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ABSTRACT

Background: In order to ensure sufficient resistance against functional
forces for dentin, which is severely weakened by excessive material loss in
single-root single-canal teeth with previous root canal treatment, maximum
retention and resistance must be the target.

The main purpose of this study is to evaluate the shear rupture resistance of
the chosen three kinds of posts placed in the teeth roots, against forces that
could occur in the replicated mouth.

Methods: Freshly extracted 45 teeth -maxillary canin and maxillary central-
have been used in our study. Crown portion of the tooth was removed by
cutting away 1 mm over the enamel cement junction. Root canals were
obturated with a lateral condensation technique using AH-26 and gutta
percha sealer. In the study, 15 specimens each from Flexi-Post, Cosmopost,
and FRC Postec post systems have been placed in sockets opened down
through teeth by using specific burs for each system. A dual cured composite
cement Variolink Il Low Viscositywas used to bind posts. Prepared specimens
were put in steel hose by using acrylic resin. Standardized core material
Coradent was applied onto top side of posts, and steel hoses were connected
to Lloyd test instrument with an angle of 45 degrees. A force with a speed
of 1 mm/min was applied to the specimens. Compression shear rupture
values were recorded and One Way ANOVA and Kruskall-Wallis analyses were
conducted for statistical evaluation.

Results and Conclusion: Highest values were obtained in Flexi-Post group.
FRC Postec was the second, and Cosmopost had the lowest strength values.
However, all the systems provided adequate resistance against forces that
could occur in the mouth, hence it was concluded that they can be utilized
clinically.
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(04
Oz: Kanal tedavisi uygulanmms Tek koklii dislerde asin madde kaybr
nedeniyle yapisi zayiflayan dentinin fonksiyonel kuvvetlere kars1 yeterli

dayaniklilk gosterebilmesi icin uygun bir post sistemiyle retansiyon ve
rezistans saglamaya calisilmalidir.

Amag: Bu calismanin amaci dis koklerine yerlestirilmis iic farkli postun agiz
icinde olusabilecek makaslama kuvvetlerine karsi kirnlma dayanclarinin
degerlendirilmesidir.

Gereg ve yontemler: Calismada yeni cekilmis 45 adet Ust-kanin ve santral
dis kullanmlmistir. Dislerin kron bolimi mine-sement birlesiminin 1mm
Uzerinden kesilerek uzaklastinlmistir. Kok kanallar lateral kondensasyon
teknigi ile guta perka ve AH-26 kanal dolgu maddeleri kullanilarak
doldurulmustur. Calismada Flexi-Post, Cosmopost ve FRC Postec post
sistemlerinden 15 er adet 6rnek kendi drilleri ile dislerde acilms yuvalarina
yerlestirilerek hazirlandi. Postlarin yapistinlmasinda dusik vizkoziteye
sahip dual cure kompozit siman kullanildi. Hazirlanan 6rnekler akrilik rezin
kullamlarak celik manset icine alindi. Postlann lizerine standardize edilmis
core materyali uygulandiktan sonra mansetler 45 derece aciyla Lloyd test
cihazina yerlestirildi. Orneklere test cihazinda 1mm/dakika hizla kuvvet
uygulandi. Uygulanan makaslama testi sonucunda her 6rnek icin kirilma
kuvveti degerleri kaydedilerek istatistiksel degerlendirme yapildi.

Sonug: En fazla dayanci Flexi-Post gosterdi. ikinci derecede dayanci FRC
Postec gosterirken en az dayanci da Cosmopost gosterdi. Ancak yapilan
degerlendirmede her ii¢ post sisteminin de agizda olusabilecek kuvvetlere
kars1 yeterli dayanc1 gosterebilecegi ve klinik olarak kullamlabilecegi
sonucuna varildi.

Anahtar kelimeler: post ve corelar, post sistemi, prefabrike post
sistemleri

INTRODUCTION

A tooth that maintains crown integrity with no structural defects has
sufficient strength against masticatory forces. However, if a certain
tooth has undergone root canal treatment because of trauma or caries,
its dentin integrity would be weakened due to excessive loss of
material and cannot provide sufficient strength against functional
forces. Supporting such a tooth with a post system ensures that the
tooth survives in mouth. (?)

