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ABSTRACT

Statement of problem: There are many different types of adhesive systems available on the market for the dentist to use. 
Debonding of core material is still considered a common type of failure. The successful interaction between the dowels, core 
material and bonding system is still a concern. Aim of study: The aim of this study was to compare the effect of bonding agents 
on the bond strength between different dowels and core materials Result:  Three way-ANOVA showed a significant effect on 
mean push out bond strength at p≤0.05. The Tukey honestly significant difference (HSD) test showed that composite core material 
exhibit highly significant push out bond strength than other core material used in this study.  The results of this study also showed 
that samples with no bond had the lowest bond strength followed by self etch and the highest one was with total etch which was 
statistically significant. 

INTRODUCTION 

Restoring endodontically treated teeth remains 
one of the most challenging problems facing the 
restorative dentist. It is well known that endodonti-
cally treated teeth are more prone to fracture than 
vital teeth (1).

A badly mutilated teeth in the present 
conservative era, needs to be restored with a post 
and core. The primary functions of the post are to 
distribute load by dispersing it along the long axis 
of the tooth and to provide retention for the core that 
supports the final crown (2).

Posts in the past were either cast or prefabricated 
metal and primarily provide means for attachment 
of the core to the remaining tooth structure. 

Invitro research has indicated that fracture 
resistance of teeth restored with prefabricated 
metallic posts was higher than that of teeth restored 
with cast metal posts (3).

Currently, there is a range of nonmetallic posts 
available. Some are made of a resin matrix reinforced 
with carbon, glass, or quartz fibers, whereas others 
are made of ceramic materials. Tooth-colored posts 
are believed to result in improved esthetics when 
used for anterior teeth to be restored with all-ceramic 
crowns, and some of these posts have modulus of 
elasticity values that approximate that of dentin and 
are believed to help prevent root fracture (3).

In the last few decades, cast posts have been 
the most commonly used form of restoration for 
these teeth. Unfortunately, several disadvantages 
associated with conventional cast post-and-cores 
have been reported, such as loss of retention of the 
post, a potential for post and root fracture, and a risk 
of corrosion when different metals were used (4-6).

Recently, the use of fiber-reinforced composite 
posts has increased due to their good biomechanical 
compatibility with dentin, which produces 
more favorable stress distribution, decreases 
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the occurrence of root fractures in general and 
decreases the risk of catastrophic root fracture. 
Unlike metallic posts, the most frequent failure 
of fiber post restoration was not due to fracture, 
but to debonding, which may occur between fiber 
post and resin or between resin and intraradicular 
dentin. However, it should be noted that a reliable 
bond between fiber post and core resin also plays 
an important role in the post-core restoration of 
endodontically treated teeth (7).

Monticelli et al (8) searched improvement of 
adhesion in dowel/core restorations using five 
different chemical surface treatments and two 
composite materials to build-up the abutment. They 
found that etching procedures showed a similar 
effect on the dowel-surface and enhanced the 
adhesion of composite core build-ups as a result of 
micromechanical and chemical retention.

Kurt et al researched the effects of different 
surface treatments on the bond strength of glass 
fiber-reinforced composite root canal dowels to 
composite core material. They found that the lowest 
bond strength was observed in the Er: YAG 500-
mJ group. The acid-etched group revealed a higher 
bond strength that the control group. The highest 
bond strength was observed in the airborne-particle 
abrasion group (9).

Mosharraf and Yazdi made a comparative 
evaluation of effects of different surface treatment 
methods on bond strength between fiber dowel 
and composite core. They conclude that there was 
not any significant difference between two brands 
of fiber dowels that had been used in this study. 
Although silanization and sandblasting can improve 
the tensile bond strength, there were not any 
significant differences between surface treatments 
used (10).

The choice of appropriate restorations for 
these teeth that are endodontically treated and are 
badly decayed is guided by strength and esthetics.  
Alternatives to cast dowels and cores have been 

developed. The use of prefabricated dowel and 
custom-made buildups with direct core materials 
simplifies the restorative procedure because all 
steps can be completed chair side and fair clinical 
success can be expected (11).

Direct core materials consist of amalgam, com-
posite resin and glass ionomers (GI). The GI catego-
ry can be further broken down into resin-modified 
glass ionomers (RMGI), metal-modified glass iono-
mers (MMGI), compomers and ceramets(12).

Silver amalgam demonstrated high compressive 
strength and rigidity. Traditionally, the ability of 
glass ionomers to bond to enamel and dentin and 
to release fluoride was the reason clinicians favored 
these over amalgams. Recently, conventional glass 
ionomers have been improved by a higher powder-
to-liquid ratio, thereby requiring less water. Glass 
particle sizes are also smaller, resulting in higher 
viscosity. Some studies do not recommend use of 
glass-ionomer-based materials as core materials 
because they are weaker than other alternations (10). 

Direct resin composite materials allow the clini-
cian to perform core build-up and crown prepara-
tion procedures in one visit. Their ease of use and 
rapid curing has resulted in a dramatic growth in 
their use (13). 

MATERIALS AND METHODS

A total of 180 dowels were divided into three 
equal main groups of 60 samples each according 
to the type of the bond used a total etch Tetric N 
bond group{T}, Tetric N bond self-etch{S} and 
control group with no bond used{N}. Each group 
of the three main groups was divided into two 
equal subgroups of 30 samples each according to 
the type of the used dowel (metal and glass fiber). 
Finally, each subgroup was divided into three equal 
subgroups of 10 samples according to the type 
of core material (amalgam, composite and resin 
reinforced glass ionomer). Standardized dowel and 
core samples were constructed using a specially 
designed constructed split brass mold figure (1).
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There were two different molds were machined, 
one with dowel space length 7.5ml for metal dowel 
&another with 15 ml in length for glass fiber dowel.    
A stabilizing ring was machined for stabilizing the 
assembled mold.

