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Abstract

To compare the effect of direct and indirect restorative techniques, applied bevel, and aging on the fracture
resistance of composite restorations bonded to sectioned maxillary incisal edges.

Incisal thirds of 80 human maxillary incisors were sectioned. Specimens were divided into four groups of 20
teeth each. Groups formed were as followed: Direct composite with bevel and without bevel (Kuraray
Clearfil™ Tri-S Bond Universal/3M™ ESPE Valux Plus Restorative System); Indirect compositewith bevel and
without bevel (prepolymerized 3M™ ESPE Valux Plus cemented with Kuraray Clearfil™ Tri-S Bond
Universal/3M™ ESPE™ RelyX™ ARC). Ten teeth fromeach group were stored in artificial saliva for 24hrs.
The remaining ten teeth were stored in artificial saliva for 120 days. The specimens were subjected to shear
testing using the universal testing machine. Fractured specimens were examined with a stereomicroscope at
x25 magnification to evaluate the failure patterns. The obtained data were statistically analyzed by using
ANOVA, Bonferroni test, and Student’s t-test.

Beveled restorations exhibited higher fracture resistance values than nonbeveled restorations. Long-term medium
storage decreased the fracture resistance.

Conclusion : Improved fracture resistance of composite restorations and reduced the impactof aging was
concluded on maneuvering use of bevels.

Keywords: Adhesive system, composite resins, polymerization shrinkage, shear bond strength, direct and
indirect restoration.
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INTRODUCTION remained the most researched and still evolving
tooth coloured restorative material present in
every clinician’s clinic. And so has remained as one

Since introduced into the dental world in 1960s by
Dr. Rafael Bowen, dental composites have
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of the most intriguing subject of discussion among
researchers and clinicians for its physical and
chemical properties and different outlines and
cavity designs of tooth preparation, including
beveling of prepared tooth’s cavosurface margins
for composite restoration. Composite resins allow
functional and esthetic restoration of anterior
teeth fractured or lost due to dental trauma,
caries or any other diseases.

The use of cavosurface bevels traditionally has
been recommended to enhance the retention and
improve aesthetics of anterior composite
restorations. As within the aesthetic zone bevels
will improve tooth shade matching (blending
effect) and achieve more adhesive surface area in

enamel for the sake of bonding.[l] According to
the studies done by Meurer et al. too cavity
preparation with beveled cavosurface margins
demonstrated increased angles and exposed
enamel rods resulting in stronger bonding with
composite restoration, but only on the buccal
aspect of the preparation. This study hence gave
a second conclusion about beveling in lingual
aspect of prepared tooth showing no increase in

angles of exposed enamel rods.[2]

Although another community of authors believe
beveling cavosurfaces as a lesser conservative
approach, and a unneeded sacrifice of tooth
structure. According to Soliman et al
overextention of preparation with bevel further
thins the enamel over margins and may rather
qualitatively impact the restoration

negatively. [3]

And there we end up having no high-quality
evidence from literature reviews since literature
is rather more subjective than being objective.
Therefore questions about tooth preparation
designs, different composite restorative
techniques (direct and indirect) along with
uncountable internal and external factors
realizing their effects on various characteristics
of the material in addition to it's physical and
chemical properties stays.

However, recent studies have suggested that due
to improvements in materials and techniques it is
possible to overcome problems related to retention

without placing a bevel.[4:5] Long-term success of
anterior composite restoration depends upon a
durable bond between dentinand composite resin.
Marginal leakage, hydrolysis, and polymerization
shrinkage are the important factors that can

contribute to dentin adhesion breakdown,

especially with aging.[6'7] Thus this study aimed
to evaluate and answer few of the questions on
board concerning the influence of restorative
technique, bevel placement and aging on the
fracture resistance of direct and indirect composite
restorations bonded to sectioned incisal edges.

MATERIALS AND METHODS
INCLUSION CRITERIA:

Intact freshly extracted eighty human maxillary
incisors without dental caries, non-attrited
extracted for periodontal reasons were included
in this study.

EXCLUSION CRITERIA:

Teeth  with  caries, fractures, coronal
developmental anomaly, and attrition were
excluded.

The surfaces of teeth were cleaned with ultrasonic
scalers to remove calculus and remnants of
periodontal ligament and were immediately stored
in artificial saliva until used and throughout the
experimental procedure. Specimens were equally
divided into four different experimental groups
(sample size = 20 teeth per group).

1. Group A: Direct restoration

without bevel

composite

2. Group B: Direct composite restoration with
bevel

3. Group C: Indirect composite restoration
without bevel

4. Group D: Indirect composite restoration with
bevel

Approximately 3mm of the incisal third of the teeth
weresectioned using a diamond cutting disk (Frank
Dental). A cavosurface bevel 1mm wide was
prepared circumferentially with a flame-shaped
diamond point (Dentsply Maillefer, Ballaiguess,
Switzerland) for 40 teeth. Roots of all prepared
teeth were embedded in auto polymerizing
acrylic resin (DPI) up to the cementoenamel
junction. Of the 40 beveled specimens, 20 were
restored with direct composite restoration, and
20 with an indirect composite restoration.

