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A B S T R A C T

Objectives: To evaluate the fracture resistance and mode of failure of maxillary premolars restorations
restored with nanohybrid Composite, ORMOCER and Ceramic Inlays.
Materials and method: 100 extracted first maxillary premolar were collected. Samples were divided into
five groups. Group I – Intact premolars, Group II –MOD cavities without restorations, Group III – MOD
cavities restored with composite restoration, GROUP IV – MOD cavities restored with ORMOCER
restoration and GROUP V – MOD cavities restored with ceramic inlays. All the samples were sent for the
axial compression test under the universal testing machine. Fracture resistance and fracture modes were
recorded.
Result: Highest fracture resistance was achieved in Group V (1324.74 � 336.78) almost comparable to that
of natural tooth (1381.07 � 259.36) (p < 0.05), followed by Group IV (MOD cavities with ORMOCER
restorations) (1082.27 � 351.27) (p < 0.01) and least fracture resistance in Group III (MOD cavities with
composite restorations) (778.35 �100.25) (p < 0.0001). Mode of fracture in Group IV and Group V are
almost similar and In Group III 65% of the cases showed non-restorable fractures.
Conclusion: ORMOCER fracture resistance along with other groups of clinically restorable fracture stand
better than Nanohybrid composite.
Clinical Relevance: Based on the present study, the dentist can utilize the ORMOCER material as a
restoration material for the cavities of posterior teeth which is better in terms of fracture resistance and
durability of the restoration when compare to nanohybrid composite.
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1. Introduction

The demand for aesthetic restorations in MOD cavities for
posterior dentition has increased during the last few decades.1–7

Use of adhesive materials to reinforce the weakened tooth
structure was suggested in very early phase of dental practice,8

but due to lack of better formulations in aesthetic adhesive
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materials, amalgam was the gold standard materials for restoration
of posterior tooth. Currently, composite resins and ceramic are
available choices of for posterior aesthetic restorative material and
recently organically modified ceramic (ORMOCER) is introduced.8,9

Use of resin composite as aesthetic restorative material in
posterior stress bearing areas have been increased due to
availability of better aesthetics and good bonding.9 But despite
of these improvements in the physical properties like polymerisa-
tion shrinkage are present within these resins limit their
applications as a restorative material.10,11 Ceramic is one of the
basic groups of materials successfully used in dentistry for many
years.12,13,14 Ceramic is claimed to be most biocompatible and
natural appearing.15–19 But various studies done on restorations
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Table 1
Descriptive statistics for fractural resistance for study groups.

Group name No. of samples Mean � SD (N) Range (N)

Control 20 1381.07 � 259.36 (1079.6–2075.64)
MOD cavity 20 492.92 � 98.91 (356.72–692.86)
Composite restoration 20 778.35 � 100.25 (631.12–1024.1)
ORMOCER restoration 20 1082.27 � 351.27 (770.28–2061.92)
Ceramic inlay 20 1324.74 � 336.78 (900.23–1963.58)
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like ceramic inlays stated that these restorations are associated
with a vast variety of complications.20 Restorative resin material
like organically modified ceramic (ORMOCER) claimed to have
improved physical and mechanical properties especially, when it
was used as a posterior filling material with improved esthetics.9,21

Thus, it is imperative to test such material against current
successful materials.

The main purpose of this in vitro study is to evaluate and
compare the fracture resistance of human maxillary premolars
with MOD cavities restored with Nanohybrid Composite, Ceramic
Inlays and ORMOCER restorations. Study also focuses on
suggesting clinicians to select proper posterior aesthetic restor-
ative material for long term clinical success and benefit of the
patients.

2. Materials and Method

The present in vitro study was carried out on 100 non carious
human maxillary 1st premolar which were schedule for ortho-
dontic extraction with complete root formation and similar
dimensions (Buccolingually 9 mm � 10%, Mesiodistally 7 mm
� 10% and total tooth length 21 mm � 10%) were collected. They
were cleaned, disinfected and stored as per the recommendations
and the guidelines lay by CDC (Centre for Disease Control and
Prevention).22 Each tooth was examined under stereomicroscope
X16 (3D Medical System) to check for cracks, surface defects,
external aberrant anatomy or improperly formed roots. The
selected teeth were stored in phosphate buffer saline solution.
(Severn Biotech Limited Worcestershire, DT11 6TJ).

