SOUDMJ 2025 ; 1(1) :63-57
SUE ORAL & DENTAL MEDICINE JOURNAL

EVALUATION OF MICRO-TENSILE BOND STRENGTH OF BULK-FILL VERSUS
NANOHYBRID COMPOSITE TO DENTIN

B Heba Hassan?, Mariam Elshennawy®, Marwa Mahmoud Abdel Latif ¢
@ Assistant Lecturer, Department of Restorative Dentistry, Faculty Of Dentistry, AlSalarm University, Egypt
b Demonstrartor, Department of Restorative Dentistry, Faculty Of Dentistry, AlISalam University, Egypt
cl ecturer of Dental Biomaterials, Faculty Of Dentistry, AlISalam University, Egypt

ABSTRACT:

Purpose:to investigate the effect of placement technique whether it’s bulk-fill or incremental on the microtensile bond
strength(uTBS)of composite resins to dentin.

Materials&Methods:32 molars were divided into two groups(n=16)according to the type of composite used. Group A
Tetric N-Ceram nano-hybrid incremental composite was used and Group B where Tetric EvoCeram bulk fill compos-
ite was used.

Then the teeth were sectioned into micro-bars and mounted in a universal testing machine and stressed until failure.
Micro-tensile bond strength was expressed in MPa. The fractured surfaces were then examined using stereomicro-
scope to determine the mode of failure and representative specimens of each group were examined using Scanning
electron microscope.

Results:Simple T-test was used (P<0.05) and reported no significant difference between the two groups.

Clinical significance: Under the present situation of this study, it was recorded that Bulk-fill composite serves as an
excellent substitute for incremental composite with no significant effect on the micro-tensile bond strength to dentin.
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INTRODUCTION

With the increasing emphasis on aesthetics and ad-

vancements in bonding techniques, composite materials
have become a popular choice for restoring both anterior
and posterior teeth. While composites offer numerous ad-
vantages, their use also comes with certain limitations.
These include the potential risk of allergic reactions,
higher wear rates compared to metallic restorations,
susceptibility to color changes over time, and challeng-
es for dentists in handling and applying the material ef-
fectively.[1] Even today, one of the major disadvantages
of composite materials is polymerization shrinkage and
the associated stresses. This shrinkage can lead to the
failure of the bond between the composite and the tooth,
resulting in interfacial gaps, microleakage, marginal dis-
coloration, and secondary caries. Additionally, the con-
traction stresses generated during polymerization can

be transferred to the tooth structure, causing deforma-

tion, post-operative sensitivity, and potentially widening
pre-existing enamel micro-cracks.[2,3] For years, the in-
cremental technique has been widely used to prevent the
formation of gaps caused by polymerization stress and to
ensure strong adhesion between the composite material
and the tooth structure. However, in recent times, bulk-fill
composites have been introduced to simplify and speed
up the restorative process while reducing costs. [4,5]
Bulk-fill composites are designed to be applied
in increments of 4 to 6 mm, with manufacturers
claiming that these materials adapt well to cavi-
ty walls and help minimize cuspal deflection. [6-8]
Several studies have explored the application of cav-
ity restoration techniques using bulk-fill compos-
ites in deep and narrow cavities. However, the find-
ings have been inconsistent due to differences in
composite materials, to its versatility and consistency in

in vitro studies. [13] However, this testing method is both
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time-intensive and technically challenging, demanding
meticulous attention during the preparation and handling
of specimens. Therefore, this study aims to examine the
impact of placement techniques on the micro-tensile
bond strength (UTBS) of various composite materials. [14]

The method used for placing restorations plays a crucial

role in managing shrinkage stress. Certain restorative

techniques can help minimize the stress caused by con- (Fig.2) The molar embedded in the acrylic resin il
strained shrinkage. However, there is still no definitive  its cemento-enamel junction using the metallic mold
consensus on the most effective technique for reducing
shrinkage stress. To mitigate this issue, it is generally rec-
ommended to apply composite material in layers rather
than using a bulk-fill approach. [12] So, the aim of this
study was to investigate the effect of placement tech-
nique whether it’s bulk-fill or incremental on the microten-
sile bond strength (UTBS) of composite resins to dentin.
Materials and Methods:

1. Teeth Selection

Thirty-two freshly extracted, sound human molars from

patients aged 40-55 years were used. Teeth were col- (Fig.3) INSTRON Universal testing machine

lected after obtaining patient consent. They were exam-

ined at 5x magnification to exclude structural defects.[15] Results:

Teeth were cleaned of debris and calculus using per-  \icrotensile Bond Strength (LTBS)

idontal scaler , washed then stored in distiled wa-  Data were statistically analyzed at a 95% sig-
ter (changed daily), and used within one month.[16]  nificance level, with results expressed as
Each tooth was mounted in self-cure acrylic res- mean + standard deviation (SD) (Table |II, IlI).

in up to the cemento-enamel junction (CEJ) us- « No statistical difference between Groups A vs. B (P
ing a pre-fabricated metallic mold (Fig.1,2), en- =0.772).
suring standardization (19 mm height, 14 mm <« Mode of Failure
diameter). Vaseline was applied to prevent sticking. . Pre-test failures (ptf's) were 0% in Groups A & B
. Failure mode analysis was conducted using a stereo-
microscope (50x magnification) (Fig. 4), (Table 1V).
+  SEM Examination
Scanning electron microscopy (SEM) confirmed
failure modes observed under the stereomicro-

scope. Representative SEM images (Fig. 5) il-

lustrate fracture patterns at 50x magnification.

