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Statement of problem. Glass fiber post is one of recent developments to accommodate
esthetic restoration for endodontically treated teeth. This has many advantages over conventional
post system in physical properties, esthetic factor, risk of root and restoration fracture, adhe-
sion to core, radiopacity, removal and retrievabilty, biocompatibility and chemical stability.
Purpose. This in vitro study was to evaluate the most suitable type of resin core for the glass
fiber post through surveying the fracture modes and the maximum load that fractures the tooth.
Material and methods. 50 sound maxillary premolars restored with glass fiber posts(ParaPost® Fiber
White) and different types of resin cores(ParaCore, Z100™, Rebilda® and Admira®) were pre-
pared and loaded to faiure in a universal test machine.

The maximum fracture load and fracture mode were investigated in the specimens that
were restored with resin and those of metal cast and core. With the data, Wilcoxon rank sum
test was used to validate the significance between the test groups, and Tukey’ s studen-
tized range test was used to check if there is any significant statistical difference between each
test group. Every analysis was approved with 95% reliance.

Results. On measuring the maximum fracture load of teeth specimens, there was a significant
difference between the maximum fracture loads of the tooth specimens. ParaCore showed the
highest mean maximum fracture load followed by Z100™. And, the distribution of fracture mode
of tooth specimens showed generally Type D, the three parted fracture of the core around the
post was mostly seen(62.5%), and specifically, ParaCore showed 90% and Z100™ showed 100%
Type D fracture.

Conclusion. Referring to the values of maximum fracture load and mean compressive frac-
ture load, ParaCore and Z100™ had high values and are recommended as tooth colored
resin core material for glass fiber post.

CLINICAL IMPLICATIONS. This study was carried out intending to be of aid in selecting
the appropriate resin core for the glass fiber post. The dual cure type composite resin
ParaCore and light cure type composite resin Z100™ have good properties and are recommended
as tooth colored resin core material for glass fiber post.
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O ver the past 20 years, there has been a rapid
progress in developing dental materials for
restorations. And because of increased demands
for natural and esthetic dental treatment, there are
many efforts in improving the physical and
mechanical properties of dental material used
in esthetic dentistry.

Teeth, which are extensively damaged through
dental caries or trauma, generally require endodon-
tic treatment followed by post and cores, to pre-
serve the remaining root and to restore the lost
tooth structure, before restoring the tooth with a
crown.

After the development of the first post made of
wood by Fauchard in the 18th century, many
posts of various forms and materials were made.
The early posts were made of wire, which were
the improved through the development of cast-
ing techniques. In the 1970s, ready-made posts
made of gold alloys, stainless steal etc. were
developed. In the 1980s, carbon fiber posts were
made in regards to prevent root fracture. And in
the 1990s, zirconium posts were made to improve
esthetics."® Although cast posts, ready-made
posts, carbon fiber posts and zirconium posts
are generally used under all ceramic crowns,
they still have the problems of falling out, caus-
ing root fractures and unsatisfying esthetics.
Cast metal posts and ready made posts have
good strength, but the shade, translucency, and
root fracture caused by discrepancy of physical
properties with the tooth structure is still a prob-
lem."® Zirconium posts and quartz fiber posts have
the shade similar to teeth. Zirconium posts have
great shade and translucency, but still has a
potential to cause root fracture due to the difference
of physical properties between the post and the
tooth, and the adhesive strength to the resin
core is lower than that of other posts. Quartz
fiber posts have the advantage of having the
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appropriate elasticity, reducing the possibility
of root fracture, but because of the carbon parti-
cles, it cannot provide us with the satisfactory shade
and translucency. Quartz fiber posts are also
very radiolucent.*?

The most resent post, the glass fiber post, is a post
with biocompatible glass fiber and fillers mixed
into the resin matrix. It is reported to have the
advantage over the existing post in physical
properties, esthetics, potential of root and restora-
tion fracture, adhesive strength with the core,
radiopacity, biocompatibility, chemical stability
and in many other aspects, and it can be easily
removed and retreated when needed. Especially
the physical properties such as the modulus of elas-
ticity, yield strength, flexural strength are similar
to the dentin, which reduces the possibility of root
fracture.”®

For the core, which is placed on the post to
replace the lost tooth structure, amalgam, glass
ionomer cement reinforced with silver, hybrid glass
ionomer, compomer and composite resin etc.
are the materials of choice. Amalgam has good
physical properties and is economical, but has the
problems of slow setting time, low adhesive
ability to the tooth structure, discoloration of
adjacent tissue due to corrosion. Glass ionomer
cement reinforced with silver, hybrid glass
ionomer and compomer have advantages in set-
ting time, adhesive ability to the tooth structure,
resistance to decay(from fluoride), but has low-
er physical properties compared to amalgam
and composite resin. Therefore composite resin
is the most recommended material to use beneath
all ceramic restorations because of its relatively
superior physical properties, shade, adhesive
ability to the tooth structure, convenience, and set-
ting time.2™?

