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ABSTRACT 
Aims: To evaluate the fracture resistance of premolars with mesio–occluso–distal (MOD) preparations 
with resin composite using different incremental techniques when submitted to occlusal load. 
Materials and Methods: Fifty premolars were used and randomly divided into five groups of ten teeth 
each. The teeth in group I were prepared and not restored. The teeth in group II were restored in 
vertical technique. Teeth in group III were restored in horizontal technique. Teeth in group IV were 
restored in oblique technique. Teeth in groups II, III and IV were restored using Exite adhesive system 
and Tetric hybrid composite. Teeth in group V were restored in horizontal technique using 
combinations of Tetric flowable composite and Tetric hybrid composite. After thermocycling, the teeth 
were tested under universal compression machine. The data obtained in this research were subjected to 
analysis of variance and Duncan’s Multiple Range Test. Results: Both groups V and IV significantly 
increase the fracture resistance of teeth over groups II and III. Conclusions: Selection and appropriate 
use of materials, better placement technique and control polymerization shrinkage may increase the 
resistance of teeth to fracture with Class II resin composite restorations. 
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INTRODUCTION 

During the polymerization of bonded 
resin composite restoration, a complex pr-
ocess occurs. As the curing proceeds cont-
raction and flow gradually decrease and 
the resin composite stiffness increase. As a 
result, the stress begins to grow and can 
cause adhesion failure (1–3). 

Polymerization shrinkage that occurs 
during the curing of resin composite resu-
lts in significant stresses in the composite 
tooth bond and surrounding tooth structu-
re  (4–6). 

Techniques used to minimize the 
effect of polymerization shrinkage like pr-
ogressive photo polymerization and incre-
mental insertion technique (7, 8). 

In the progressive photo polymeriza-
tion, the composite is irradiated by a low 
initial light intensity followed by normal 
light intensity. With low light intensity, 
the resin stays for a longer period in a flow 
state whereby volumetric change can be 
compensated for by this continued flow of 
the resin composite. Afterwards, high light 
intensities are necessary for a complete 
polymerization and optimal mechanical 

properties (9–11). 
The incremental technique is based 

on polymerization with resin composite 
layers less than 2 mm thick. The purpose 
of the incremental techniques is to min-
imize the stress generated by polymeriza-
tion contraction, inserting resin layers into 
the cavity reducing the bonded areas and 
allows the resin composite to flow at the 
free surfaces. As a result, we have a lower 
C factor (configuration) which is the ratio 
between bonded and unbounded surfa-
ces(12–14). 

The goal of this research is to 
evaluate the fracture resistance of prem-
olars with MOD preparations restored with 
different incremental techniques when 
submitted to occlusal load. 

 
MATERIALS AND METHODS 

Fifty maxillary premolar teeth extr-
acted for orthodontic purposes were 
collected immediately after extraction and 
placed in distilled water before being 
evaluated for use in this research. All of 
teeth selected were intact, non–carious and 
unrestored. They were cleaned with 
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pumice. Any tooth with crack was exc-
luded. Each tooth was mounted in a plastic 
cylinder with the long axis of the tooth 
perpendicular to the plane of surveyor. 
The level of cold cure resin was brought to 
be 2 mm below  the cemento–enamel junc-
tion. They were then stored in distilled 
water. 

Class II MOD cavities were prepared 
with parallel walls and no a proximal 
boxes in all teeth with number 245 carbide 
bur in a high speed hand–piece under air 
water spray. The bur was replaced after 
each five preparations. For the purpose of 
standardization, the surveyor was used. 
The plate of the surveyor was fixed in a 
horizontal plane, then the ring was fixed 
on the plate. The parallel sided carbide 
bur, which moves at fixed horizontal pla-
ne, was passed through the parallel walls 
making them parallel to each other. The 
resulting cavity was 1/3 of the intercuspal 
distance. The occluso–pulpal depth of the 
cavity was 1/2 of the length of the crown 
measured from buccal cusp tip to the 
cemento–enamel junction. All these dime-
nsions were measured using a digital 
vernier to standardize the cavity prepara-
tions. A round bur attached to an angled 
hand–piece running in a conventional spe-
ed along the internal line angles making 
them round. 

After preparation, the teeth were 
randomly divided into five groups of ten 
teeth each. The teeth in group I were not 
restored. With exception of the placement 
technique, teeth in groups II, III and IV 
were restored using Excite adhesive sys-
tem (Ivoclar Vivadent AG, Fl–9494 
Schaan / Liechtenstein) and Tetric hybrid 
resin composite (Ivoclar Vivadent AG, Fl–
9494 Schaan / Liechtenstein) following the 
manufacturer’s instruction. 

Teeth in group V were restored using 
Excite adhesive system and a combination 
of both Tetric flowable composite (Ivoclar 
Vivadent AG, Fl–9494 Schaan/ Liechtens-
tein) and Tetric hybrid composite. 

Teeth in group II were restored in 
three incremental vertical layers: First fill-
ing and polymerization the proximal faces 
and then the central. 

Teeth in group III were restored in 
three incremental horizontal layers. 

Teeth in group IV were restored in 

incremental oblique layers: First the 
material was placed against the buccal 
wall up to the pulpal floor and polym-
erized, then the material was placed aga-
inst the lingual wall up to the pulpal floor 
and polymerized. This procedure was re-
peated to fill the preparation in four layers. 