Endodontically treated teeth with excessive loss of material in the
crown section are observed to suffer more fractures against functional
forces in comparison to vital teeth.(>?) It has been shown in literature
that stress resistance of these teeth decreases while brittleness
increases, both caused by insufficient moisture and material loss in
dentin. (3)

Tooth supported crown and bridge prostheses have biomechanical and
physiological advantages over mucosa-supported prostheses.
Therefore, oral rehabilitation based on tooth-supported occlusion is
preferred. Most significant benefits include masticatory muscle
efficiency and tooth stabilization, as well as preservation of vertical
size and supporting tissue. Therefore, even when excessive crown

Gonderilme Tarihi/Received: 18 Ocak, 2023
Kabul Tarihi/Accepted: 20 Subat, 2023
Yayinlanma Tarihi/Published: 27 Nisan, 2023

Atif Bilgisi/Cite this article as: Kocacikli M, in Vitro Evaluation of The Resistance of Three Different Post Systems

Against Functional Forces. Selcuk Dent J 2023;10(1):48-56 Doi: 10.15311/ selcukdent;j.1238859

destruction is observed, remaining tooth structure utilization should
be maximized. ()

Endodontically treated teeth may have lost a significant portion of
their existing crown structure due to an access cavity, an existing
restoration, or caries, which is the biggest cause of endodontic
problems. In many cases, crown section support from root canals may
be required to ensure durability and retention of restoration. Post and
core system proves to be significant among methods used for this
purpose. (°)

Problems may arise in the treatment of excessively tapered and wide
canals caused by incomplete root development, endodontic
restorations, pulp pathologies, caries, or idiopathic reasons. Utilizing
traditional, tapered, or cast posts may cause fractures in the coronal
section, already weakened by wedge effect. Crown restoration
conducted by supporting the weak root through the canal with
appropriate adhesives and post-core procedures may help prolong
teeth functionality in the mouth. Many researchers have advocated
that composite resins are similarly suitable materials for core and post
construction as well as traditional metallic root posts, and reported
successful results. ()
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This study was planned to compare the resistance of traditional
prefabricated metal post systems, glass fiber-based post systems and
ceramic post sytems used to support root canals with excessive crown
destruction as a result of caries or endodontic treatment, against the
forces that they may be exposed to during function in the mouth.

MATERIAL AND METHOD

The research was carried out in Ankara University Faculty of Dentistry
Department of Prosthodontics and Ozdemir Dental laboratory.

In this study, post material reinforced with glass fiber (FRC Postec,
Ivoclar-Vivadent, Schaan, Lichtenstein), a non-metallic ceramic post
material preferred for aesthetic purposes (Cosmopost, Ivoclar-
Vivadent, Schaan, Lichtenstein) and a prefabricated metal post
material (Flexi-Post, Essential Dental Systems, NewYork, USA) were
used, and their strength was investigated by shear test in vitro
conditions. (Fig. 1, 2, 3)
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Figure 1. Schematic drawing of prepared tooth samples

Figure 2. a- Acrylic bottom alignment model
b- Top view of brass adapter
c- Side view of the brass adapter
d- Side view of the steel cuff

e- Top view of steel cuff

Figure 3. Aparatus, brass adaptor and steel ring

A- Preparation of Test Samples:

In the study, 45 newly extracted maxillary central incisors and
maxillary canine teeth were used. The teeth were extracted
within last 24 hours, and their pulps were extirpated as soon as
they were extracted to prevent dehydration, ensuring that they
were preserved in a buffered formol solution. Tooth selection was
carried out carefully ensuring that root sizes were close to each
other; excessively long and short roots were excluded from the
study. Teeth with an average root length of 16 mm, a bucco-lingual
diameter of 7 mm, and an average of 6 mm mesio-distal were
included in the study. Roots were examined at x4 magnification
and teeth with cracks were excluded from the study. During the
experiment, gloves and masks were used against the risk of cross
infection.

Forty-five maxillary central incisors and maxillary canine teeth
were randomly divided into three groups of fifteen. The teeth
were kept in buffered formol solution at room temperature until
experiment phase.

Selected teeth were cut at 1 mm coronal of enamel - cement
junction with a diamond separator under water cooling, and the
crown and root sections were separated from each other. The
canals were enlarged by step-back method, starting from 1 mm
coronal of the foramen apical and master apical file 40 by
circumferential filing with K-type files (Roeko, Germany). 2.5%
NaOCl was used as irrigation solution while expanding the
channels. Utmost attention was paid to ensure that the amount of
dentin remaining in the coronal of the tapered root canal space
created during the expansion process was equal to each other. For
this purpose, at least 1 mm of dentin was left by using caliper.