There are many factors that influence the prog-
nosis of a tooth restored with post and core, the

most consequential factor is the remaining coro-



nal tooth structure. In the early days, posts and
cores were used to strengthen the endodonti-
cally treated tooth. But actually the post and
core itself does not influence the strength of the
tooth. It relates only to the resistance and reten-
tion of the coronal restoration. Teeth restored
with post and cores can occasionally fail, which
leads to post, core or root fracture.”*?

There are many studies reported about car-
bon fiber posts, but still there are insufficient
amount of studies about using the recently devel-
oped glass fiber posts, and further more there are
no lab studies using natural teeth restored with
glass fiber posts. In this study, natural teeth
restored with glass fiber posts, which is the most
suitable post to use beneath all ceramic crowns for
esthetics, and different types of resin cores were
prepared and intraoral load was represented
with the universal test machine. The fracture
modes and the maximum load that fractures the
tooth, according to the type of the resin core,
were surveyed. The data was then used to figure
out the most suitable type of resin core for the glass
fiber post. This study was carried out intend-

Table L. The resin cores used in this study

ing to be of aid in selecting the appropriate resin

core for the glass fiber post.

MATERIAL AND METHODS

Red color coded ParaPost® Fiber White (Coltene
Whaledent® Inc., Mahwah, U.S.A.) with a diam-
eter of 1.25mm was used for the glass fiber post.
ParaCore(Coltene Whaledent® Inc., Mahwabh,
U.S.A), Z100™(3M Dental Products, St.Paul,
U.S.A), Rebilda®(VOCO, Cuxhaben, Germany)
and Admira®(VOCO, Cuxhaben, Germany) were
used for the core resin(Table I). The tooth surface,
which will face the core was treated with the
manufacturers recommended adhesive system
(Table II).

First, we cleaned the post with alcohol and
then washed it with air water syringe. The surface
was sandblasted and etched for increased adhe-
sive strength with the tooth structure.” We sand-
blasted the surface with Minilbaster™(Miniblaster,
Israel), which is used attached to the unit, in 4 direc-
tions for 2 seconds each from a distance of 3cm

using 50gm aluminum oxide. Then it was etched

Name Polymerization mode Main compositions Manufacturer
Bis-GMA, EGDMA, TMPTMA Coltene Whaledent® Inc.
ParaCore Dual cure
Dibenzoyl peroxide (Mahwah, US.A)
Z100™ Light cure Bis GMA, TEGDMA M Dental Products
(St.Paul, US.A)
Rebilda® Self cure Bis-GMA, UDMA VOCO (Cuxhaben, Germany)
Dibenzoyl peroxide
Admira® Light cure Ormocers®, Bis-GMA, HEMA VOCO (Cuxhaben, Germany)

* Bis-GMA : Bisphenol A diglycidyl methacrylate
EGDMA : Ethylenglycol dimethacrylate
TMPTMA : 1,1,1 Trimethylolpropan trimethacrylate
TEGDMA : Triethylenglycol dimethacrylate
UDMA : Diurethane dimethacrylate

Ormocers® : 3-dimensionally curing anorganic-organic co-polymers



Table II. The bonding systems used in this study

Name Bonding system

Compositions

ParaCore ParaCore system

Z7100™ Scotchbond™

Rebilda® Solobond Plus

Admira® Admira® Bond

Etching gel (ETCHANT 15)
ParaPost® Adhesive Conditioner A
ParaPost® Adhesive Conditioner B

Etchant
Primer / Adhesive
Activator / Catalyst
Ceramic primer

Etching gel (Vococid)

Primer / Adhesive
Etching gel (Vococid)

Total etching bonding agent

Fig. 1. Schematic drawing of test specimen showing
dimensions in mm.

a. Bucco-lingual view of the tooth specimen

b. Occlusal view of the tooth specimen

with 37% phosphoric acid and washed using air
water syringe for 1 minute.