The dowel was cleaned with 70% ethyl alcohol 
and left to air dry on a clean glass slab. When glass 
fiber dowel was used it was coated with two layers 
of silane coupling agent and left to dry on a clean 
glass slab according to manufacturer’s instructions. 

S and T groups construction the dowel was 
held with a tweezer and inserted into the dowel 
channel with a vertical force until it was seated to 
its full depth. The dowel surface was painted with 
two layers of the bonding agent and dried with oil 
free and moisture free compressed air, and then it 
exposed to light cure1 for 20 seconds according to 
manufacturer’s instructions.    

N group construction: The dowel was held with 
a tweezer and inserted into the dowel channel with a 
vertical force until it was seated to its full depth. The 
core material is applied directly without application 
of the bonding agent as in T and S groups to form 
the dowel-core combination.

After fabrication of samples through special 
teffelon model, all samples were embedded 
in acrylic resin before sawing through IsoMet 
microsaw to form a slice of 2 mm to be ready for 
testing by universal testing machine figure (2).

Each acrylic embedded dowel core combination 
slice was secured in a custom-made loading fixture. 
Then subjected to compressive loading 5( k n)  at 
a crosshead speed of 1 mm/min via a computer-
controlled material testing machine. 

Scanning electron microscope (SEM) photogra-
phy was done for a representative sample for each 
group to determine the mode of failure.

RESULTS 

Three way-ANOVA shows that different core 
material, bond and dowel, all showed a significant 
effect on mean push out bond strength at p≤0.05. 

The Tukey honestly significant difference (HSD) 
test showed that composite core material exhibit 
highly significant push out bond strength than other 
core material used in this study.  The results of 
this study also showed that samples with no bond 
had the lowest bond strength followed by self etch 
and the highest one was with total etch which was 
statistically significant.  In amalgam and composite 
groups, the glass fiber was significantly higher than 
stainless-steel. This was statistically significant. As 
shown in figure (3) 

Result of SEM photographs:

Randomly selected samples were taken from the 
different subgroups and examined under a scanning 
electron microscope SEM. The SEM result obtained 
from the interface between dowel and core materials 
after testing clarified in figures (4,5,6).

FIG (1) Splitted tefflon mold with descriptive diagram of the mold with measurements
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FIG (2) Sample section FIG (3) Mean bond strength (MPa)

FIG (4) Samples without bonding agent (N group) {1000x} showing intact core surface

FIG (5) Samples of metal dowels (S group) (T group) {1000x} showing adhesive failure of 
bonding agent from dowel surface
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DISCUSSION

The hypothesis of this study that was applying 
bonding agent to the surface of dowel will increase 
the bond between the dowel and core material was 
accepted.

The results of this study showed that composite 
core material exhibit highly significant push out 
bond strength than other core material used in this 
study.

This result was in agreement with Ling Zang et 
al (7), Montacilli et al (15) and Markovic et al (16).

The explanation of this result may be due to its 
low viscosity that exhibit excellent adaptability to 
the dowel surface. 

Samples fabricated with stainless-steel dowels 
were lower in bond strength than glass fiber dowels. 
This can be explained easily as silanization of 
glass fiber dowel surface which is a manufacture 
recommendation appear to be the mean cause of 
that result. Also, the surface roughness of the glass 
fiber dowel plays an important role in increasing 
bonding strength.

SEM photos support this result as there is a 
cohesive failure in glass fiber dowel as some fibers 
detached from dowel and attached to the core, while 
there was an adhesive failure with metal dowel.

Many authors were in agreement with this result 
as surface treatment with silane and roughness of 
glass fiber dowel surface increase the bonding 
strength between dowel and composite resin(6,7,17-,21).

The results of this study showed that samples 
with no bond had the lowest bond strength followed 
by self etch and the highest one was with total etch 
which was statistically significant. This can be 
explained as the both types of bonding agents used 
in this study include phosphate ester in its content 
which is the main component of MDP. 

The total etch group bonding strength was higher 
than self etch one as it contains HEMA which is a 
versatile low molecular weight hydrophilic mono-
mer. The hydrophilicity of HEMA makes it an ex-
cellent adhesion-promoting monomer. HEMA is fre-
quently added to adhesives, not only to ensure good 
wetting, but also because of its solvent-like nature. 
This improves stability and helps keep hydrophobic 
and hydrophilic monomers in solution by minimiz-
ing phase separation in the presence of water (22).

This result was in agreement with Aksornmuang 
et al (19,20) and Fernanda Tranchesi Sadek (21). They 
said that applying bonding agent to the dowel 
surface improve the adhesion of composite resins 
to fiber dowels, which is related to the chemical 
composition, viscosity of a bonding agent, 
compatibility between resin cement and dowel 
matrix and surface roughness. 

FIG (6) Samples of glass fiber dowels (S group) (T group) {1000x} showing glass fiber de-
tached from dowel and adhered to core surface
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Within the limitations of this study, it can be 
concluded that:

1. Using glass fiber dowel provides higher bond 
strength than a metal one regardless the bond 
type or core material type.

2. Using composite core material regardless the 
bond type provides higher bond strength than 
other types of core materials.    

3. The application of total etch bond on the surface 
of the dowel provide higher bond strength than 
the self-adhesive system with all types of cores 
used in this study.
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