The root part of each sample was encircled with spacer wax, this
acted as spacer to simulate PDL (periodontal ligament). Metallic
mould with dimensions of 11 �11 mm with clear cold cure acrylic
resin (DPI, India) was used to mount the sample tooth. After the
complete setting of the acrylic resin, tooth was taken out and
spacer wax was removed. The space created in the acrylic resin
block were filled with light body elastomeric impression material
(Aquasil, Dentsply,Caulk Milford,DE) and tooth was again placed
back in the block and excess of material was removed. Then the
entire block was finished and polished. All the 100 samples
prepared were divided into five groups (20 samples in each group).

Group I – Intact premolars (Negative control group)
Group II – MOD cavities with no restorations (Positive control

group).
Group III – MOD cavities restored with composite restoration.
GROUP IV – MOD cavities restored with ORMOCER restoration.
GROUP V – MOD cavities restored with ceramic inlays.
MOD cavities were prepared for groups II, III, IV and V using

high speed air rotor (Sirona, Germany) under air-water cooling and
similar conditions. All internal angles were rounded and the total
occlusal divergence of vertical walls was 5�each. The occlusal
isthmus was 1/3rd of intercuspal distance i.e. 3 mm wide
buccolingually and with 2 mm deep pulpal floor. The buccolingual
widths on mesial and distal boxes were 3 mm wide, similar to the
occlusal isthmus width. Each box had a gingival floor of 2 mm
mesio distally and axial wall height of 2 mm. Margins were
prepared with 90-� cavosurface angles. All the surfaces of the tooth
were made with calibrated burs and measured with Williams
graduated periodontal probe. The entire cavity was subjected to
the coral and AutoCAD software for the accurate measurement of
the angle of divergence of cavity.

Samples cavities of Group III were etched with 37% phosphoric
acid (Tetric N Ceram, Ivoclar Vivadent, Fürstentum, Liechtenstein)
for 30 s. Then metal matrices using toffelmire retainer were
contoured around the tooth with medium fusing impression
material. After this bonding agent was applied and Nanohybrid
composite resin (Tetric N Ceram, Ivoclar Vivadent, Fürstentum,
Liechtenstein) was placed in oblique increments in the tooth and
each increment cured for 40 s. Finishing and polishing of was done
using discs and burs (Shofu, Germany). Cavities of group IV was
restored in similar way as in group III with ORMOCER restorations
(Voco, Admira, Germany).

In Group V, direct wax pattern of the cavity was taken using
inlay wax. Fabrication of inlay was done using IPS empress E – max
II (Ivoclar Vivadent, Fürstentum Liechtenstein). All the teeth were
etched with 37 percent phosphoric acid for 30 s. The inner surfaces
of the ceramic restorations were etched with 4% percent hydro-
fluoric acid (IPS Ceramic Etching Gel, Ivoclar Vivadent, Fürstentum
Liechtenstein) for 20 s. After that ceramic inlays were silanized
with Monobond S (Ivoclar Vivadent, Fürstentum Liechtenstein).
The ceramic inlays were luted and using multilink II dual-
polymerizing resin composite and light cured For 40 s. (Ivoclar
Vivadent, Fürstentum Liechtenstein) After polymerizing, the
excess resin composite was removed with a scalpel (BD Bard-
Parker Special Surgeon’s Blades no. 15C scalpel, Becton- Dickinson,
Franklin Lakes, N.J.)

All the samples were checked for any kind of defects and then
were sending for the axial compression test under universal testing
machine (Instron 4467, India). After testing fracture resistance was
noted and Fracture modes were recorded and observed by operator
and volunteer, based on the degree of tooth structure and
restoration damage, using a modified classification system
proposed by Burke et al.23

� TYPE I – Isolated fracture of restoration.
� TYPE II – Restoration fracture involving a small tooth portion.
� TYPE III – Fracture involving more than half of tooth, without
periodontal involvement; and

� TYPE IV – Fracture with periodontal involvement.

Fracture modes I–III represented restorable, but mode IV – Not
restorable situations.

2.1. Statistical analysis

A null hypothesis was proposed that there is no significant
difference in the fracture resistance of the three groups,that is,
m1 = m2 = m3. Along with alternate hypothesis, it was stated that
there is a significant difference in the fracture resistance of the
three groups, that is, m1 6¼ m2 6¼ m3. A level of significance of
a = 0.05 had been put. To compare the fracture resistance of the
three groups, analysis of variance (ANOVA) is used. A p-value is
compared with the level of significance. If p < 0.05, alternate
hypothesis is considered and concluded that there is a significant
difference in the fracture resistance of the groups. Otherwise, the
null hypothesis is accepted.