50 sound maxillary premolars were selected
and rinsed in sodium hypochlorite and reserved
in saline. First of all, all the coronal portions of the
teeth were prepared under water spray with a dia-
mond disc. The canals were shaped to the file #45.
The teeth were positioned on the sample holder
and buried in acrylic resin(ORTHO-JET, Lang
Dental Mfg. Co. Inc., Wheeling, U.S.A.). Then

the surfaces were smoothened perpendicular to
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the longitudinal axis of the tooth with 500-grit SiC
paper. The canals were prepared 7Tmm deep
with a 1.25mm diameter red color coded Para
Post® standard drill, rinsed with 2.25% sodium
hypochlorite and saline and were not filled.

And for standardization of the canal preparation,
a metal template with a cylindroid of 1.5mm
minor axis, 2.5mm major axis and 2.5mm height
was made and located exactly in the pulp cham-
ber. Sections of the teeth were made with a dia-
mond disc under water spray.

The length of the processed glass fiber post, hav-
ing a 1.25mm diameter, were adjusted to 11mm
with a coronal length of 4mm. The canals were
dried with air and paper points, treated with
self etching ED primer(Kuraray Co. Ltd., Osaka,
Japan) for 60 seconds and dried again. Resin
cement(Panavia F®, Kuraray Co. Ltd., Osaka,
Japan) was applied on a lentulo spiral to spread
the cement on the walls of the canal, and on the
post surface for adhesion. The post was placed into
the canal and pressed with finger pressure. The
surplus cement was removed with a brush and the
remaining cement was cured with light(X1.3000,
3M Dental Products, St. Paul, U.S.A)) from 4
directions for 40 seconds, and neatly removed.

In order to form casts of the same size, a cylin-



droid of 3.5mm minor axis, 5.5mm major axis and
4.5mm height was cast, then finished with the
milling machine. Then Pattern resin(GC Corp.,
Tokyo, Japan) was coated on the cast core surface,
removed after setting time, then cast to make a
standard metal template (Fig. 1).

Using the standard metal template, the resin cores
with the shape of a cylindroid of 3.5mm minor axis,
5.5mm major axis and 4.5mm height were made
by curing 2Zmm after 2mm. The light curing time
or setting time, depending of the polymeriza-
tion method, was abided by the manufacturers
instructions.

The post and core for the control were built with
Spee-Dee Plastic pin(Pulpdent Corp. of America)
and Pattern resin(GC Corp., Tokyo, Japan) using
the direct method, then cast with Type IV gold
alloy. The coronal core was made with the same
standard metal template to standardize the size.

The cast metal post and core went through
sandblasting procedure and adhesed with Resin
cement(Panavia F®, Kuraray Co. Ltd., Osaka,
Japan) like the glass fiber post.

40 resin cylinders(10 of every type) of 3mm
diameter and 10mm height were made to test the
compressive fracture load of the resin cores.

Thermal cycling using the Thermocycling
tester(Tokyo TL., Tokyo, Japan) was carried out
to reproduce the same thermal change as the
oral cavity.” The temperatures for the two water
tanks were set to 5C and 55°C. The thermal
cycling for the samples were wet to 1500 cycles.
And the dwell time of the water tanks and the
transfer time between the water tanks were set to
15 seconds.

To place the load 45° to the longitudinal axis of
the tooth evenly, a special transparent zig was
made with acrylic resin(lORTHO-JET, Lang Dental
Mfg. Co. Inc., Wheeling, U.S.A.) to place the
tooth stably. And a core covering zig which cov-
ers 2mm of the coronal core was made (Fig. 1) to
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prevent the load from local conventration and to
define the angle of the load.»®

The tooth block was placed on the universal test
machine(Instron 6022, Instron Ltd, U.K.), load was
given with the cross head speed set to Imm/min
untill the tooth fractured, to measure the maximum
fracture load of the post and core. The compres-
sion fracture load of the resin samples were also
measured.

After the fracture load test, the fracture lines were
observed and classified into type A to E (Fig.
2). The most typical tooth of each type was select-
ed, cut bucco-lingually through the middle of
the post and core with a Low speed saw (ISOMET,
BUEHLER, Lake Bluff, US.A.) under water spray.
And the fracture surface was observed under
SEM(S-2700, HITACHI, Ltd., Japan), amplified to
% 200.

