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ABSTRACT

Aim of the study: This in vitro study was conducted to investigate the fracture strength and 
microleakage of simulated immature teeth reinforced with fiber post using two types of composite 
resin cement “ total etch and self etch “.

Materials and methods: Eighty freshly extracted maxillary central incisors were used in the 
study, they were divided into two groups (40 samples for each) according to the stage of root 
development (mature – immature), Then each group was subdivided into two subgroups (20 
samples for each) according to the type of adhesive composite resin cement (RELY X TM U200 
Automix) (3M ESPE Germany) self-adhesive and (Bifix QM) ( Voco. GERMANY) total etch , 
Each subgroup was further divided into two classes (10 samples for each) according to subjecting 
the samples to thermocycling or not , Finally 5 samples from each class were tested for fracture 
strength by using universal testing machine and the other 5 samples of each class were tested for 
microleakage by using digital microscope.

Results: The results of the fracture strength test showed that mature teeth showed higher fracture 
strength than simulated immature teeth. Total etch composite resin composite cement showed 
higher fracture strength than self etch cement. Finally the results showed that thermocycling affects 
negatively on fracture strength. As regard microleakage, the reults pointed out that no microleakage 
occurred in all tested groups.

Conclusions: Fracture strength of mature teeth is more than immature teeth, using total 
etch composite resin cement give more fracture strength than self etch composite resin cement, 
thermocycling affects negatively the fracture strength for mature or immature endodontically treated 
teeth, no microleakage occurred irrespective to the state of restored root (mature or immature).

KEY WORDS: Simulated immature, total etch, self etch, fiber post, fracture strength, 
microleakage.
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INTRODUCTION 

Restoration of an endodontically-treated tooth 
with extensive coronal destruction requires a 
post-and-core restoration to retain full and final 
crown restoration, In the anterior esthetic zone, a 
translucent fiber post may be a better choice if the 
tooth is being restored with translucent, esthetic 
restorative materials ,composite resin, porcelain 
veneers, or an all-ceramic crown (1).

Fiber-reinforced posts (FRPs) bonded to intra-
radicular dentin(2) using adhesive systems are 
preferred by many clinicians, as they are easier and 
faster to fabricate and less expensive than custom-
made post and cores. Favorable stress distribution 
of FRPs along the root that prevents catastrophic 
root fractures has been attributed to their modulus 
of elasticity being similar to dentin (3).

The fracture resistance of a post and core-restored 
tooth is proportional to the residual dentin tissue, 
as decreased root dentin thickness will weaken the 
tooth/dowel complex.

Although a decrease in microleakage in teeth 
restored with bonded FRPs compared with teeth 
restored with non-dentin bonding luting agents 
has been reported, leakage along the dowel space 
remains a concern.

MATERIALS AND METHODS

Teeth selection, cleaning, storage and preparation

Eighty freshly extracted maxillary central 
incisors were used in the study. For disinfection 
purpose, teeth were immersed in 5.25% sodium 
hypochlorite solution for 24 hours. Hard and soft 
tissue deposits were then removed using ultrasonic 
instrumentation (Cavitron; Dentsply Intl, York, Pa).  
Thereafter, they were stored in saline.

Eighty tooth were studied; they were divided 
into two groups (40 samples for each) according 
to the stage of root development (mature – 
immature),Then each group was subdivided into 

two subgroups (20 samples for each) according 
to the type of adhesive composite resin cement.
Each subgroup was further divided into two classes 
(10 samples for each) according to subjecting the 
samples to thermocycling or not.Finally 5 samples 
from each class were tested for fracture strength and 
the other 5 samples of each class were tested for 
microleakage.

Equal length of sound tooth structure from the 
root apex to the sectioned surface were measured 
and marked with a pencil on the selected teeth. 
These latter were sectioned using a diamond rotary 
cutting instrument (760 R; Kerr Dental, Orange, 
Calif, USA).This created a planned sectioned 
surface perpendicular to the long axis of the tooth. 
The remaining root length was 12 ± 0.5. Materials 
used in this study are listed in table 1.

Types Commercial 
names

Manufactures

Prefabricated 
fiber post

Rely X fiber post 3M ESPE. Seefeld 
• GERMANY

Self etch adhesive 
composite resin 

cement

Rely X U200 
Automix

3M ESPE. Seefeld 
• GERMANY

Total etch 
adhesive 

composite resin 
cement

Bifix QM Voco. GERMANY

Obturating 
material (MTA)

Angelus PR,BRAZIL

Root canal treatment and obturation

1. Control group (mature teeth)

Root canal preparation was performed using Ni-
Ti rotary system (Protaper, DENTSPLY, Tulsa, USA) 
according to the manufacturer’s recommendations.

