
SUMMARY
The purpose of this study was to determine the fracture resistance of 

4 post and core systems. 40 extracted maxillary canines (for orthodontic 
reason) were used for this study. The samples were divided into 4 groups, 
which were: Group (1) Cast post luted with Rely X ARC; Group (2) Cast 
post cemented with zinc phosphate; Group (3) Fibre post luted with Rely X 
+ Filtek Z-250 as core material; Group (4) Fibre post luted with Rely X + 
Vitremer Core Build Up as core material. The post cores were loaded (N) 
to fracture by a universal testing machine and data were analyzed (One-
way ANOVA). The obtained fracture resistance results were as follows: Gr 
1 (2103.50 N ± 185.75) > Gr 2 (1494.80N ± 164.04) > Gr 3 (1004.90 N± 
108.72)  > Gr4 (739.40 N ± 96.93). Vertical root fractures were observed in 
the cast post-core groups. Hybrid composite cores in group 3 showed cohe-
sive failures, whereas resin modified glass ionomer cores in group 4 showed 
a failure of adhesive nature from dentin.
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Introduction

Fracture of coronal part of the tooth is a commonly 
observed situation in dentistry. After endodontic treatment of 
the fractured tooth, an application of post may be necessary 
due to the insufficient remaining hard tissue1,2. Various 
types of post and core systems have been introduced for 
the management of this kinds of teeth3-7. Posts can either 
be individual or prefabricated such as steel, carbon fibre2, 
quartz fibre8 ceramic, zirconia, titanium9 or fibre ribbond10. 
Recently introduced core build-up materials are tooth-
coloured resin based materials instead of amalgam5-7,11. 
Tooth coloured post and core restorations luted with resin 
based cements are preferred for the restoration of non-vital 
anterior teeth, because of the increasing aesthetic demand of 
the patients and use of metal-free fixed prosthodontics. The 
improvement in adhesive systems, composites and resin 
cements led to evaluate aesthetic posts and core materials12-

16. Recently, the effects of post-core systems and ferrule on 
fracture strength of aesthetic posts is an important research 
subject17,18. 

The purpose of this study was to determine the 
fracture resistance of fibre post systems (with hybrid resin 
composite or modified glass ionomer cement cores) in 

comparison to conventional - zinc phosphate cemented or 
adhesive luted (Rely X ARC) cast posts, when the coronal 
portion of the tooth is lost.

Material and Methods

In this study 40 extracted maxillary unerupted 
canines (for orthodontic reason) were used. The coronal 
portions were removed from cemento-enamel junction 
(no ferrule) with a diamond bur (Acurata, Germany). 
Root canal preparations were performed with Hero 642 
nickel-titanium rotary instruments (Micro Mega, Hero 
642, Besancon, France). The root canals were filled with 
Maillefer-Thermafil (Dentsply, Maillefer, Switzerland) 
assorted anterior kit according to the system described by 
Walcott et al19. After the root canal treatment, post space 
was prepared. A warm plugger was placed into the canal for 
removing the filling material from the cervical portion of 
the root. Reamer drills (LARGO Peeso Reamer, Dentsply, 
Maillefer, Switzerland) were serially (2, 3, 4 and 5) used 
for shaping the root canal. Post holes were prepared until 
the 2/3rd lengths of the root canals. The remaining tissue 
surrounding the post hole was minimally 1.5 mm in mesio-



silicon (Oran Wash, Zhermack, Italy) and mounted parallel 
in acrylic resin blocks. The condensation silicon represents 
an artificial periodontal ligament. The cemento-enamel 
junctions of the teeth were 2 mm over the acrylic block 
surface. 

After storage in distilled water for 24 hours (37°C), 
the restored teeth were loaded to fracture in a universal 
testing machine (Adamel Lhomary DY 30, France) with 
gradually increasing forces at a 45° angle to the long 
axes of the roots. Mode of failure from all specimens 
was determined. Data were analyzed with the One-way 
ANOVA tests (Tab. 2). 

distal and 2 mm in labio-lingual direction. Impressions 
for cast post restorations were made with a low shrinkage 
modelling resin (Pattern Resin LS, GC, Japan). The teeth 
were randomly divided into 6 groups of 10 (Tab. 1):

Group 1. Cast posts were fixed with Rely X ARC (3M 
ESPE, St. Paul, USA), according to the manufacturer’s 
instructions;