Similar procedures were carried out on 40
nonbeveled specimens.
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Direct Composite restoration procedure

Enamel and dentin were etched with an etchant
(N-Etch IVOCLAR)for 15sec. The adhesive (Kuraray
Clearfil™ Tri-S Bond Universal) was applied
according to the manufacturer’s instructions and
cured. The incisal edge was restored with
increments of composite resin (3M™ ESPE Valux
Plus). Each increment was light-cured for 40 sec.
after all the exposed surfaces were covered
DeOx viscous glycerine-based gel (ULTRADENT)
to prevent oxygen inhibiting layer formation.
Excess DeOx solution was washed off. Then all
restorations were polished with Astropol
polishing discs (IVOCLAR Vivadent).

Indirect Composite restoration procedure

KY Jelly (Johnson and Johnson) was applied on
the sectioned incisal edge that acted as a
separating medium. The composite resin (3M™
ESPE Valux Plus) was applied in increments and
cured after all the exposed surfaces were covered
with  DeOx viscous glycerine-based gel
(ULTRADENT). Excess DeOx solution was
removed with water. Then the restorations were
removed and the internal surface of the
composite restoration was sandblasted using 50
um Al,03 to improve retention. Enamel and dentin
were etched with an etchant (N-Etch IVOLCLAR)
for 15 sec. The adhesive (Kuraray Clearfil™ Tri-S
Bond Universal) was applied according to the
manufacturer's instructions and cured. Resin
cement (3M™ ESPE™ RelyX™ ARC) was mixed
and applied to the sectioned incisal edge
according to the manufacturer's instructions. The
restoration was positioned and held in place with
digital pressure and light-cured for 40 sec at all
margins. All restorations were polished with
Astropol polishing discs (IVOCLAR Vivadent).

Ten teeth from each group were stored in
artificial saliva for 24 hrs and tested for fracture
resistance. The remaining teeth were stored in
artificial saliva for 120 days with thermocycling
treatments at 37°C at 100% humidity in an
incubator. Fracture resistance of the specimens
was tested in a Universal Testing Machine using
a shear device with a crosshead at speed of 0.5
mm/min. Fractured specimens were examined
under a stereomicroscope at x25 magnification
to evaluate the failure patterns.

The obtained data were then statistically
analyzed by using ANOVA, Bonferroni test, and
Student’s t-test.

RESULTS

Results for the bond strength were arranged in
Table 1 and shown in Figure 1. Tests showed that
after 24 hrs of artificial saliva storage directly
restored beveled composite restorations (Group B)
were recorded with the highest shear bond
strength, which was 348.50N. The lowest mean
shear bond strength was gauged for indirectly
restored nonbeveled composite restorations
(Group C), which was 141.67N. ANOVA showed
that directly and indirectly restored beveled
composite restorations exhibited significantly
higher fracture resistance compared to
nonbeveled composite restorations [Figurel].

After 120 days of artificial saliva storage directly
restored beveled composite restorations (Group
B) recorded the highest shear bond strength,
numerically which was noted as 252.60N.
Whereas, the lowest mean shear bond strength
was jotted for indirectly nonbeveled composite
restorations (Group C), which was noted as
101.28N. On comparing mean shear bond strengths
it was seen that directly and indirectly restored
and beveled composite restorations exhibited
significantly higher fracture resistance than
nonbeveled composite restorations [Figure 1].

Another set of observations and evaluations
made among all the created four groups ie. an
intergroup comparison between directly and
indirectly restored composite restorations at
evaluation periods of 24hrs and 120 days
respectively also showed alike results. After 4
months of artificial saliva storage shear, bond
strengths were significantly decreased for all the
groups [Figure 1].

Tests showed that after 24 hrs of artificial saliva
storage more mixed failures occurred in directly
and indirectly restored beveled composite
restorations in comparison to nonbeveled
composite restorations [Table 2]. After 120 days of
artificial saliva storage, more mixed failures
occurred in direct and indirectbeveled composite
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restorations. More adhesive failures occurred in
directly and indirectly restored nonbeveled
composite restorations [Table 2]. After 120 days of
artificial saliva storage, there was a 40% increase in
adhesive failures in directly restored nonbeveled
specimens and a 30% increase in adhesive failures
in indirectly restorednonbeveled specimens.

DISCUSSION

Anterior tooth restorations are more challenging
in the practice of esthetic dentistry. The search
for an ideal esthetic material for restoring

anterior teeth has resulted in significant
improvements in esthetic materials and
techniques. Composite resins and acid-etch
techniques represent two major advances in
contemporary restorative dentistry. They have
changed the traditional concepts of restorative
dentistry and made several new treatment
options  possible.  Such  restorations are
accomplished with minimal loss of tooth structure,
relatively short operating time, and modest
expense to patients compared to esthetic porcelain
crowns and veneers.