Alternative irrigation with sodium hypochlorite 
(NaOCl) solution5.25% and ethylene diamine tetra 
acetic acid (EDTA) was performed.

A sealer (Ah 26; Dentsply Tulsa, USA) was 
mixed according to manufacturer’s instruction 
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and introduced into the canal using paper points. 
Teeth were obturated with 0.04 taper ISO No. 40 
gutta percha cones (Lexicon; Dentsply Tulsa,USA) 
using lateral condensation technique. A periapical 
radiograph was taken to assess the accuracy of 
obturation.

2. Simulated immature teeth

Peeso reamers between #1 and #6 were introduced 
in the root canals and a #6 Peeso reamer was allowed 
to protrude 1 mm beyond the apex. The remaining 
dentin thickness 1-2 mm. The root canals were 
irrigated using 2 ml of 5.25% sodium hypochlorite 
after each file and a final flush with 5 ml of 17% 
EDTA was made to remove the smear layer. Finally, 
the root canals were flushed with distilled water and 
dried using paper points (Lexicon; Dentsply Tulsa).

To simulate clinical conditions, a calcium 
hydroxide paste was introduced in the root canals. 
Then, the root canal accesses were filled using a 
temporary filling material (Cavit; 3M ESPE, St 
Paul, MN, USA.) and the samples were kept for 7 
days at 370C under 100% humidity.

Following the 7-day incubation period, the 
temporary filling material was removed from the 
access cavities, and the previously placed calcium 
hydroxide paste was removed from the root canals 
using 5.25% sodium hypochlorite and a final flush 
with 17% EDTA. A final irrigation was made using 
distilled water and the root canals were dried with 
paper points.

MTA application

White ProRoot MTA (Angelus) was prepared 
according to the manufacturer’s instructions and 
placed in the root canal using a lentulo spiral until 2 
mm short of the apex (4). A cotton pellet moistened 
with distilled water was wrapped around a file 
and the MTA was condensed until a 4- to 5-mm 
apical thickness was achieved. The thickness and 
homogeneity of the MTA plug were radiographic 
confirmed. The apices of the experimental teeth 

were covered with a wet cotton pellet and the 
samples were kept for 12 h at 37˚C under 100% 
humidity for allowing MTA to set completely.

Mold preparation

An acrylic resin blocks was made to properly 
fix each root in an exact vertical direction. The 
following steps were performed:

A-	 Construction of the split Copper mold.

B-	 Adjusting the root in the proper axial direction.

C-	 Root blocks formation.

Post space preparation

Post space preparation for all teeth was initiated 
after obturation. The post room was prepared 
by using an axio drill.  It is composed of a lower 
aluminum base to which a steel vertical rod is fixed.  
An attached stand is connected to the vertical rod to 
which a straight hand piece is mounted; 90° angled 
and securely fixed to it. The stand is allowed to 
move up and down in an exact vertical direction by 
means of a fixed horizontal arm through a spring. 
The straight hand piece is connected to a low speed 
motor (15.000-rpm). This design permits the creation 
of an exact vertically drilled post-hole. A post drill 
(size 1 refill pack RelyX fiber post drill.3M ESPE.
GERMANY) was used to prepare the post spaces at 
a speed of 5000 rpm. The created depth was 9 mm. 
This was to ensure that 5 mm gutta-percha apical 
was left.

Post cementation

Half of samples of control group and simulated 
immature teeth were cemented using self etch 
adhesive composite resin cement (RELY X TM 
U200 Automix, 3M ESPE. Seefeld • GERMANY) 
and the another half were cemented using total etch 
adhesive composite resin cement (Bifix QM, Voco. 
GERMANY) according manufacture instructions.
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Thermocycling

Prior to testing, half of samples in each subgroup 
were stored in distilled water at 370C for 2 days 
and all of them were additionally subjected to 
thermocycling between water temperatures of 
5°C and 55°C with a dwell time of 20 seconds for 
3000 cycles, using an automated thermal cycling 
machine. One thousand cycles represent two years 
of clinical survival which is described in ISO/TS 
11405 were performed.

Fracture strength test

The specimens were stored in 100% humidity at 
37 0C until fracture testing using universal testing 
machine.  For the fracture testing, a jig was prepared 
that allowed the fixation of the cylinders at an 
angle of 450. A compressive load was applied at a 
crosshead speed of 1 mm min until fracture. Loading 
was adjusted so that the force was applied from 
the palatal surface at a point corresponding to the 
middle of the mesio-distal length of the sectioned 
surface. The maximum load at which the specimens 
fractured was recorded in Newtons.