If there is a significant difference between the groups, pair wise
comparisons (post hoc tests) using Tukey’s test are performed.

The clinical parameters were assessed and analyzed by using a
computer program statistics (SPSS Version 10.0; SPS Inc., Chicago,
IL). Moreover, data were analyzed using mean standard deviation
and Exact Binomial test.



Fig.1. Mean resistance of each filling material expressed as percentage of resistance
of control.

Fig. 2. Number of restorable and non-restorable samples in each group.
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3. Results

The group wise mean fractural resistance along with standard
deviation (SD) and Range are shown in (Table 1). The mean
resistance for control group was found maximum (1381.07 N),
while group with only MOD cavity showed the least mean
resistance (492.92 N). Amongst the restored groups, ceramic inlay
showed maximum resistance (1324.74 N), followed by ORMOCER
(1082.27N) while composite restoration indicated minimum
(778.35 N). The range for ORMOCER group was maximum amongst
all groups (770.28–2061.92 N).

The results revealed that amongst the restored tooth the
highest fracture resistance was achieved in Group V
(1324.74 � 336.78) almost comparable to that of the fracture
resistance of a natural tooth (1381.07 � 259.36) (p < 0.05) followed
by Group IV (MOD cavities with ORMOCER restorations)
(1082.27 � 351.27) (p < 0.01) and least fracture resistance in Group
III (MOD cavities with composite restorations) (778.35 �100.25)
(p < 0.0001) (Table 2). The mean resistance of each group was used
to obtain percent resistance of each group with reference to control
group. In case of restored group it was 56%, 78% and 96% in
composite, ORMOCER and ceramic groups respectively (Fig. 1).

The other parameter observed was the mode of fracture. It was
found that mode of fracture in Group IV and Group V are almost
similar with 50% teeth showing restorable fracture mode. In Group
III it was observed that 65% of the cases showed fracture involving
the periodontium i.e. non restorable fractures and only 45% of the
fracture were restorable (Fig. 2).

4. Discussion

The main aim of this study is to evaluate the fracture resistance
of different restorations in order to determine the durability and
their use as posterior aesthetic restorative material.

Goal of restorative dentistry is to restore teeth in their form,
function and aesthetic so as to achieve favorable stomatognathic
environment. For many years amalgam is one of the most popular
restorative materials. It is a well documented fact that by restoring
a tooth with amalgam one cannot increase the fracture resistance
of prepared tooth.24 The shortcomings of amalgam restorations
mainly aesthetics have motivated the clinicians to search for better
material formulations which mask the undesirable effects and
fulfill the need of better aesthetic posterior restoration.

The results of this study confirm the alternate hypothesis that
there is a significant difference exist between the group III, IV, and
group V in terms of fracture resistance (p < 0.05) i.e. group V
shows maximum fracture resistance (1324.74 � 336.78 N) fol-
lowed by ORMOCER group (IV) (1082.27 � 351.27 N) and least
Table 2
p-value for difference comparisons.

Group comparison 

Group I Intact tooth negative Control – GROUP II MOD Cavities positive control 

Group I Intact tooth negative Control – GROUP III Composite Restorations 

Group I Intact tooth negative Control – GROUP IV ORMOCER 

Group I Intact tooth negative Control – GROUP V Ceramic inlay 

GROUP II MOD Cavities positive control – GROUP III Composite Restorations 

GROUP II MOD Cavities positive control – GROUP IV ORMOCER restorations 

GROUP II MOD Cavities positive control – GROUP V Ceramic Inlay 

GROUP III Composite Restorations – GROUP IV ORMOCER restorations 

GROUP III Composite Restorations – Ceramic inlays 

GROUP IV ORMOCER restorations – GROUP V Ceramic 

HS: Highly significant (p < 0.0001); S: Significant (p < 0.01); NS: Not significant (p > 0.0
fracture resistance in group III (778.35 �100.25 N) (composite
group).