(Fig.1) Components of the split metalli mold (right)
with attached specially made spli teflon mold (left)
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(Fig.5) Representative Fractured surface from group
A showing cohesive failure in composite (SEM)

Table I: showing the groups and subgroups of the
study.

Group A Group B

Placement
technique

Group using Tetric | Group using Evo-
N-Ceram n no-hy- | Ceram Bulk-Fill
brid incremental composite
composite

Table Il: showing the mean and standard deviation
of the microtensile bond strength of the groups.

Group A Group B

Range 3.253 - 42.373 4.003 - 38.417

Mean +SD 22.813 +9.363 21.821 £ 10.709
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Table Ill: showing a comparison between the
microtensile bond strength (MPa) of Group A and
Group B using simple T-test:

v | GrOUpS T-Test
Group A Group B t P-value
Range | 3.253 | - 3.253 | 4.003 |- | 38.417 | -0.291 0.772

Mean 19.763
+SD

+

8.891 | 20.326 | + | 9.465

Table IV: showing the frequency of each failure
mode in the different test groups.

Adhesive | Cohesive Mixed failure
failure failure
A 73.34% 23.34% 3.34%
B 68.34% 26.67% 6.67%
Discussion:

This in-vitro study aimed to examine how different place-
ment techniques affect the microtensile bond strength
(UTBS) of two composite types (Tetric N-Ceram Na-
no-hybrid incremental composite and Tetric EvoCeram
Bulk-Fill composite) when bonded to dentin using thes-
ame one-step universal adhesive (Tetric N-Bond Univer-
sal Adhesive) in self-etch mode. Although clinical trials
are the most reliable method for evaluating den tal res-
torations, they cannot precisely identify the exact cause
of failure due to the combined effects of various stresses
acting on restorations in the challenging oral environment.
Since this study specifically focused on assessing the im-
pact of placement technique on PTBS, it was necessary
to control for adhesive type aschol-based system, where
alcohol facilitates penetration into the collapsed collagen
network, ultimately leading to an increase in microtensile
bond strength.[17] the sol uble phase, forming resin glob-
ules in water, which could compromise bond strength.
Additionally, when deeper cavities are prepared, both the
cavity configuration and dentin depth can further reduce
bond strength at the cavity floor.[24] The Bulk-fill com-

posite demonstrated microtensile bond strength (UTBS)
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values that were comparable to or even higher than those
of the nano-hybrid incremental composite. This finding
aligns with the study by Karatas et al., which conclud-
ed that bulk-fill flowable composites exhibit higher uTBS
values compared to methacrylate-based flowable com-
posites at a 4-mm thickness. The researchers attributed
this to the unique monomer composition, surface ener-
gy, and wettability characteristics of bulk-fill compos-
ites, which surpass those of other composite materials.
The uTBS

TetricEvoCeram Bulk-fill composite can be linked to its

elevated values observed in
composition. According to the manufacturer, in addition to
the standard camphorquinone/amine (CQ) initiator system,
this composite contains an “initiator booster” known as
Ivocerin. This germanium-based initiator has a similar ab-
sorption spectrum to CQ but exhibits greater photo-curing
efficiency due toits enhanced absorption of visible light.[25]
Although a strong correlation typically exists between fill-
er content and the modulus of elasticity in resin-based
composites (RBCs), TetricEvoCeram Bulk-fill deviates
from this pattern. Despite having a high filler content, it
exhibits only low to moderate elastic modulus values.
This is partly because the composite includes pre-po-
lymerized fillers (PPF) up to 50 pm in size, which con-
sist of inorganic fillers such as barium glass and silica
embedded in a pre-polymerized organic matrix. These
PPFs are counted within the total filler content (which is
80% by weight, including 17% pre-polymers), meaning
the proportion of inorganic fillers that contribute to in-
creasing the modulus of elasticity is effectively lower.[26]
A key feature of this composite is a patented filler that has
been partially functionalized by silanes, acting as a shrink-
age stress reliever. During polymerization, monomer
chains attached to these fillers cross-link with the silanes,
generating internal forces that impact the cavity walls. The
shrinkage stress is influenced by both volumetric shrink-
age and the composite’s modulus of elasticity. Because
TetricEvoCeram Bulk-fill has a low elastic modulus (10
GPa), its shrinkage stress reliever functions similarly to a

spring, expanding slightly as the forces between the fillers
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increase. In contrast, standard glassfillers in the composite
have a significantly higher elastic modulus of 71 GPa.[27]
Moreover, the fillers in TetricEvoCeram Bulk-fill are
more spherical in shape, which has been shown to im-
prove translucency. This allows better light penetration
into the deeper layers of the composite, promoting suffi-
cient polymerization and enhancing its mechanical prop-
erties, including bond strength to tooth structures.[28]
the other hand,

targeted

Tetric N-Ceram, on incorporates

nanotechnology. It contains “‘nano addi-
tives,” such as a rheological modifier, which plays
a crucial role in determining the material’'s viscos-
ity and workability, ensuring ease of application.
Tetric EvoCeram Bulk-fill shares many properties with its
conventional counterpart from the same manufacturer,
with an elastic modulus of approximately 6—7 GPa this
can explain why the insignificant differences between

the PUTBS values of the two composite types. [26-28]

Conclusion
Within the constraints of this study, the findings in-

dicate that Bulk-fil composite serves as an ex-
cellent  substitute  for  incremental composite.
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