Mean SBS (MPa) in the groups
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Figure 1: An intergroup comparison of mean SBS

Researchers have varied the preparation designs to attain optimally durable retention for anterior

composite restorations.[8-10] Currently, most clinicians prefer to either only remove unsupported enamel or

prepare a bevel in the enamel.[4]

Table 1: Mean SBS (N) recorded in each group at thetwo time intervals

Groups Time interval Mean SD
A 24h 155.74 21.53
120 days 105.88 16.89
B 24h 348.50 37.47
120 days 252.60 22.99
C 24h 141.67 21.86
120 days 101.28 16.75
D 24h 336.61 37.21
120 days 243.77 30.54
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Table 2: Failure patterns in groups at 24 h and 120 days
Groups 24 h 120 days Total
Adhesive Cohesive Mixed Adhesive Cohesive Mixed
A 2 1 7 6 0 4 20
B 0 1 8 1 0 10 20
C 4 0 6 7 0 3 20
D 0 2 8 1 0 9 20

Beveled direct and indirect composite
restorations were observed to exhibit higher
fracture resistance than nonbeveled restorations
in this ex-vivo study. The difference was
statistically significant during evaluation
periods of 24 h and 120 daysof artificial saliva
storage. Previous studies have shown better
results with beveled restorations than with

nonbeveled restorations.[111] Loguercio et al
observed that bevel placement provides the
restoration of fracture resistance similar to that of

the intact teeth.[12] The bevel preparation has
been commonly used for its superior esthetics
and retention compared to the butt joint margin.
Preparation of a cavosurface bevel improves
esthetics by masking the transition between
tooth and composite. Some studies have
reported that the use of a bevel in the
preparation margin has decreased microleakage
by better marginal sealing of composite

restoration.[13]

Indirect resins for restorations clinically are
used because of their improved physical
properties such as hardness, wear resistance,
compressive strength, flexural strength, and
reduced water sorption-like advantageous
properties. In  addition, the effects of
polymerization shrinkage are also reduced.

For indirect restorations, the technique employed
in our study is a semidirect technique using direct
composite resins.In our study, it was observed that
there was no significant difference between direct
and indirect restoration for both the evaluation
durations. These results are similar to those found

by Coelho-De-Souza et al,l1] who observed similar
fracture resistance values for both restorative
techniques. Our result shows that the semidirect
technique can be used for the restoration of
anterior teeth. Hence, 3M™ ESPE Valux Plus can
be used for semidirect restorations. Clinicians
usually prefer indirect techniques over direct
techniques to minimize the adverse effects of
polymerization shrinkage of composite resin along
with having some additional advantages over direct
techniques. Indirect technique excels when we
need better control over marginal adaptation,
proximal contact areas, and sculpting anatomic
form compared to direct composite resin
restorations.

The simulation of aging was executed in this study
using artificial saliva storage and two

thermocycling treatments[16,17] along with
incubating the specimens under a human oral
environment like conditions. Such long-term
storage of 4 months and two thermocycling
treatments decreased the fracture resistance
values in all the groups. It is of importance to
notice that the occurrence of adhesive failures
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has increased after long-term artificial saliva
storage. The results of our study support the
observations of a previous study by Armstrong et

all7] He observed that long-term water storage
decreases dentin bond strength due to hydrolytic
degradation of the adhesive joint. Beveled direct
and indirect composite restorations exhibited
higher fracture resistance compared to
nonbeveled specimens even after aging.

In this laid out experimental study more mixed
failures were observed at both theevaluation times
in beveled restorations. Whereas, more adhesive
failures occurred in nonbeveled specimens after 4
months of artificial saliva storage. The
prevalence of adhesive failures was noted to
have increased after long-term artificial saliva
storage. Thus, results indicate of aging decreases
dentin bond strength due to possible damage or
degradation of adhesive bonds in nonbeveled

specimens.[18] on the other hand, higher fracture
resistance values and occurrence of more mixed
failures indicated that beveled composite
restorations maintained good retention even after
4 months of long artificial saliva storage.

Hence, a study demonstrated that beveling
contributed significantly to fracture resistance
and reduced the impact of aging on composite
restoration and its bonding quality. Henceforth,
bevels should be recommended as the routine
procedure for clinicians whenrestoring the incisal
edge lost due to caries, trauma, or any of many
reasons. However, since the result obtained in the
present ex-vivo study does not exactly simulate
clinical conditions thus, Randomized clinical trials
are needed to evaluate different materials and
techniques for the composite restoration.

CONCLUSIONS

The use of bevels improved fracture resistance of
both direct and indirect composite restorations
used to restore the lost maxillary sectioned
incisal edge and bevels reduced the impact of

aging.

Long-term artificial saliva storage decreased the
fracture resistance values of both direct and
indirect composite restorations tested.

Indirect restorations had similar results to the
direct restoration technique in both evaluation
periods respectively.
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