Group 2. Cast posts were cemented with zinc 
phosphate without any dentin pre-treatment;

Group 3. Quartz fibre posts (AEstheti-Plus, Full 
Aesthetic Composipost, RTD, France)  were luted with 

Rely X ARC. Composite resin  (Filtek Z-250, 3M ESPE, 
St. Paul, USA) cores were build up using a performed 
polyester matrix after etching and applying 3M Single 
Bond Adhesive (3M Single Bond Adhesive, 3M ESPE, St. 
Paul, USA) to the surrounding dentin and post;

Group 4. Fibre posts were luted with Rely X ARC. 
Vitremer core build up material (3M ESPE, St. Paul, 
USA) were build up using a performed polyester matrix 
according to the manufacture’s instructions as core 
material.

Table 1. Experimental design

Etching Bonding agent Luting Cement Post material Core material

Group 1 35 % phosphoric acid, 
15 seconds Single Bond Adhesive (x2) RelyX ARC Cast post-core

Group 2 - - zinc phosphate Cast post-core

Group 3 35% phosphoric 
acid,15 seconds Single Bond Adhesive (x2) RelyX ARC Fibre post Filtek Z-250

Group 4 35% phosphoric 
acid,15 seconds Single Bond Adhesive (x2) RelyX ARC Fibre post Vitremer CBU

35% phosphoric acid in groups 1, 3 and 4 was used 
for 15 seconds, to etch the root canal dentin. 3M Single 
bond (3M ESPE, St. Paul, USA) was used in groups 1, 
3 and 4 and polymerized with a translucent wedge (10 
seconds), because of the depth of the root canal. A second 
polymerization was applied from the orifice of the root 
canal (10 seconds). 

In group 3 and 4, quartz fibre posts (AEstheti-Plus, 
Full Aesthetic Composipost, RTD, France) were used. 
This composiposts were parallel sided and smooth in 
configuration.

The cores of each group were prepared in a standard 
height of 6 mm. The teeth were immersed in condensation 

Table 2. One-way Anova analysis 

 One Factor

Source DF Sum Squares Mean Square t-test

Among groups 3 10798320 3599440 235

Within groups 36 550787 15300 P=0.0001

Total 39 113449107

Results         

The obtained results showed that statistically 
differences existed among all groups. Cast posts cemented 
with Rely X ARC (group1) required the greatest amount 
of force to fracture and it was significantly higher than 
the other groups (p<0.05). Group 4 exhibited the lowest 

fracture resistance. Fracture strength results were as 
follows: group 1 (2103.50 N ± 185.75 ) > group 2 
(1494.80N ± 164.04) > group 3 (1004.90 N± 108.72)  > 
group 4 (739.40 N ± 96.93) (Tab. 3).  The statistical 
differences between the groups were given in table 4.

Failure modes were determined for all specimens. In 
group 1 and 2 root fractures were observed. A cohesive 
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type of failure was determined in group 3, while the failure 
was of an adhesive nature in groups 4. Displacement of 
the posts was not observed in any group with cast or fibre 
posts.

Table 3. Fracture strength values and standard deviations for 
each group

Group                        Treatment Mean Value (N)  SD (N)

1          Cast posts luted with 
Rely X ARC 2103.50a 185.75

2           Cast posts cemented 
with zinc phosphate 1494.80 b 164.04

3           Fibre post with Filtek 
Z-250 core 1004.90 c 108.72

4           Fibre post with Vit-
remer CBU core 739.40 d 96.93

Different superscript letters mean statistically significant difference 
(p<0.05)

Table 4.  Statistical analysis among groups

Groups P value

Gr1-Gr2 p=0.0001

Gr1-Gr3 p=0.0001

Gr1-Gr4 p=0.0001

Gr2-Gr3 p=0.0001

Gr2-Gr4 p=0.0001

Gr3-Gr4 p=0.0001

Discussion

After endodontic treatment, adhesive-luting cements, 
prefabricated post systems and light cured core restorative 
materials are preferred due to the reduction the chair time. 
Fracture resistance of endodontically treated teeth restored 
with aesthetic post-core systems was evaluated with in 
vitro designed researches8,15. The results of the present 
study showed that statistical differences exist among all 
groups. The cast post-core restorations luted with adhesive 
resin cement exhibited the highest fracture resistance, 
which was also reported in other studies15,20. But the 
results, which were obtained in other groups (2, 3, and 4) 
also exceeded the biting forces, which has been reported 
as 60 lb for anterior teeth (1 lb = 0.4535 kilogram)7. All 
the groups are acceptable for clinical treatments. The 
obtained results for fibre post-core restorations are similar 
to the results of Akkayan and Gulmez21.