After root canal preparation was completed, canals were washed
a last time with distilled water. It was dried with air spray and
paper cones (Roeko, Germany). Canals were completely filled with
AH-26 (Dentsply, Germany) paste and gutta-percha (Roeko,
Germany) using the lateral condensation method.

After canals have been filled, the post cavities were prepared.
Gutta-percha was removed using endodontic plugger with heat
technique. A 5 mm canal filling was left at the apical part of the
teeth.

A 1 mm deep and wide right angled shoulder margin preparation
was made by using a 1 mm diameter diamond fissure bur and an
aerotour to provide a ferrule effect on the cervical region of the
tooth. (Fig. 1)
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An acrylic block (Fig. 2a) was cast to facilitate the connection to
parallelometric milling device (Mariotti C. & SnC., Forli, Italy) and a
brass adapter (Fig. 2 b, c) prepared for inserting steel ring was placed
in the middle of the acrylic plate and waited for polymerization.
Polymerized acrylic model and brass adapter were fixed onto the
same plane with screws after the lower plane of the parallelometric
milling device was fixed magnetically. After the cuff was attached to
the brass adapter, autopolymerizing acrylic (Acrybel, Turkiye) was
poured into 1 mm thick, 19 mm in diameter, and 20 mm high steel
cuffs (Fig. 2 d, e), which were previously prepared and covered with
stretch foil. The teeth were attached to lentulo, and lentulo to the
handpiece of parallelometric milling device, and the
autopolymerizing acryl was embedded without hardening, at a right
angle to the cuffs placed parallel to the ground plane in paralometric
milling device, up to the enamel dentin junction, that is, up to the
line where the step starts. Thus, in a position perpendicular to the
ground plane, long axes of the teeth were standardized and placed in
the cuff.

Preparation of Flexipost Group Samples:

Following the hardening of autopolymerizing acrylic, 10 mm cavities
were drilled into 15 teeth with two burs of Flexipost set at 2000 rpm
without losing their position. By using a parallelometric milling
device, each was placed in the same position and post spaces were
prepared in the same position. As soon as the samples were prepared,
they were thrown into the buffered formol solution to prevent
dehydration.

Root canals were then dried with a paper cone and oil-free air just
before the posts were placed. After 15 seconds of acidification with
Total Etch (Ivoclar-Vivadent, Schaan, Lichtenstein), the root canal
was removed from acid with pressurized steam (Presstherm, Bego,
Germany) for 10 seconds. Afterwards, the root canal was dried with a
paper cone and oil-free air and made ready for 10-second Syntac
Primer (Ivoclar-Vivadent, Schaan, Lichtenstein) and 15-second Syntac
Adhesive (lvoclar- Vivadent, Schaan, Lichtenstein) applications. After
these procedures, Variolink Il Low Viscosity (lvoclar- Vivadent,
Schaan, Lichtenstein) adhesive resin cement, mixed with a spatula for
15 seconds without air gaps and applied to both the canal and post
surface with the help of a lentulo, was applied to each Flexi-Post post
with a compression appliance, and screwed into the canal after that.
Flexi-Post posts with a diameter of 1.4 mm and a length of 14.5 mm
were used. Excess cement was cleaned with a brush, and the cement
was hardened via shining a light source from occlusal (Translux,
Kulzer, Germany) for 60 seconds. Samples ready for Core application
were connected to parallelometric milling device again. Core material
Coradent (lvoclar- Vivadent, Schaan, Lichtenstein) was mixed with a
plastic spatula on a paper pad with slow and circular movements at a
ratio of 1/1 and made ready for application. A metal crown was
prepared to match the acrylic tooth prepared in predefined
proportions. Coradent self-cure composite core material, placed in
the handpiece of the paralometric milling device in the same
direction and filled in the crown insulated with silicone oil, was
applied on the posts. All this effort ensured that the core structure
was standardized in terms of placement angle and volume.
Excessively incompatible sections of the core structure on the margin
preparation were cleaned with aerotour and diamond bur without
damaging the step and main structure. Finally, thermal cycles were
applied to prepared samples manually at 5-37-55 °C 100 times.