Microleakage test

The specimens were stored in tap water for 
one week at 37°C before being treated with a dye 
penetration test. The specimens were dried with air 
and were coated with clear nail varnish to prevent 
the dye from penetrating into the tooth. Areas 1 mm 
from the apical were left uncoated. The specimens 
were subsequently immersed in freshly prepared 2% 
methylene-blue solution in separate containers for 
one week. The specimens were then rinsed under 
running tap water, and any visual dye remnants on 
the surface were cleaned with a brush and pumice 
stone.Then the specimens were sectioned vertically 
into two sections by using IsoMet 4000 microsaw 
(buehler Germany precision cutting, Germany).All 
samples were positioned perpendicularly in a digital-
microscope (Scope Capture Digital Microscope, 
Guangdong, China) , magnification X25, and the 
images were captured and transferred to a IBM 

personal computer equipped with the Image-tool 
software (Image J 1.43U, National Institute of 
Health, USA(.Within the Image J software, all 
limits, sizes, frames and measured parameters are 
expressed in pixels. Therefore, system calibration 
was done to convert the pixels into absolute real 
world units. Calibration was made by comparing an 
object of known size (a ruler in this study) with a 
scale generated by the Image J software. Then, the 
images of traced dye penetration path were overlaid 
and transferred to Image J software in order to 
calculate penetration depth measured in (mm).

Statical analysis test

All data were collected, means & standard 
deviations were calculated & then statical analysis 
using ANOVA test and Multiple Comparisons 
Dependent Variable: VAR00002 LSD.

RESULTS

Fracture strength test

1-	 Fracture strength of simulated immature teeth 
and mature teeth:

The results showed that there is a statistical 
significant difference between the two groups. 
Mature teeth recorded higher fracture strength 
(316.9235 N) than simulated immature teeth 
(269.5423N).

Fig. (1) Comparison between fracture strength of simulated 
immature teeth and mature teeth.
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2-	 Fracture strength of mature teeth undergone 
thermocycling and mature teeth with no 
thermocycling:

The results showed that there is a statistical 
significant difference between the two groups. 
Mature teeth with no thermocycling recorded 
higher fracture strength  (360.0310N) than those 
undergone thermocycling teeth (273.8160N).

Fig. (2) Comparison between fracture strength of mature teeth 
undergone thermocycling and mature teeth with no 
thermocycling.

3- 	Fracture strength of simulated immature teeth 
undergone thermocycling and immature teeth 
with no thermocycling:

The results showed that there is a statistical 
significant difference between the two groups. 
Immature teeth with no thermocycling recorded 
higher fracture strength (299.2557N) than those 
undergone thermocycling teeth (239.8290N).

4-	 Fracture strength of mature teeth undergone 
thermocycling restored with fiber post cement-
ed with self etch composite resin cement and 
with total etch composite resin cement:

The results showed that there is a statistical 
significant difference between the two groups. 
Mature teeth undergone thermocycling restored 
with fiber post cemented with total etch composite 
resin cement recorded higher fracture strength 
(291.7860N) than those undergone thermocycling 
and restored withe fiber post cemented with self 
etch composite resin cement (255.8460N).

Fig. (4) Comparison between fracture strength of mature teeth 
undergone thermocycling restored with fiber post 
cemented with self etch composite resin cement and 
mature teeth and with total etch composite resin cement

5-	 Fracture strength of simulated immature teeth 
undergone thermocycling restored with fiber 
post cemented with self etch composite resin 
cement and with total etch composite resin 
cement:

The results showed that there is a statistical 
significant difference between the two groups. 
Simulated immature teeth undergone thermocycling 
and post cemented with total etch composite 
resin cement recorded higher fracture strength 
(282.8700N) than those undergone thermocycling 
teeth restored with fiber post cemented with self 
etch composite resin cement (196.7880N).

Fig. (3) Comparison between fracture strength of simulated 
immature teeth undergone thermocycling and simulated 
immature teeth with no thermocycling.
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6-	 Fracture strength of mature teeth with no ther-
mocycling restored with fiber post cemented 
with self etch composite resin cement and with 
total etch composite resin cement:

The results showed that there is a statistical 
significant difference between the two groups. 
Mature teeth with no thermocycling restored with 
fiber post cemented with total etch composite 
resin cement recorded higher fracture strength 
(420.7660N) than those undergone thermocycling 
teeth restored with fiber post cemented with self 
etch composite resin cement (299.2960N).

