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BULK-FILL RESIN COMPOSITES
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ABSTRACT

Objectives: This research was designed to evaluate the effect of polymerization shrinkage of different bulk-fill resin composites.

Materials & Methods: Ninety extracted molars were prepared as specimens by having a box shape proximal cavity for restoration

of composite resins. The specimens were divided for three main groups (n=30), according to the resin composite materials used

(sonic fill, flowable and packable bulk fill). Profile projector was used for assessment of polymerization shrinkage. Results: There

is no significant difference of variables. Sonic fill composite resin has lower polymerization shrinkage than flowable bulk fill

composite and packable bulk fill composite. Conclusions: success of composite depends mainly on the material polymerization

shrinkage as when the shrinkage decrease mostly the postoperative problems decrease.
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INTRODUCTION

The use of composite resins is widely used as a
direct esthetic restoration material. The polymeric
matrix contains a variety of high molecular weight,
mainly based on bis-GMA,ATEGDMA and glycidyl
methacrylate. Filler particles account for up to 86
per cent of the material’s weight and 71 per cent of
its volume, and the types used in composites include
quartz, borosilicate glass, and aluminosilicate
glass. The monomer matrix is extremely viscous.
Therefore, diluent monomers are added to improve
functionality and flowability. bis-GMA demonstrates
a higher mass than dysfunctional monomers such as
DEGMA or TEGDMA or, monomer systems, such
as aromatic urethane dimethacrylates, are used in
some composite resins instead of bis-GMA ! .

Inadequate adaptation at the tooth/restoration
interface, micro-cracking, post-operative sensitivity,

micro-leakage, and secondary caries have all been
linked to polymerization shrinkage stress. Changes
in material formulations and filling techniques,
aimed to minimize volumetric contraction and
shrinkage stress, have been the mainstreams for
reducing the development of residual stresses ©.

To decrease the effects of polymerization, shrink-
age enhances marginal adaptation, reduces marginal
leakage, decreases cuspal, makes the cusps more re-
sistant to subsequent fracture, and decreases post-
operative sensitivity, incremental placing technique
and bulk-fill technique were developed. However,
the theory that an incremental placement reduces
the stress effects of resin-based composite (RBCs)
is still debated. It is stated that incremental curing
neither eliminates the gingival contraction gap (mi-
cro-leakage) nor improves the marginal adaptation
of the restorations. The bulk-fill technique could
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allow the placement of larger increments of com-
posites in a single application. Over a relatively
short duration, many bulk-fill composites resin has
been used in increment depths between 4-5 mm.
Bulk-fill RBC restorative materials can be catego-
rized into high-viscosity or low-viscosity, light or
dual-cured ©¢®.

Concerning the polymerization initiation sys-
tem, major modifications have been done, giving a
new polymerization initiation booster called Ivocer-
in, which is described as an initiator system based
on Germanium of greater reactivity of absorption of
400 to 450 nm. As a result, the amount of filling
of these resins has been observed to be lower than
that of conventional microhybrid and nanohybrid
RBCs, with filling percentages comparable to flow-
able RBCs in volume but higher in weight ©10.

Sonic Fill is a high-viscosity bulk-fill resin RBC
that uses sonic vibration to become low-viscosity.
Because of the flowable properties caused by sonic
vibrations, the material may become very close
to the cavity walls. That material is made up of a
densely packed composite resin and modifiers
activated by sonic energy generated by a specially
designed handpiece - '». This study evaluates
the adaptation of sonic fill resin composite with
flowable and packable bulk-fill composite resin.