With the data of the maximum fracture load of
each tooth and compressive fracture load of the
resin samples, Wilcoxon rank sum test was used
to validate the significance between the test
groups, and Tukey’ s studentized range test was
used to check if there is any significant statistical
difference between each test group. Every analy-

sis was approved with 95% reliance.
RESULTS

Measurement of the maximum fracture load of
the tooth

Maximum fracture load of the tooth specimens
according to the Wilcoxon rank sum test, there was
a significant difference between the maximum frac-
ture loads of the tooth specimens. Among
ParaCore, Z100™, Rebilda® and Admira®, ParaCore
showed the highest mean maximum fracture
Load followed by Z100™. Both the cast metal
post and core specimen did not fracture till the load
of 1000N. According to the Turkey test, there
was significant difference between ParaCore and
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Fig. 2. Schematic representation of main fracture lines in catastrophic failure.

(a) type A :
(b) type B :

(c) type C :
(d) type D :
(e) type E :

The fracture of the core unrelated to the post.
The fracture of the core without the fracture of the post, the fracture line is parallel to the tooth

cutting surface.

The two parted fracture of the core around the post.
The three parted fracture of the core around the post.
The fracture of the post and core.

Rebilda®, ParaCore and Admira®, Z100™ and
Rebilda®, and Z100™ and Admira®, but no sig-
nificant difference between ParaCore and Z100™
and Rebilda® and Admira®.(Fig. 3, Table Il1)

Measurement of the compressive fracture
load of the resin samples

According to the Wilcoxon rank and sum test,
there was significant difference among com-
pressive fracture load of the resin specimens.
Among ParaCore, Z100™, Rebilda® and Admira®,
Z100TM showed the highest mean value fol-
lowed by ParaCore. According to Turkey test,
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There was significant difference between ParaCore
and Admira®, Z100™ and Rebilda®, Z100™ and
Admira®, but there was no significant differ-
ence between ParaCore and Rebilda®, ParaCore
and Z100™, and Rebilda® and Admira®.(Fig. 4,
Table 1V)

Fracture patterns

The distribution of fracture mode of tooth spec-
imens is as shown in Table V, generally Type D,
the three parted fracture of the core around the post
was mostly seen(62.5%), and specifically, ParaCore
showed 90% and Z100™ showed 100% Type D



Table III. The means of maximum fracture load
of teeth specimens(N)

n  Means + SD(N) Tukey gruop

ParaCore 10 697.6 & 87.7 A

Z2100™ 10 586.7 + 974 A
Rebilda® 10 365.5 + 69.9 B
Admira® 10 354.4 + 78.0 B
Cast post 10 1000<

*n:number of specimen SD: standard deviation
A, B : statistical grouping for load value of materials
(Kruskal-Wallis test & Tukey grouping)
significantly different between groups(p<0.05)

Table IV. The means of compressive fracture load
of resin specimens(N)

n  Means+SD(N) Tukeygruop

ParaCore 10 1121.1 &£ 1679 A B
Z.100™ 10 13304 £ 172.7 A
Rebilda® 10 989.5 + 152.5 C B

Admira® 10 864.5 + 1734 C

*n:number of specimen SD: standard deviation

A,B,C : statistical grouping for load value of materials
(Kruskal-Wallis test & Tukey grouping)
significantly different between groups(p<0.05)

Table V. The distribution of fracture mode of teeth

specimens
type A typeB typeC typeD typeE
ParaCore 1 9
7100™ 10
Rebilda® 4 2 3 1
Admira® 2 4 1 3

fracture. By Rebilda® and Admira®, Type B the
fracture parallel to the tooth cutting edge limited
to the core was seen mostly (40%).
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Fig. 3. The means and standard deviations of maximum
fracture load in the tooth specimens.
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Fig. 4. The means and standard deviations of com-
pressive fracture load in the resin specimens.