Preparation of Cosmopost Group Samples:

Post cavity preparation, bonding, core and thermal cycle applications
in Cosmopost group samples are the same as Flexi-Post group samples.
The only difference was shortening 20 mm Cosmopost down to 14,5
mm using a diamond disc after the bonding process, and core
application was started after this process. Cosmopost posts 1.4 mm in
diameter and 20 mm in length (shortened to 14.5 mm) were used in
our study.

Preparation of FRC Postec Group Samples:

Post cavity preparation, bonding, core and thermal cycle applications
in FRC Postec group samples are the same as Flexi-Post group samples.
FRC Postec posts 1.5 mm in diameter and 15 mm in length were used.

B- Preparation of the Test Setup:

In order to carry out shear-compression rupture tests, the
apparatus that allows the samples to be positioned and connected
to the test device was prepared from steel in the dimensions given.
(Fig 3,4)
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Figure 4. Schematic drawing of adaptor
C- Test technique:

The steel ring in which the specimens were placed were fixed with
a screw to the 45 degree section of the apparatus made for
adaptation to the test device (Lloyd LRX, England) where the shear-
compression rupture test would be conducted. Then, force was
applied under pressure set at 1 mm/min until fracture occurred and
shear-compression rupture test values were recorded for each
sample.

D- Statistical evaluation:

The results obtained from the experimental samples were grouped
and listed in a table, and variations were determined by statistical
evaluation. One-way analysis of variance (one-way ANOVA), Levene
test, Kruskal-Wallis test, Bonforonni correction and Mann-Whitney
U tests were conducted for this purpose.

RESULTS

In our study, compression shear rupture values of FRC Postec,
Cosmopost, and Flexipost groups are given in Table 1, and graphic
examples of the minimum and maximum fracture values are
resulted.

Median, standard deviation, standard error, minimum and
maximum values and number of samples for the groups according
to one way analysis of variance (One way ANOVA) are given in Table
1.

Table 1. Statistical Values (Newton) for FRC Postec (P),
Cosmopost (C) and Flexipost (F) Groups

Group P 270,41 437,82 46,1016 11,9034 195,67 338,83 15
Group C 213,046 217,73 28,1279 7,2626 151,94 251,75 15
Group F 426,316 437,82 69,7451 18,0081 305,62 585,65 15

According to One Way Analysis of Variance (One way ANOVA), limits
within 95 % confidence interval are resulted.

Examination of refraction value distribution according to the groups
revealed that variances were not homogeneous according to the
Levene Test (L= 7.404, p=0.002).

"Kruskal-Wallis  Analysis of Variance" test, nonparametric
equivalent of analysis of variance, was utilized. The results are
shown in Table 2.
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Table 2. Results of Kruskal-Wallis Analysis of Variance

RIS e --

Cosmopost Group 15 32,525 0,0001

Flexipost Group 15 37,67

According to this, the difference between the groups in refraction
values was determined to be significant (Chi-square x2= 35,525,
p=0.0001).

Since the difference between the groups was significant,
comparisons were made after "Mann-Whitney U" test and "Bonforoni”
correction were made in pairs.

Comparison between Flexipost and FRC Postec groups gave the
results in Table 3, and it was determined that the difference in
fracture values between Flexipost group and FRC Postec group
(U=5.00, p=0.0001) was significant.

Table 3. Comparative statistical results of Flexi-Post and FRC
Postec

Flexipost 22,67 0,0001

FRC Postec 15 8,33 125

Comparison between Flexipost and Cosmopost groups gave the
results in Table 4, and it was determined that the difference in the
fracture values between Flexipost group and Cosmopost group
(U=0.00, p=0.0001 ) was significant.

Comparison between FRC Postec and Cosmopost groups gave the
results in Table 5, and it was determined that the difference in
refraction values between FRC Postec group and Cosmopost group (
U=39.00, p=0.002) was significant.(Fig.5)

No root fractures were observed during the tests. It was observed
that the posts were either fractured in the cervical region, or did not
break by flexing. Especially FRC Postec post system did not suffer
any fractures. However, it was also observed that the post cracked
vertically within itself from the middle of the post towards the root
canal.