7-	 Fracture strength of simulated immature teeth 
with no thermocycling restored with fiber post 
cemented with self etch composite resin cement 
and with total etch composite resin cement:

  The results showed that there is a statistical 
significant difference between the two groups. 
Simulated immature teeth with no  thermocycling 
restored with fiber post cemented with total 
etch composite resin cement recorded higher 
fracture strength (333.0554N) than those with no 
thermocycling restored with fiber post cemented 
with self etch composite resin cement (265.4560N).

Fig. (7) Comparison between fracture strength of simulated 
immature teeth with no thermocycling restored with 
fiber post cemented with self-etch composite resin 
cement and with total etch composite resin cement.

8-	 Fracture strength of all tested groups

Means & standard deviations of the fracture 
strength of all tested groups are shown in figure.  The 
results showed that there is a statistical significant 
difference between all tested groups. 

Microleakage test

All tested groups (mature or immature teeth) 
showed that no microleakage has been occurred.

Fig. (5) Comparison between fracture strength of simulated 
immature teeth undergone thermocycling restored with 
fiber post cemented with self-etch composite resin 
cement and with total etch composite resin cement.

Fig. (6) Comparison between fracture strength of mature 
teeth with no thermocycling restored with fiber post 
cemented with self-etch composite resin cement and 
with total etch composite resin cement.
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DISCUSSION

This study was conducted to investigate the 
fracture resistance and micro leakage of simulated 
immature teeth using two types of composite resin 
cements (self etch and total etch). Since anterior 
teeth are more prone to trauma. It has been reported 
that prevalence of trauma involving upper central 
incisors is about 37% (5). The fracture of anterior 
teeth, especially if it involves extensive loss of tooth 
structure has a great psychological impact.

To prepare the mature group, 40 human 
maxillary central incisors free of any defects were 
selected. Crowns were transversely sectioned at the 
cement-enamel junction. Thereafter, the roots were 
endodontically treated.

Since the smear layer contains organic and 
inorganic matter (6), that might be infected (7) and its 
removal is proposed. Such practice may enhance 
the micromechanical retention when cementation of 
the post is done with resin cement (8).  As a result, 
NaOCl and EDTA were alternately used to remove 
the organic matrix and the inorganic material of the 
dentine substrate thus reducing the dentine micro-
hardness (9). Accordingly, a resin root canal sealer 
was used due to lesser amount of leakage and 
high tensile strength (4,10). Studies reported more 
apical leakage after delayed post space preparation 
compared with immediate preparation(11,12). 
Accordingly, post space preparation was initiated 
immediately after root canal treatment.

Mechanical method using gates-Glidden burs 
had been used. Mechanical removal of the coronal 
portion of root canal fillings can affect the quality of 
the seal of the root canal filling(13-15), this method is 
preferred over the thermal one by many authors in 
terms of leakage (16-18). 

Viewing post space preparation, five mm 
remaining root canal filling was left in place to 
provide an adequate apical seal (19-22). As an apical 
seal less than 5 mm is more prone to leakage which 
could not provide an adequate seal  (23,24).

In order to simulate immature teeth, another forty 
maxillary incisor teeth were selected. When mature 
teeth are enlarged to resemble immature teeth, the 
outer part of their roots would demonstrate lower 
tubular density and more intertubular dentine (25). 
It has therefore been concluded that although teeth 
used in these studies may morphologically mimic 
immature teeth, they are unable to do so in terms 
of tissue composition or physical characteristics (4).

Prior to placement of MTA for apexification, 
the manufacturer recommends that the canal be 
medicated with calcium hydroxide for 1 week, with 
subsequent removal using sodium hypochlorite and 
instruments as needed. It has been indicated that this 
may enhance the difficult task of debriding the canal 
system with an open apex (26). 

MTA Fillapex has been developed very recently 
to be used as a permanent root canal filling material, 
presumably in an attempt to integrate the beneficial 
properties of mineral trioxide aggregate in a 
permanent sealing material. The possible advantages 
of this system are the utilization of the material with 
the desired gutta-percha techniques and the chance 
of removal, on the other hand, whether it exerts the 
same beneficial effects as the original MTA, such 
as calcium release and induction of cementogenesis, 
is a topic of discussion and needs to be supported 
by future studies (27). Although the MTA-based 
sealer used in the present study was not evaluated 
in terms of these properties.  MTA Fillapex can be 
considered as an a alternative root filling material 

Fig. (8) Statistical difference between all tested groups.
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and its usage in combination with an apical plug of 
MTA may provide the advantage of using materials 
of the same characteristics in the root canal system.