Scanning Electron Microscope (SEM) view
of the fracture region

According to the SEM view of type A(Fig. 5),
which the fracture of the core is not related the post
the fracture sites of the teeth, and type C, which
shows a two parted fracture of the core around the
post(Fig. 9), we can see that the bond between the
glass fiber post and resin core is firm. And in type
B(the fracture is restricted to the core, unrelated
with the post and the fracture line is parallel to the
incisal edge), the resin core and dentin was sep-
arated, but the bond between the glass fiber post
and resin core was firm(Fig. 6). And it can be seen



Fig. 5. The interface of glass fiber post and resin core
in type A fracture(x 200)
(F : Glass fiber post, R: Resin core)
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Fig. 7. The interface of glass fiber post and resin co
in type B fracture(x 200)

(F : Glass fiber post, R : Resin core)
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Fig. 9. The interface of glass fiber post and resin core
in type C fracture(x 200)

(F : Glass fiber post, R: Resin core)
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Fig. 6. The interface of glass fiber post, resin core and
dentin in type B fracture(x 200)

(F : Glass fiber post, R: Resin core, D : Dentin)
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Fig. 8. The interface of glass fiber post and resin core
in type D fracture(x 200)
(F : Glass fiber post, R: Resin core)

Fig. 10. The fractural interface of metal cast post and
dentin (% 200)
(D : Dentin, C: Cast post)



that the bond between the glass fiber post and resin
core at the site of fracture(Fig. 7, 8). And the
broken bond between glass fiber post and resin
core is to be seen at the region containing fracture
lines. And although the tooth that was restored by
metal cast post and core did not fracture under
high load, there was a root fracture in the cross sec-
tion of the samples(Fig. 10).

DISCUSSION

Glass fiber post is a recently developed mater-
ial, which is used under all ceramic restorations
for a more natural and esthetical appearance.
Its physical properties, esthetics, risk of root
fracture and restoration fracture, adhesive prop-
erties to the core above, radiopacity, and possibility
of removal and retreatment are considerably
superior compared to the existing post system. And
it is also biocompatible and chemically stable.*®
But glass fiber post is not a panacea. It tends to
bend when in contact with intraoral saliva and
there is risk of secondary dental caries and dis-
location of the post, which is the result of its
sensibility to humidity.? Therefore careful treat-
ment is required at practice.

The practitioner has to consider many factors
when choosing a post system. Resistance of root
fracture and the fracture of the post itself, reten-
tion, stress breaking ability, esthetics, like shade
and translucency, coherence with other core
materials and function of the post-core as one unit
through cohesion etc. are those factors.*®

There are to major patterns of post and core fail-
ure. One of them is caused from retention loss as
the dislocation of the crown and post. The other
is caused from the fracture of the root, post and
core.®® Hatzikyriakos et. al. has reported failure
patterns 3 years after endodontic treatment and
restoration. Root fracture occupied 2.6%, complex
influence from root caries and destruction of the

post and core took up to 1.9% and loss of cement
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between the crown and post-core occupied 3.2%.2
Torbjorner et. al. reported, based on 4-5 years of
postoperative clinical assesment, that retention loss
is the major of post failure, and that maxillary teeth
show more failure than those of the mandible, espe-
cially the maxillary incisors."

The water content of the dentin-root complex is
related to the endodontic state of the tooth. And
age is in invertial proportion to the water content,
due to the accumulation of the dentin around the
tubules. And the coronal dentin contains double
the amount of dentinal tublues than that of the root.
Furthermore there is a risk of overloading when
to much tooth structure is removed from caries
removal, accessing the cavity or shaping the
canal. And decrease of tactile sensation due to dete-
rioration in the function of the periodontal liga-
ment also involves risk of overload.** Therefore
the fracture resistance of the nonvital tooth
depends mostly on the residual tooth struc-
ture.'” According to Tjan and Whang et. al., 2-
3mm of residual tooth structure after the post gives
significant resistance to fracture.® And Sorensen
and Engleman et. al. reported that it is important
to maintain more than Imm of coronal tooth
structure above the metal collar ferrule.* Milot and
Stein et. al. reported that when most of the tooth
stucture remains, the post has almost nothing
to do with resistance of root fracture.”” And after
there was a suggestion that the ferrule effect has
little to do with wedging effect or resisting the root
fracture, cast metal post and cores are almost
not indicated.*®

Maintaining the residual tooth structure is one
of the purposes of restoring the endodontically
treated tooth.® Therefore the fracture restricted
to the core, which leaves chance in restoring the
tooth, is @ much more favorable fracture compared
to the fracture of the root, which almost always
leads to extraction.* Cast metal post and cores do
bear a considerably heavy load,* but although glass

fiber post and resin core bears less, it can maintain



the tooth structure through the fracture of the core.
In other words, the fracture of the core prevents
the fracture of the root.*