Table 4. Comparative statistical results of Flexi-Post and

Cosmopost
Flexipost 0,0001
Cosmopost 15 8 120

Table 5. Comparison of FRC Postec and Cosmopost

FRC Postec 0,002

Cosmopost 15 10,6 159

600

Figure 5. Graph showing the minimum, maximum and average
refractive values of the samples (F=Flexi-Post, C=Cosmopost, P=FRC
Postec)

DISCUSSION

Despite numerous studies on materials and preperation techniques
for posts and cores, there is no consensus. Despite the recent
developments in casting techniques, post and core stages of casting
take time, require additional appointments, and increase costs.
However, both cast and prefabricated posts are used today according
to the characteristics of clinical cases.(”?) In cast posts, canal
undercuts may prevent adaptation. However, in prefabricated posts,
undercuts are used for retention and unnecessary material loss is
prevented. (]) Positive casting defects and air gaps are some of the
disadvantages of cast posts in terms of stress area and wedge effect,
which are not suffered by prefabricated posts. Sorensen and Martinof
reported that the biggest failure was in short-length posts, because
of a number of reasons including insufficient measurements, yet root
canal cavity was easier to prepare in prefabricated posts.(°) These
conditions encourage physicians to produce prefabricated posts. In
many cases, the possibility of excessive material loss in coronal
region may increase, because in prefabricated posts, a suitable canal
is prepared for the post instead of a post suitable for the canal. ()
If root canal cross-section is elliptically tapered as opposed to
circular, or if material loss is high, cast posts are often preferred. ('*
2) Techniques using fabricated posts have been standing out in
recent studies. (%)

Advantages of prefabricated non-metal posts include use of resins to
ensure maximum adaptation of the post onto the canal, and reduced
number of sessions and laboratory procedures. FRC Postec and
Cosmopost systems, the post systems we used in our research, also
have these features.

Studies on Flexi-Post, one of prefabricated posts, determined that
Flexi-Post is the most retentive, and delivers sufficient stress
distribution in comparison to other metal posts used. ('*'%) Our study
also favoured Flexi-Post and tested due to its retentive properties
and stress-distributing structure.

Application of Flexi-Post creates threads in canal. Studies have
shown that shortening the last three screw threads on apically may
lead to a significant decrease in Flexi-Post retention. ('*'%)
Accordingly, Flexi-Post was not shortened at all. However, both other
post systems have gone through shortening; Cosmopost has been
shortened from coronal section, and FRC Postec was shortened as
well.

Metal posts, and especially those used with metal cores, can lead to
fracture as they are corroded by galvanic current in the mouth. (')
However, Fovet et al. reported that non-metal posts did not have
corrosive properties in the presence of galvanic current and oxygen.
("7) This is one of the basic principles behind choosing non-metallic
posts as an alternative to metal posts in our study.

One of the biggest causes of vertical root fractures is excessive
expansion of the root canal cavity diameter for a larger post. (°)
Trabert reported that root fractures are less common in small
diameter posts. (®) The posts used in our study are also 1.4 mm in
diameter.
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According to Goldman, surface shapes of the post are more important
than the length, and the parallel-sided is more retentive than
tapered, and serrated one is more retentive than the one with a
smooth surface. ('°) It was also reported by the same author that the
length of the post is more important than the diameter, and the
change in diameter does not make a significant difference in
retention. Despite this, achieving standardization was attempted by
choosing posts similar in diameter and length for the study.

Following acidification of dentin, the resin material is mechanically
locked into the opened dentin canals, thereby strengthening the tooth
structure in the cervical and coronal regions. Filling the root canal
and access cavity with composite resins provides an effective way to
increase tooth fracture resistance in wide root canal teeth. (%)

When evaluated in terms of form, it has been reported that threaded
posts have the highest strength, serrated posts are the second, and
tapered posts are the weakest. (¥') It is reported that parallel-edged
threaded metal posts have the best retention and stress distribution
attributes among prefabricated posts. Many researchers have
reported that the diameter of the post is insignificant in retention,
yet the length of the post is important. (%) Posts of the same length
were prepared and used in our study. However, it was observed that
both tapered non-metal post systems which we used were weaker
than the metal threaded system in diagonal forces, but were
sufficiently resistant to the forces that may occur in the mouth
despite this deficiency.