Fiber posts were chosen since they are designed 
to have physical properties similar to those of 
dentine. Moreover, they have a lower modulus of 
elasticity compared with metallic posts. Fiber post 
flexes slightly under load and distributes stresses to 
the root dentine, which is claimed to help reduce the 
incidence of root fracture (28). When fracture occurs, 
the fiber post inside tends to fracture preferentially 
and the remaining root could be re-restored (29).

Resin cementation eliminates the wedging effect 
of the post and reduces the susceptibility root to 
fracture(30). Bond strengths to root canal dentine 
are material dependent (31). Two types of composite 
resin cement was (self etch and total etch) used as 
it is less soluble and more retentive when compared 
with other cements such as glass-ionomer and 
polycarboxylate cements(32,33). Although resin-
modified glass ionomer possesses higher bond 
strength than resin cement(34), resin cement was used 
due to its higher fracture toughness (35).

Thermal cycling is used to test the durability of 
resin bonds.  It is considered to be clinically relevant 
aging parameters (36) One thousand cycles represent 
two years of clinical survival which is described in 
ISO/TS 11405 (37).

Fracture strength is dependent on the modulus 
of elasticity of the material. Thus, it is considered a 
more meaningful property compared to compressive 
strength when validating materials suitability 
for structural components(38,39). For the fracture 
testing, a jig as described by de Melo et al. (40) was 
prepared that allowed the fixation of the cylinders 
at an angle of 45. The effect of the periodontium 
was not reproduced in the present study and direct 
embedding in acrylic was preferred instead. It has 
been reported that covering roots with silicone or 
wax prior to embedding into acrylic might cause root 
movement during loading which may not exactly 
reflect clinical conditions. Also, it has been stated 
that the dissimilar elasticity of simulating materials 

from the periodontium are under representative of 
clinical status (41) for the above mentioned reasons, 
the samples were directly embedded into acrylic and 
a more uniform dispersion of stress and reflection of 
clinical circumstances were anticipated by such an 
approach.

Using dye penetration method in testing 
microleakage has many advantages over the 
other techniques. First of all, microleakage is 
demonstrated by single colored agent without 
the need for any further introduction of chemical 
reaction or hazardous radiation. In addition the 
researchers can have a range of available dye agents, 
which allow the method to be easily confirmed and 
easily repeated. They can, to some extent, have 
clinical significance since the particle size of dye 
agents can be premeasured (42).

The result showed that there is a statistical 
significant difference between the simulated 
immature teeth and mature teeth. Mature teeth 
recorded higher fracture strength (316.9235N) 
than simulated immature teeth (269.5423N). This 
is in accordance with Tanalp et al (2012)(45) who 
reported that immature teeth exhibited low fracture 
resistance.  This may be due to the fact that MTA 
placed apically does not exert a reinforcing effect(43).

The results showed that there is a statistical 
significant difference between the mature & 
immature teeth undergone thermocycling and those 
not subjected to thermocycling. Teeth undergone 
thermocycling recorded lower fracture strength 
(273.8160N for mature teeth, 239.8290N for 
immature teeth) than those undergone thermocycling 
teeth (360.0310N for mature teeth, 299.2557N for 
immature teeth). This may be due to the fact that 
strength is affected by thermocycling, as reported 
by  Luthy et al (2006) (44).

The results showed that there is a statistical 
significant difference between fracture strength of 
tested samples bonded with self-etch composite 
resin cement and those bonded with total etch 
composite resin cement irrespective to the state of 
tooth development or thermocycling. Teeth with 
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total etch recorded higher fracture strength than 
self-etch. This may be due to the fact that the resin–
root dentin interdiffusion zone is less pronounced 
with the self etching approach than with the total 
etch approach (45).

The result showed that no significant 
microleakage occurred irrespective to the state of 
restored root (mature or immature). This may be due 
to the fact that MTA was used in this study. MTA is 
a recently developed promising material consisting 
of tricalcium oxide and other mineral oxides such 
as tricalcium silicate, silicate oxide, and tricalcium 
oxide. The pH of the material has been determined 
as 12.5 when set, which is comparable to that of 
calcium hydroxide (46) MTA’s biocompatibility and 
low cytotoxicity, antimicrobial properties (47) and 
low microleakage (48), ability to set in the presence 
of blood or moisture are among the material’s 
additional advantages (45) .

CONCLUSIONS

Within the limitation of this study:

1-	 Fracture strength of mature teeth is more than 
immature teeth.

2-	 Using total etch composite resin cement give 
more fracture strength than self etch composite 
resin cement.

3-	 Thermocycling affects negatively the fracture 
strength for mature or immature endodontically 
treated teeth.

4-	 No microleakage occurred irrespective to the 
state of restored root (mature or immature).
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