MATERIAL AND METHODS

A total number of 90 freshly extracted, intact
human molars were selected for this study. Class
II box type cavities were prepared on one proximal
surface of each tooth using straight fissure carbide
bur number 57 size 010(Brassler, USA) rotating at
high speed with air/water cooled handpiece (PANA
MAX,NSK, Japan) ¥, The dimensions of the cavity
were standardized at 4x 2 x 5 mm (buccolingual,
mesiodistal &occluso-gingival depth respectively).
A new bur was used every five cavity preparations
and dimensions of each cavity preparation were
checked using graduated periodontal probe.
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Application of Adhesive Systems:

The etchant gel applied for 15 seconds (The
etchant used is Scotch bond 3M ESPE). Then vig-
orously air-dried for removal of excess moisture.
Adper Single Bond 2 Adhesive (3M ESPE) was ap-
plied onto the cavity wall surfaces with a dispos-
able brush for 20 seconds in a scrubbing motion,
gentle airstream was used to spread the bond and
then light-cured for 10 seconds using LED light cur-
ing unit (LED Ivoclar Vivadent, Schaan, Liechten-
stein, Germany) with light intensity (500-800 Mw/
cm?2) according to the manufacturer instruction.
Standardized tofflemire matrix holder (Town broth-
ers Pvt., Pakistan) with No.l metal matrix band was
applied before resin composite packing to prevent
overhanging of the restorative material.

I. Application of resin composite materials:

1. Application of sonic fill composite: starting
from the bottom of the cavity until complete
filling of the cavity using SonicFill handpiece
(Kerr Corporation, Orange CA 92867, U.S.A).
the handpiece was used under air pressure be-
tween 30-50 psi (~2-3.4 Bar), The middle speed
for the application was used (where No.1 is the
slowest, No.5 is the fastest).

2. Application of flowable bulk-fill (SureFil ® SDR
Bulk-fill flowable composite, Dentsply).-was

placed in the deepest part of the preparation,
with the tip kept close to the surface. To avoid
the entrapment of air, the tip of the extruder is
raised above the dispensed material as the mate-
rial is extruded until the cavity is entirely filled.

3. Application of packable bulk-fill (Filtek Bulk-
fill packable composite 3M ESPE): filled in the
cavity as a one-part and condensed with the
composite applicator and well packed by ball
burnisher from the occlusal surface.

II. Light curing of the composite Restorations:
All restorations were cured of all surfaces for 20
seconds according to the manufacturer instruc-
tion with zero distance from each surface.
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III. Finishing procedure: As a final step, the
restorations finished using 15um grit compo-
shape finishing diamond stone (Intensiv,

Viganello-Lugano, Switzerland) then polished

using a Sof-Lex Finishing disc (3M ESPE,St.

Paul MN,USA).

The teeth were stored in tightly sealed labelled
containers with distilled water at room temperature
and it was changed every day. That was done for
the storage period of either 24 hours, 3 months and
6 months.

The profile projector (Mitutoyo PJ-A3000,
Japan. Designed in 2012) was used for measuring
the linear polymerization shrinkage. The measure
was taken before and after the application of the
restorative materials. Before measuring, indicators
(plastic indicators used to indicate the outline of
the cavity) were added to buccolingualy from the

proximal surface such that it can be seen inside the
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profile projector. The next step is measuring the
dimensions before application of the restorative
materials then measuring again after application of
the restorative materials.

For parametric data, a one-way ANOVA and
Tukey’s posthoc tests were used to compare polym-
erization shrinkage for three composite types. The
corresponding statistical significance was measured.

RESULTS

Polymerization shrinkage

Packable Bulk-fill resin composite demonstrated
the highest
(p<0.05). There was no statistically significant

mean polymerization shrinkage
difference between Sonic Fill and Flowable Bulk-
fill composites; both showed the lowest mean
polymerization shrinkage values, as displayed in
Table 1.