When the research findings were evaluated, Flexi-Post demonstrated
the highest resistance against fracture. In a study conducted with
Flexi-Post, it was reported that Flexi-Post gave preferable results
compared to systems with non-metal and composite cores. (¥), in the
study conducted with active Flexi-Post and passive posts, strength of
active posts was better against torsional forces. (**) In the study where
Flexi-post was compared with cast and passive-tapered posts, it was
reported that Flexi-Post caused horizontal root fractures and others
caused vertical root fractures. Many studies that have similar results
with our study are reported in the literature. (?-%?)

The fiber-reinforced FRC Postec system showed the second highest
anti-fracture value among research groups. This finding shows
similarities with the results obtained with fiber reinforced post
systems in the literature. (3*34)

The fact that the fracture values of the fiber reinforced prefabricated
post system we tested in our study were higher than the ceramic
prefabricated post system matches the results reported by Vigule et
al. (**) Vigule et al. reported that fiber reinforcement gave the
composite a strength value of 55%. (**) Both ceramic and fiber
reinforced posts we used in our study have smooth surfaces. Posts
have a smooth surface except for the ALO roughening applied for
micro retention. Purton and Payne reported that fibers with smooth
surfaces were more rigid than rough ones. (*3) The same researchers,
in line with the results of our study, reported that metal posts were
more durable and better connected with the composite core, but fiber
composites also had sufficient stiffness and core retention for their
intended use. Sirimai et al. reported that polyethylene mesh fiber
posts had the weakest resistance to diagonal forces, but were still
suitable for use in the mouth and did not cause any fractures in the
root. In our study, similar findings were achieved, and it was
determined that glass fibers were more durable than posts with
similar properties, and their fracture or ductility values were
sufficient. (*°)

The fact that it gives acceptable results with its tested features, when
combined with its known aesthetic advantages, shows that glass fiber
reinforced prefabricated post systems such as FRC Postec can be used
comfortably in the clinic as well as other systems. Another emerging
advantage is that the same post system absorbs the force within itself
without breaking the tooth with forces. It is thought that the resin
cement used and application under suitable conditions have an effect
on this, as in the others. (2")

In our study, the lowest value against fracture was obtained in
Cosmopost system. Cormier et al. reported in their study that
ceramic posts are more brittle and less flexible than fiber posts. (*)
The mechanical value obtained for ceramic posts highlights the
necessity of evaluating the mechanical properties as well as
aesthetic advantages in the selection of clinical materials.

In our study, root fracture was not observed in any specimen with
FRC Postec (a fiber-reinforced resin-based post) application.
However, 12 of the 15 samples had their core structures broken, and
no horizontal separation was observed in the posts, while vertical
separations were observed within the structure of the post itself. In
the remaining three samples, it was determined that the post,
together with the core structure, was separated from the root
surface and broke off. While conducting shear rupture test in the
laboratory, after a certain stretching time in the fiber post group, it
was determined that the post showed significant stretching with core
structure compared to ceramic or metal post group before the
rupture was observed.

Composite resins are high strength materials, and they can be used
in devital teeth both to create core structure and support tooth
structures. Treatment of defects in critical areas with classical
methods can weaken tooth structures and showed root fractures.
Root and coronal regions are strengthened with the composite used
to restore teeth with weak coronal regions, and the tooth survives.
(>37) Thus, fracture resistance also increases. (¢ 2°) Filling the root
canal and access cavity with composite resins provides an effective
way to increase fracture resistance of the tooth. Based on the
consensus of the researchers that using composite resins as core
material is sufficient in post-core restorations, a hybrid-based core
material was also used in our study. (*°) Chemically polimerizing type
was chosen as core material, because the crown is metal, allowing
us to standardize it in terms of shape and position by being attached
to the paralometer device. Because it is not possible to pass light
through metal. In addition, since the application of light-cured
composite core materials in layers will prevent standardization of the
core shape in prepared tooth form, chemically polimerized core
material was chosen in our study.

Greenfeld et al. reported in their study where they applied diagonal
forces that composite cores can provide sufficient strength in
intraoral use. (*°) Sidoli et al. also reported that composite posts and
cores are weaker than gold post-cores, but with sufficient durability.
)

Burgess et al., on the other hand, found that all four systems they
used in their studies with prefabricated posts and composite cores
were sufficiently durable against diagonal forces. (?°) In a similar
study, Cohen et al. found that all posts whose superstructure was
shaped with composite cores except amalgam and glass ionomer
cores were successful. (')

Patel et al. reported that partial cores prepared on cast posts were
less retentive than full cores, and in their diagonal forces study they
demonstrated that cores with buccal walls showed the least
durability, and full-core samples showed the most durability. (**) One
of the main reasons for choosing the full core form in our research
was this study.