It is reported that the size of the root will have 
a great impact on the fracture resistance3. This study 
examined the fracture strength of fibre post-core systems 
in comparison with conventional cast post-cores using 
unerupted canine teeth. The differences of size and shape 
of the teeth can influence the fracture resistance and may 
be the explanation for standard deviations of this study. 
The standard deviation in our study groups might be 
also due to the artificial periodontal ligament. The thin 
layer of condensation silicone simulated the periodontal 
ligament, acrylic resin the alveoli and blocks the bony 
sockets, according to Simirai et al10. By embedding the 
roots not directly into the acrylic resin blocks, external 
reinforcement of the root structure by the rigid acrylic 
resin material was avoided10.

Investigations focused on cementation showed 
various results related to zinc phosphate and resin 
based cements. Nissan et al12 reported that Flexi-Flow 
(reinforced composite resin cement) significantly 
increased the retention of post systems compared with zinc 
phosphate. In the present study cast post restorations luted 
with Rely X ARC (group 1) fractured in higher values 
in comparison to zinc phosphate luted posts. Adhesive 
cements, which bond not only to tooth structure but also to 
various types of posts, have the potential to create a highly 
retentive intracoronal restoration without the disadvantage 
of creating undue stress to the remaining root structure14.

Many studies investigated the physical properties 
of core materials11,12,14,22-24. Authors showed that glass 
ionomer materials’ failure rate is the highest4,7,11,25. In the 
present study, Vitremer CBU restorations showed weaker 
physical properties compared to the hybrid composite, 
Filtek Z-250. Post core restorations with Vitremer CBU 
showed the lowest fracture resistance (group 4). The 
disadvantage was the brittleness and poor adhesion 
characteristic of resin modified glass ionomer.

Fracture modes for post core restorations were also 
described in the literature. Martinez et al2 reported that 
cast posts and cores typically showed fracture of the tooth, 
albeit in response loads that rarely occurs in vivo. Fracture 
in the root was also observed in our cast post groups 
(groups 1 and 2), but the fracture resistance data are very 
high and may occur in the anterior region. Teeth restored 
with fibre posts showed an adhesive failure with Vitremer 
CBU material and cohesive failure with hybrid composite 
O’Keefe et al13 determined that higher bond strengths 
resulted in a higher percentage of cohesive failures. 

The easy application of prefabricated post 
restorations is important from the viewpoint of the 
clinician. The fibre post provide retention for the 
core material and can be placed immediately after 
endodontically treatment. A clinical advantage is that root 
fractures are not observed. A disadvantage may be that 
the luting procedures have high technical sensitivity. The 
success of the luting procedures depends on the dentin 
conditioning, ie. concentration of the etching agent and 
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application time, the dryness or moisture content of the 
root canal, individuals’ dentinal configuration, age of 
the patient, generation of the bonding system, irrigation 
solution, the reaction of the endodontic filling materials 
with dentin, the presence of the smear layer and the 
characteristics of the irrigation solutions. 

The clinical performance of post restorations depends 
on multiple factors, such as remaining hard tissue, core 
materials, fixed prosthodontics and individual criteria, 
occlusal forces or habits. Direction and speed of force 
(shear) and fatigue behaviour are also influencing factors 
on clinical performance. 

The results presented in this study were obtained 
from restorations without any prosthodontics abutment. 
Clinically, the final restoration might enhance the fracture 
strength. Future studies should aim the evaluation of direct 
post core restorations with prosthodontics abutment and a 
clinical follow-up study is definitely required for making 
conclusions about oral conditions.

Conclusions

It was concluded that cast post-core and fibre post-
core restorations could be acceptable clinically for 
endodontically treated teeth with a limited remaining 
hard tissue. Adhesive luting of the cast posts exhibited 
higher fracture resistance in comparison to zinc phosphate 
cemented cast post-core restorations. Fibre post 
restorations with Filtek Z-250 composite cores showed 
higher fracture resistance than fibre post restorations with 
Vitremer CBU.
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