Much the same in this study, the tooth restored
with cast metal post and core beared a relatively
heavy load, but according to the SEM view, it can
be seen that there are indications of root fracture
(Fig. 10). Therefore this study is in accord with the
other study results in the fact that the composite
resin gave way at a lower load than the root.>*9
However, it is not easy to retreat the tooth with
a fractured post that does not involve any sound
tooth structure. But the glass fiber post can be a
solution to this problem.*

The materials used to substitute the lost coronal
portion are amalgam, glass ionomer cement rein-
forced with silver, hybird glass ionomer, compomer
and composite resin. But the most appropriate
material to use under the all ceramic crown is the
composite resin, which has the proper shade,
relatively better physical properties, adhesabili-
ty to the tooth structure and convenience.?’?
But composite resin might deform permanently
through mechanical stimulation and heat. It also
has poor volume stability that can lead to dislo-
cation of the core and failure of the restora-
tion.>##37% Dislocation of the core can bring
about recurrent dental caries and failure of the
endodontic treatment. And therefore titanium
and lanthanide particles are added to reinforce the
mechanical properties. However it must not be
overlooked that the residual tooth structure plays
a important roll in the prognosis.

The self cure system and dual cure system are
recommended for the composite resin. Resin
using the light cure system has the risk of incom-
plete polymerization due to failure of intensity of
the light source, insufficient exposure to the light
and excessive thickness. In contrast, autopoly-
merized resin is more convenient as the paste type,
and because of its favorable flow, it is much eas-

ier to shape and inject into the void in the tooth
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structure.®™

When choosing the core material, the amount and
mode of stress must be considered because it
effects the stress transmission of the post. As
the firmness increases, the stress goes more
directly to the root and less to the post.® Metal
cores are known to cause great stress in the coro-
nal part and to send the stress directly to the
root." [t is also important to choose a core
which has similar physical properties with the post,
because of the favorable strong interface and
lower risk of microleakage and failure.” Because
glass fiber post consists of 42% glass fiber, 29% fil-
er and 29% of resin in weight percentage,? chem-
ical adhesion with the composite resin can also be
expected. Trope et. al. reported that shaping the
canal weakens the tooth, and that although the post
cannot strengthen the tooth, the strength can be
improved by filling the post cavity and access cav-
ity with composite resin.?®

Most of the microleakage between the tooth
and composite resin occurs because of the shrink-
age of the resin, which can be reduced by using
the dentin bonding system.,” Microleakage caus-
es fluid contamination and dissolution of the
material,” and decrease of the adhesive strength
of the core which results in the increase of the risk
of core fracture.” Therefore the failure rate of the
post and core can be improved by using additional
adhesion between the resin core, adhesive system
and dentin.® External circumstances, like the
cleanliness of the tooth surface, also play a role in
adhesion of the resin and the tooth. For example,
residual temporary cement is thought to be a
primary factor that causes decrease of adhesion
strength between the resin and dentin. Especially
temporary cements containing euginol softens the
resin core, therefore may not be used.**”

According to type A, the fracture of the core unre-
lated with the post, and type C, which shows a two
parted fracture of the core around the post
through the SEM view of the fracture sites of



the teeth, we can see that the bond between the
glass fiber post and resin core is firm. In type B(the
fracture line is parallel to the incisal edge without
any fraction of the post), the resin core and
dentin was separated, but the bond between the
glass fiber post and resin core was firm(Fig. 5).
Considering the separation of the bond between
the glass fiber post and resin core at the site of frac-
ture, we can estimate that the bond between the
core and dentin breaks first, then the adhesive
strength between the glass fiber post and resin core
weakens, and the core breaks last. This estimation
corresponds to the previously mentioned
reports. 32449

Compressive strength and tensile strength are
important factors of core material. Generally the
core replaces a great part of the tooth structure.
Therefore it must be able to bear functional and
nonfunctional stress coming from many directions.”
Toughness of a material is defined as the amount
of energy needed to cause the fracture, which indi-
cates the resistance of a material to fracture. But
cracks of brittle materials tend to progress to
fracture. This property has not much to do with
the resistance to the crack at the start, but more to
do with the resistance to the progression of the
already existing crack or flaw.® Through studies
and experiments, it is known that toughness of
composite resin can be deteriorated due to mois-
ture or contamination by saliva.**¥ And ther-
mocycling is related to microleakage, micro-
craking and surface dissolution of composite
resin, but is not directly to deterioration of the
toughness of the material.?