The ferrule effect is more important than the material in core
creation. As long as the ring form is not established, resistance
against fracture will not be sufficient. Ring form significantly
increases the durability of the post, restoration, and tooth. In
addition to these, the ring has a significant contribution to cement
solubility. (')

Mendoza et al. performed mechanical tests by leaving the prepared
dentin walls 2 mm above the acrylic resin. () The purpose here can
be interpreted as imitation of periodontal tissues. Teeth should be
chosen very carefully due to high standard deviation and wide
distribution values in mechanical test studies. The fact that the teeth
were chosen from maxillary anterior region in our study is due to
their ideal candidacy for post applications in terms of root length and
width. (%)
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The system we created in our study; Posts were completed by
supporting coronal and apical tissues with composite resin adhesive
cements and core material. Conducted experiments demonstrated no
root cracks or fractures in any direction, except for insignificant
breaks in the 1 mm ring section.

Thanks to recent developments in dentin bonding agents and
techniques, dentin surface preparation, smear layer removal or
modification, increasing retention with a primary bonding agent,
appropriate bonding material and resin cement usage has led to
significant advances in post systems that can be bonded onto tooth
surface. (*) In their study with Luminex Post System applied with and
without a dentin adhesive system, Tjan et al. found that lowest
retention group was bonded without adhesive. (%) It was reported in
a study that apical and coronal leakage decreased in root canals filled
with resin cement and bonding agents. Resin cement may deform
under lateral masticatory forces. However, restorative resin
composites can be used in intracanal restoration, and are not affected
by this type of deformation with their elasticity modules close to
dentin. (*")

Utilizing glass ionomer cement, which can also establish chemical
bonds with hard dental tissues, is also recommended for post bonding.
In one study, retention of modified glass ionomer cement and resin
cement was found to be higher than other adhesive cements in the
tensile test. () However, their mechanical and physical properties
are not as good as composites. (¢ '* 4 *) While Mendoza reported
composite resin cement manipulation difficulties, in our study no
difficulties were encountered in composite resin cement application.
*)

Another study reported that posts bonded with composite resin
cement provide more retention than cements bonded with other
adhesive cements. (“) In our study, dual cure composite resin cement
was used due to easy application and superior bonding properties.
According to the ADA specification, resin cement has a compression
strength of 30,000 psi, and this value can be considered sufficient as
they are higher than the minimum required value of 12,000 psi in
cements used in posts. (¥)

The reason why dual cure resin cement was chosen for cementation
of posts in our study is the recommendation of such a cement for FRC
Postec and Cosmopost post systems. These cements are also
recommended for bonding in shaping the core structure.

In a study investigating the retention of posts bonded with 4-meta-
molecule bonding, C-B Metabond and Panavia, C-B Metabond was the
material that provided the highest retention. The 4-meta system can
provide a strong bond with non-noble dental alloys because the Cr
element they can contain form a stable oxide layer even at the
smallest concentrations of oxygen. Another advantage is that it
reduces microleakage due to chemical adhesion. (*°)

Failure can be minimized by appropriate cement selection and
application. ('*) Cement fatigue caused by forces in the mouth and
related dentin separations are the primary causes of cementation
failure. In addition, appropriate mechanical properties of adhesive
cements provide the most suitable conditions for distributing the
force reaching through the post. (' %)

If the adhesive cement loses its properties and posts are not
completely dislodged during force application, the root is at risk of
further fracture. (%) Despite this, in our study, posts were not
completely dislodged, and no root fractures were encountered.

While the modulus of elasticity of resin cements is 3.5GN/m?, that of
dentin is 14GN/m2. () The modulus of elasticity of dual cure
composite resin cement we used in our study is 8.3GN/m?. No root
fractures were observed in our study, and one of the primary reasons
of this is considered to be the possibility of using adhesive cement
with a modulus of elasticity close to the elasticity of dentin.

