolars and anterior teeth, their
use is beneficial for a more advantageous transmission of
forces and higher retention of completion. The situation
may be unclear when we do not know the quality of future
preparation (especially in reported endodontic cases), itis
appropriate to use posts to ensure retention.

Clinical procedure

1. Insulation

Adhesively created extensions require absolute control
of the working field. If the edge of the cavity is deep,
advanced insulation skills are often needed to ensure an
absolute dry field. Stable buckles should be used and a
thicker latex membrane is an advantage. Occasionally,
additional precautions are necessary because the time
between application of the cement and its setting is a few
minutes and any rise can be dangerous for adhesion. The
worst case scenario would be the release of the buckle on
the uncured cement with a post. If necessary, we perform
a pre- or single-phase surgical extension of the crown
(Fig. 9).

2. Caries excavation

Before starting further
treatment, the caries is first
removed to determine the
reconstructability of the
tooth. After removing the rigid

Fig. 7, 8. Extreme condition of use of fiber post at tooth 21. Minimal ferrule
only on a part of the preparation circumference. Align tooth 11 with the

worsen the resistance of the normal condition of the adhesive backing. Clinical picture and intraoral X-ray

remaining dental tissues.

10 years after fabrication. Unilateral extension of the clinical crown would

lead to an unaesthetic condition. Crowns: Dr. Radek Mounajjed, DDS, PhD.
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Fig. 9. Operating field isolation.
Original superstructure removed.

Fig. 11. Superficial revitalization of dentin (fresh
cut) after completion of endodontic treatment.

posts, check for possible infections under an operating
microscope (Fig. 10).

3. Filling the root canal

The root filling should be deep enough with a flat
gutta-percha surface perpendicular to the root wall to
accommodate the adhesive backing. The recommended
depth from the edge of the cavity is 8mm (Fig. 4).

4. Cavity dressing

In situations where natural undercuts occur in the
walls of the canal, the presence of gutta-percha or other
impurities should be checked to avoid a reduction in
retention forces. The presence of a sealer on the walls of
the root canals should be avoided. If the sealer has already
solidified on the roofs, it will be removed during dentin
cleaning and revitalization. If an uncured sealer is present,
it must be thoroughly removed. In our practice we use
AH 26 (Dentsply, Germany), which is greasy and difficult
to remove. The combination of ultrasound (PS tip, EMS
Dental, France) with massive cooling and a microbrush
(Microbrush International, USA) is usually sufficient.

5. Dentin refreshment (fresh-cut)

Since dentin is degraded by endodontic lavages and
may also contain more oxygen due to the interaction of
NaClO with organic substances, it is necessary to obtain
freshly prepared dentin using a ball drill of suitable size and
length. Use 2000-3000 rpm, without cooling and without
pressure (Fig. 11, 12).

Pre-drills, which should be one size larger than the
planned fiber posts, should be treated in a similar way as in
the previous step. It is not suitable to use it as an extension
tool. Slow speeds without leverage and pressure should be
used.

All dentin sawdust must be removed. The best option is
ultrasound with a blunt tip and intensive cooling.

0630pbI / Reviews ‘ 2/

Fig. 10. Condition after excavation
of the carious lesion.

Fig. 12. Condition of dentin substrate
after cleaning.

Fig. 13. Adhesive preparation. 4th generation
adhesives. (Optibond FL, Kerr Corporation,
Orange, USA) The retraction fiber is used
as an adjunct to maintain a dry operating
field (Ultrapak # 3, Ultradent, USA).

6. Adhesive protocol

A phosphoric acid gel (37%) was applied to the entire
cavity and allowed to act for 30 seconds, then rinsed with
a continuous stream of water for an additional 30 seconds.
If the root canal is narrow and deep, it is necessary to use
a thinner cannula, ideally Stropko irrigator (Stropko, USA).
All acid and dissolved hydroxyapatite residues must be
removed. Excess water can be removed with the tip of the
suction cup and in narrower cavities using a microdose or
paper pins.

Subsequently, a large amount of primer is applied using
a microbrush or a narrow brush with long bristles. Excess
is removed with a suction cup and chip-blower. Watch for
water droplets coming out of the air gun to prevent the
primer from washing out. The bond is then applied for 20
seconds and then the excess is blown out again with air. If
necessary, paper pins are used.

Volume 19, no. 1/2021 | Endodontics



28 |

0630pbI / Reviews

Fig. 15. Addition
of hybrid filling
resin to the desired
shape (Enamel HRi,
Micerium SpA, Italy).

The polymerization must
last at least 60 seconds
to achieve sufficient light
intensity at the bottom of the
root canal cavity (Fig. 13).

7. Application of composite

Fig. 14. Dual composite
cement (EnaCem, HF,
Micerium SpA, Italy)
is applied and the pin

. . cement
is placed (DT Light SL, There is a relatively
VDW GmbH, Germany). 0 risk of air bubbles

forming in the dual-setting
cement without suitable appliance. The best solution is a
carpule applicator with a metal cannula (AccuDose 20ga
NeedleTube, Centrix, USA). Cement is applied from the
bottom up under visual control (yellow filtered light), where
we can immediately locate and remove bubbles. Special
porosity must be paid to undercuts so that airis not trapped
inthem.

A certain time is given for the application of cement,
which depends on the type of cement used. Personally, |
prefer dual-setting cements with a longer handling time of
up to 90 seconds and a setting time of 3 or more minutes.

8. Fiber post placement

Fiber post placementis a simple process for a single root
tooth or using only one post. Whenever we use more than
one post, there is a risk of incorrect placement, especially
if they are of different sizes. It is not advisable to move
them too vertically in the cement to prevent air entrapment
in the material. Conversely, a slight vibrational motion can
help to evenly spread the cement around the insert post.

When placing multiple posts, itmust be tested inadvance
that they do not interfere with the pulpal cavity. In this case,
we must determine the order of insertion of the pins or one
of them can be shortened. Personally, | do not see a benefit
in the implicit shortening of posts before insertion into the
canal. On the contrary, | see it as an advantage to leave
the postin their original length whenever possible. This will
provide better handling, preserve their color coding, and
further reduce the risk of breaking the adhesive layer of the
post.

Theinsertion of the post must be done passively, without
wedging and creating permanent stress on the cavity wall.

After placing the post, we can add more dual-setting
cement to the empty narrow spaces and around the post
and cavity walls (Fig. 14).
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