Cho et. al. have reported that light curing com-
posite resin has more favorable compressive
strength and tensile strength than that of autopoly-
merizing composite resin.? This corresponds to the
result of this study, which shows that the light cur-
ing composite reisn Z100™ has sufficiently high-
er compressive strength than the autopolymerizing

composite resin Rebilda®. The low filler content,
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in other words higher flowability, of the paste type
Rebilda® compared to Z100™ might be the reason
of this result. And Combe et. al. reported that
ceramic filled composite falls behind hybrid
resin composite in every aspect of physical prop-
erties, especially the compression strength relat-
ed to the masticatory load.? In this study, the
ceramic filled composite Admira® % showed the
lowest value in the maximum fracture load and
compressive fracture load tests, which corre-
sponds to the other reports. Generally fillers
improve the fracture toughness,*** but when
hard, irregular particles mix with comparatively
soft resin matrix, the fracture toughness might
decrease instead. It is presumed that this phe-
nomenon is caused by overlapping of the parti-
cle modified energy field.®®

That is, when Rebilda® and Admira® was used
for core resins, because of the poor fracture
strength due to their relatively low compressive
strength and toughness, fracture type A and
type B were the most frequent fracture pat-
terns(Table V). Here, type A is not related to
the fracture of the core and type B is the fracture
of the core itself, unrelated with the post and
the fracture line is parallel to the incisal edge. And
the maximum fracture load was also small and
tooth specimens made by Z100™ and ParaCore
which have relatively high compressive strength,
also showed high fracture load (Table 1V).

During this study, there were limitations in
reproducing the fracture modes naturally, because
the root was buried in acrylic resin block.®* But
the reason why we did not reproduce the peri-
odontal ligament was, if the ligaments were to be
reproduced by coating soft elastic rubber impres-
sion material on the root, not only that accurate
angle of the load to the longitudinal axis of the
tooth cannot be given, but the rubber material has
its limitations in representing the function, align-
ment and viscoelasticity of the periodontal liga-

ment.® And the canals were not filled, according



to the results of many studies which point out that
filling the canal does not influence the strength of
the root.*™

In this study, we investigated the failure patterns
not through periodic, long-term load, but static,
short-term load was applied to the tooth. Therefore
additional study concerning about fatigue load,?*
insufficient adhesive strength between the resin
cement and the crown, the effect of deforma-
tion of the resin core due to masticatory or shear-
ing force on failure of glass fiber post, and
whether the improvement of adhesive strength of
the glass fiber post and resin core can lower the
failure rate or not, is needed.

CONCLUSIONS

Glass fiber post is a recent development to
accommodate esthetic restoration for endodon-
tically treated teeth. Tooth specimens were made
using glass fiber post(ParaPost® Fiber White)
and different types of core resin materials(ParaCore,
7.100™, Rebilda® and Admira®) and were loaded
to faiure in a universal test machine. The maximum
fracture load and fracture mode were investi-
gated in the specimens that were restored with
resin and those of metal cast and core. The results
are as follows.

1. On measuring the maximum fracture load of
teeth specimens, the order of maximum value
was ParaCore, Z100™, Rebilda®, Admira®.
ParaCore and Z100™ showed a significant high-
er value than Rebilda® and Admira®(p<0.05).

2. The means compressive fracture load of resin
specimens, the order was Z100™, ParaCore,
Rebilda®, Admira®, and there were significant
differences® between Z100™ and Rebilda®, Z100™
and Admira®, and ParaCore and Admira®
(p<0.05).

3. The fracture mode of tooth specimens showed
the type D fracture, the three parted fracture

of the core around the post was most common
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type of the fracture mode(62.5%). The type
D fracture appeared at 100% of ParaCore and
90% of Z100™. The type B fracture, the fracture
of the core without the fracture of the post, the
fracture line is parallel to the tooth cutting
surface was most common at Rebilda® and
Admira®(40%).

4. The teeth restored with metal cast post and core
didn’t showed the fracture of post and core, in
spite of high loads. However root fractures at
the sectional view of specimens could be
found.

In conclusion, referring to the values of maximum
fracture load and mean compressive fracture
load, ParaCore and Z100™ had high values and
are recommended as tooth colored resin core
material for glass fiber post. Further researchs using
glass fiber post and composite resin for core
material will be needed.
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