The reason behind the preference towards the paste with AH-26 in the
study is that it does not contain eugenol. The adhesive resin chosen
as the eugenol bonding agent causes deterioration in polymerization
and structure of the cement. ('3)

Several post length determination methods have been suggested in
studies. (*®) However, since the common presumption is 2/3 of root
length, we also created our system.

Application of rotating instruments at 2000 rpm in canal filling
discharge was reported as the best technique by Sarac. (?) In general,
neither of the techniques where the canal filling is emptied to create
a cavity is superior to another. However, researchers often prefer
mechanical method. (*°) In our study, root canals were mechanically
drained at 2000 rpm as suggested by Sarac. (?)

Some studies suggest that post-core restoration tests should be
supported by crown restoration regarding similarity to the clinical
situation. (*°) In another group of studies, samples without crown
were applied in order to apply the force to core or post, and to
reduce more parameters such as crown restoration form, content and
adhesive. (?°) We planned our study by directing the force to the core
and the post without applying the crown, with support from
literature clarifying that core application for post strength will lead
to adequate in vitro results. (24 0)

In vitro methods are mostly used to investigate retention and
mechanical strength of post cores. Tests on plastic models provide
standardization and eliminate extraction damage, but this type of
analogues cannot provide dentin properties. (*') Therefore, newly
extracted human teeth were used in our study. Utmost care was
shown to ensure that the teeth were extracted within the last 24
hours. It was observed that there is not much difference in fragility
of teeth that have undergone root canal treatment, where there is
no substance loss, compared to vital teeth. Studies have reported
that there is a 9% difference between devital and vital teeth in terms
of free water, but no difference in terms of hydratation. (' 205254
For this reason, in vitro study was preferred considering the ease of
study. In our study, in order to minimize the change caused by
dehydratation, as soon as teeth were extracted, pulps were
extirpated and preserved in a buffered formol solution, aiming to
standardize the teeth in terms of dehydratation.

To imitate the contact angle of diagonal force, 135 degree angle,
which is also the occlusion angle, was acquired through a mechanism
set as part of the study. (°)

Several studies, while investigating impact of post placement style
or post type on root fractures, apply forces on post or core material.
(20,4045, 55,56) | literature, varying forces have been applied at speeds
varying between 3-50 mm/min. Our study opts utilizing 1 mm/min,

the most commonly preferred speed level for chear rupture test. (">
40, 45, 55, 57, 58)

Since the forces formed in the mouth vary between 200-1000 N
values, (%) and the average fracture values of post systems we
investigated are above 200 N, it can be concluded that all materials
may be suitable for clinical use with their tested properties. (%)

New post systems to be developed considering tooth physiology will
be able to ensure healthy functionality for established system and
protection of the tooth at the highest level. In our study, high figures
of shear fracture values obtained from metal posts and the absence
of root fractures in any of the samples were encouraging, especially
to utilize these posts in posterior group teeth, where aesthetics is
not at the forefront.

In fiber posts, stretching observed in many examples before the core
structure is separated and separations that occur within its own
structure due to root fractures, and mechanical values reached at
the stage where these separations are observed are smaller than
forces that may occur in the clinic, will ensure that they can be used
more safely, especially in the weaker anterior group teeth.

Examination of the findings of this in vitro study with further tests
and supporting it with controlled clinical studies will enable us to
obtain safer and more successful results in our applications on our
patients.

53

https://dergipark.org.tr/tr/pub/selcukdentj



In Vitro Evaluation of The Resistance of Three Different Post Systems Against Functional Forces Cilt 10 o Sayi 1

CONCLUSION

In the evaluation of the shear rupture response of post-core systems
consisting of prefabricated split shank threaded metal post + composite
core (Flexi-Post), prefabricated fiber reinforced tapered smooth
surface non-metal post (FRC Postec) + composite core and
prefabricated tapered non- metal post (Cosmopost) + composite core,
all of which were prepared using the same techniques and preparations
using the same core material and adhesive cement;

Flexi-Post core system (average 426,3160 N), Cosmopost (average
213.0460 N), FRC Postec (average 270.4100 N) values were obtained.

When the findings were evaluated statistically, the difference between
each post system in pairs was found to be significant. According to this:

- Flexi-Post is more durable than Cosmopost,

- Flexi-Post is more durable than FRC Postec,

- FRC Postec is more durable than Cosmopost.
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