Hundred maxillary premolars were selected for the study as
their anatomy favors cusp deflection and fracture under mastica-
tory stresses25 and for the standardization. The samples were
stored in phosphate-buffered saline not more than 12 weeks;
Phosphate-buffered saline shows the best compatibility in
maintaining the hydration of the extracted teeth.26

Creating the oral environment in an in vitro study is important
as it gives clinical relevance to the study. It is reported that well
supported natural tooth can sustain masticatory load up to 725 N
and this load exceeded maximal biting forces in some overloading
situations for example bruxism or traumatic occlusion.27 Alveolar
bone support and the periodontal ligament are important for the
mechanisms of stress distribution in natural teeth. This shock
absorbing property of supporting tissue appears to be decisive
factor in increasing the fracture resistance. Various materials are
suggested for the simulation of bone for root embedment which
vary from: acrylic resin, die stone or even polystyrene resin.28 In
our study, clear cold cure acrylic resin was used for embedment of
root 2 mm below cemento-enamel junction as it fulfills the
requirement of alternative to bone as well as to have a clear vision
Adjusted
p-value

Significance

0.0000 HS
0.0000 HS
0.0031 S
0.9562 NS
0.0074 S
0.0000 HS
0.0000 HS
0.0018 S
0.0000 HS
0.0271 S

5).
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to study fractures. In our study PDL was mimicked using light body
elastomeric impression material. As this material is able to
undergo elastic deformation and reproduce the PDL to accommo-
date the tooth in the alveolus and provide the non concentration of
stresses in the cervical region of the tooth.29

The design of the cavity, width and depth plays a significant role
in increasing and decreasing the fracture resistance of the tooth.30

To standardise and reduce the error all the MOD cavities in Group
II, III, IV and V were made with 1/3rd of intercuspal distance. A 5�

taper was decided and adhered in all cavities of group V and also in
group II, III, and IV to standardise the cavities as 5-� taper were
significantly more fracture resistant.31 To measure the angle of
divergence of the cavities they were subjected to AutoCAD (2012)
software.

Proper selection of restorative material results in highly
aesthetic and long-lasting restorations. Various composite for-
mulations have been tried in the past with varying degree of
success. Nanohybrid composite resin was used to restore group III
as the newer combination which contains nanohybrid fillers with
the prepolymer technology provides the composites with lower
shrinkage values.32 It is reported that nanohybrid composite resins
features outstanding optical and mechanical properties.33–35

ORMOCER (organically modified ceramic) a new packable
restorative material which was introduced, as an attempt to
overcome some limitations and concerns associated with the
traditional composites. ORMOCER materials contain inorganic-
organic copolymers in addition to the inorganic silanated filler
particles & synthesized through a solution and gelation processes
(sol-gel process) from multifunctional urethane and thioether
(meth) acrylate alkoxysilanes. ORMOCERS are described as three
dimensionally cross-linked copolymers. The abundance of poly-
merization opportunities in these materials allows ORMOCERS to
cure without leaving a residual monomer, thus having greater
biocompatibility with the tissues.36 ORMOCER also focuses on
overcoming the problems created by the polymerization shrinkage
of conventional composites because its coefficient of thermal
expansion is very similar to natural tooth structure. As ORMOCER is
not much evaluated as posterior restorative material it was
selected as one of the materials Samples of Group IV were restored
with ORMOCER restorations for the current study.

It was observed that the light cured posterior composites placed
in oblique increments helped to match the strength of remaining
tooth structure.37 Hence in our study 1 mm (approx) increments of
composite resin were placed in oblique manner and were light
cured using LED lights for 40 s with soft start protocol with low
irradiance and give effective polymerization. This not only helps to
reduce heating of composite during curing but possibly permits
the flow necessary to minimize the effects of polymerization
shrinkage.38

With the introduction of improved ceramic formulations, new
bonding procedures and new resin cements has led to an increase
in their use. The IPS-Empress system was developed in 1983.39 It
contains lithium disilicate glass ceramics which posses the
property of thermal expansion mismatch between lithium
disilicate crystals and glassy matrix which results in tangential
compressive stresses around the crystals leading to crack
deflection and strength increase.40 Group V MOD cavities were
restored with IPS empress II ceramic inlays using the dual cure
resin as conventional etch-and-rinse systems with dual-cured
resin composites have been reported to be the gold standard for
luting.41

Another important parameter in an in vitro study is artificial
aging of tooth sample by thermocycling. In one of the study it was
found that maxillary premolars with ceramic MOD inlays without
thermocycling reached fracture toughness similar to intact teeth,
however, the group that were thermocycled had decreased
fracture resistance, by weakening the adhesive bond between
restoration and tooth.42 Therefore in our in vitro study thermo-
cycling was not done since it was postulated that it might affect
adhesive bond leading to failures.27