Teeth in group V were restored in 
three horizontal layers: The first layer with 
Tetric flowable composite. The second and 
third layers with Tetric ceram composite. 

The teeth of the five groups were 
thermocycled between 5 to 55 + 2 ºC for 
100 cycles and stored in distilled water for 
24 hours at 37 ºC in an incubator before 
testing. 

The teeth were tested for resistance to 
fracture with a universal compressive mac-
hine (Engineering rest equipment, Model 
CN 472, Soil test, USA). A 5 mm diameter 
cross head with a speed of 0.5 mm/min 
was used touching only the occlusal inc-
line of the facial and lingual cusps until 
fracture occurred. 

 
RESULTS 

The minimum and maximum values for 
the load that required to produce teeth 
fracture were listed in Table (1). The data 
were analyzed using ANOVA, Table (2). 
Duncan’s Multiple Range Test was used to 
compare the significantly different groups, 
Figure (1). 
The results of this research showed that 
both group V (94.61 + 13.64 Kg) and 
group IV (93.59 + 13.87 Kg) significantly 
increase the fracture resistance of teeth 
over group II (73.52 + 15.34 Kg) and 
group III (71.46 + 7.97 Kg). Teeth in 
group I (48.67 + 6.1 Kg) demonstrated 
significantly the least fracture resistance 
among the test groups. 
There was no significant difference betw-
een groups II and III. Also, there was no 
significant difference between groups IV 
and V. 
 

DISCUSSION 
The preparation made were proportional to 
the tooth dimensions (1/3 of the intercu-
spal distance and 1/2 of the length of the 
crown). This may lead to the same fracture 
resistance of all teeth evaluated in this 
research. 
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The polymerization shrinkage of a resin 
composite can create contraction forces 
that may disrupt the bond to cavity walls 
and lead to microleakage (2, 15). 
If the composite–tooth bond is able to 
withstand the deformation stresses induced 
by the contracting composite can cause 
deformation of tooth structure and degree 
of cuspal movement which predisposes the 
tooth to fracture (16–18). 
In this research, it was observed that the 
obliquely placed composite showed signif-
icantly higher value of fracture resistance 
and this may be due to the fact that in this 
technique, wedge shaped composite incre-
ments are placed further prevent distortion 
of cavity walls and inserting the resin into 
the cavity by wedge shaped layers reduces 
the C factor which allows the resin to flow 
at free surfaces (10, 19). As a result, the stres-
ses of polymerization shrinkage will be 
reduced which lead to increase the resista-
nce of teeth to fracture. This finding came 
with the finding of Bharadwaj et al (20). 
In this research, it was observed that the 
horizontal incremental technique using 
combinations of both flowable and hybrid 
composite showed significantly higher va-
lues of fracture resistance. The goal of the 

selective composite technique is to use 
different combinations of composite mate-
rials (flowable and hybrid) to restore 
enamel and dentin. Enamel is a highly 
mineralized tissue and contain 92% inorg-
anic hydroxyapatite by volume. Dentin is 
only 45% inorganic. So, bonding resin 
composite to the dentinal surfaces is consi-
derably more complex and less reliable 
than bonding resin composite to acid–
etched enamel.(21,22) It also has been demo-
nstrated that when bonding to deep dentin, 
a decrease in bond strength may occur (23). 
This may explain the adhesive failure at 
the dentin–composite restoration interface 
even through high bond strength. As a 
consequence, composite can be deformed 
under occlusal load (24). The use of a flow-
able composite may improve the marginal 
adaptation to dentin(25) and help to create 
an elasticity gradient between the dentin 
and the hybrid composite, thus the flow-
able composite may improve the effective-
ness of the dentin bonding agent in counte-
racting the polymerization stress at the 
restoration–dentin interface (8, 22) and as a 
result, increasing the resistance of teeth to 
fracture. 

 
 
 

Table (1): Descriptive statistics for the load (in Kg)  
required to produce teeth fracture 

Group Number Minimum Value Maximum Value Mean + SD 
I 10 40.9 56.1 48.67 + 6.1077 
II 10 55.4 97.8 73.52 + 15.3498 
III 10 56.1 82.3 71.463 + 7.9726 
IV 10 71.5 110.7 93.59 + 13.8798 
V 10 67.8 116.3 94.613 + 13.6458 

SD: Standard deviation. 

 
Table (2): Analysis of variance for the effect of filling techniques  

on fracture resistance of teeth 
 SS Df MS F–value  p–value  

Between Groups 14288.266 4 3572.066 
Within Groups 6438.030 45 143.067 24.968 0.000 

Total 20726.296 49    
SS: Sum of square; MS: Mean squares; Df: Degree of freedom.  
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Figure (1): Duncan’s Multiple Range test for the effect of filling technique 
on fracture resistance of teeth 

 
Means with different letters were statistically significant (p < 0.001) 
 

CONCLUSIONS 
Selection and appropriate use of 

materials, better placement technique and 
control polymerization shrinkage may inc-
rease the resistance of teeth to fracture 
with Class II resin composite restorations. 

Horizontal technique using flowable 
and hybrid composites and oblique techni-
que significantly increase the resistance of 
teeth to fracture. 
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