All the samples were subjected to Instron Universal Testing
Machine using cylinder as a plunger. A sphere plunger was not
used as a plunger because it does not adapt to the anatomy of a
premolar and it just contacted the tooth surface but not the
restorations during loading which may affect the overall fracture
resistance of teeth.23,27,42

In current vitro study, the control Group I had a mean fracture
resistance value in universal testing machine of 1381.07 kN, which
was in accordance to the other studies.27,43 In group II (MOD
cavities without restorations) the mean fracture resistance value
recorded was 492.92 N and over all range of fracture resistance was
356.72–692.86 N. The fracture resistance was of 36% to that of
group I (intact tooth) which is less as compared to other studies.44

This could be attributed to fact that the cavity was maintained with
a 5 � taper; which may have resulted in removal of more tooth
structure and subsequent less tooth resistance. Comparison
amongst the restored groups, Ceramic inlay (Group V) showed
maximum mean fracture resistance while (1324.74 N�) while
Composite restoration (Group III) indicated minimum fracture
resistance (778.35N). In ORMOCER restorations (group IV) the
mean fracture resistance recorded was 1082.27N. These results
show statistically highly significant difference between group III of
composite restoration and group V ceramic inlays (p < 0.0001). The
results were statistically significant in case of group IV ORMOCER
restorations and group V ceramic inlays (p < 0.01); it suggests that
ORMOCER stands better than composite restorations and compa-
rable to ceramic inlay restorations. The mean resistance of each
group was used to obtain percent resistance of each group with
reference to control group. In case of restored group it was 56%, 78%
and 96% in composite, ORMOCER and ceramic groups respectively.
The results of the study were in accordance to other study 27 for
group of composite and ceramic inlay.

Fracture modes were recorded and observed by operator and a
volunteer, based on the degree of tooth structure and restoration
damage, using a modified classification system proposed by Burke
et al.23 Fracture patterns in our study tended to involve
restorations and cusps fractures.44,45 However, there were 20%
of Group V ceramic inlay samples in which the restorations
fractured but not the tooth that was also reported by other study.29

This is probably due to ceramic material being more brittle in
nature and it has high elastic modulus and tends to concentrate
stresses inside the body of restoration.

Group V showed type I fracture 20% (Isolated fracture of
restoration) type II fracture in 10% samples (Restoration fracture
involving a small tooth portion), type III fracture in 20% samples
(fracture involving more than half of tooth, without periodontal
involvement) and type IV fracture in 50% samples (fracture with
periodontal involvement). These results shows that restorable
fractures in Group V restorations were overall 50% and non
restorable fracture were similar to that of natural tooth .These
results are in accordance to the studies.43,45

In our study composite group fractured only as type II fracture
in 5% samples (Restoration fracture involving a small tooth
portion), type III fracture in 30% samples (fracture involving more
than half of tooth, without periodontal involvement) it can be
explained by the elastic modulus of composite being similar to the
tooth and having good bond strength43 and type IV fracture in 65%
samples (fracture with periodontal involvement) or non restorable
fracture may be due poor mechanical properties of these resins.

The percentage of fracture i.e. type II fracture was 10%
(Restoration fracture involving a small tooth portion), type III
fracture 40% (fracture involving more than half of tooth, without
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periodontal involvement) and type IV fracture 50% (fracture with
periodontal involvement) was

much less than that of composite. The percentage of mode of
fracture was comparable to that of ceramic. This could be explained
on the basis of fact that ORMOCER is basically organically modified
ceramic with poly-condensed organic – inorganic network. This
new class of material Ormocer combines the surface properties of
the silicones, the toughness of the organic polymers and the
hardness and thermal stability of ceramics36 ORMOCER formula-
tion allows for a wide range of modification of mechanical
parameters.9 Thus Ormocer acts superior to a nanohybrid
composite and comparable to that of ceramic inlays.

5. Conclusion

Considering all the factors it can be mentioned that ORMOCER
which is organically modified ceramic is a good aesthetic material
with promising use as a posterior restorative material to enhance
the fracture resistance of tooth as compared to Nanohybrid
composite. However further studies should be undertaken to
evaluate their clinical performance before it can be advocated as a
aesthetic posterior restorative material.
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