TABLE (1) Descriptive statistics and results of the one-way ANOVA test for three composite types

95% CI
Composite type Mean SD Median Minimum Maximum Lower Upper P-value
bound bound
Sonic Fill 6.7 0.5 7.0 6.0 7.0 6.4 7.0 <0.05%*
Flowable Bulk-fill 8.5 0.5 8.5 8.0 9.0 8.1 8.9 >0.05
Packable Bulk-fill 34.7 2.9 345 31.0 39.0 32.6 36.8 <0.001**
4 )
40 ® Upper bound
35 Chart Title = Lower bound
. . . . . olumnl
There was a statistically significant difference 0 "

between Sonic Fill and Flowable Bulk-fill compos- 25
20

ites; both showed the lowest mean polymerization
15

shrinkage values, while, packable composite show 10

lower values in (figure 1) > II II
0

SonicFill Flowable BF Packable BF
- J

FIG (1) Bar chart representing Descriptive statistics and results
of the one-way ANOVA test for three composite types
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DISCUSSION

Polymerization shrinkage is the commonest
cause of failure of direct posterior composite resto-
rations, occurring because a polymer network results
from the conversion of monomer molecules. This
reaction allows for the exchange of Van der Walls
spaces into covalent bond spaces, creating contrac-
tion stresses and microleakage “'®. The problems
of resin composite shrinkage usually solved using
the incremental placement technique. This is a sen-
sitive technique, so most clinicians used the bulk-
fill technique to decrease time. Most bulk-fill resin
strives a minimum 4 mm depth of cure. This was
accomplished by making the resin more responsive
to light activation. Utilizing stress-relieving tech-
nology and new photo-initiators diminish internal
stress by lowering polymerization shrinkage %%,

The profile projector was used for measuring
the linear polymerization shrinkage, which show
no significant difference between sonic fill and
packable bulk-fill while flowable bulk-fill resin
composite has a greater polymerization shrinkage.
The packable bulk-fill showed a polymerization
shrinkage value lower than SDR flowable bulk-fill,
which may be attributed to its Bis-GMA and Bis-
EMA containing molecule. Two aliphatic carbon
with double bonds and six aromatic double carbon
bonds minimize contraction due to the smaller
molecular weight of these monomers, while the
TEGDMA and the UDMA of flowable ones have
two aliphatic carbon double bonds **27.

Packable bulk-fill contains two novel methac-
rylate monomers that, in combination, act to lower
polymerization stress. One monomer, a high-mo-
lecular-weight aromatic urethane dimethacrylates
(AUDMA), decreases the number of reactive groups
in the resin. This helps to moderate the volumet-
ric shrinkage as well as the stiffness of the devel-
oping and final polymer matrix, both of which
contribute to the development of polymerization
stress. The second unique methacrylate represents
a class of compounds called addition-fragmentation
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monomers (AFM). During polymerization, similar to
other methacrylate, AFM reacts with the developing
polymer, forming cross-links between adjacent poly-
mer chains, relieving stresses while the polymer’s
physical properties are preserved. The less polymer-
ization shrinkage on sonicfill composite resin attrib-
uted to its consistency that is like a flowable when
it is being placed, and then it has the properties of a
hybrid after it polymerizes ®. Sonicfill contains a
proprietary rheological modifier that reacts to sonic
energy from the handpiece and causes the viscosity
to drop 87% during extrusion. This viscosity drop al-
lows the SonicFill composite to rapidly flow into the
cavity, allowing intimate adaptation of the composite
to the cavity walls. It also displays a more gradual
viscosity buildup than conventional resin composites
when shear stress is removed 2.

Another explanation; As the filler content is
83.5% by weight and 69% by volume, so greater
incorporation of filler particles result in an increase in
the modulus of elasticity of a material which reduces
the amount of organic matrix in the composite and
favors a reduction in the polymerization shrinkage
but further evidence is needed using non-invasive
assessment technique®.

The polymerization shrinkage results of the cur-
rent study were in agreement with Hahnel et al.®®
who found that sonic fill resin composite has less
shrinkage than other bulk-fill composites due to its
characteristics, such as the organic matrix’s compo-
sition, the type of photo-initiator, and the size and
filler volume, have more satisfactory mechanical
properties.

On the other hand, there was disagreement with
this result with Rodriguez et al.?® who found that
sonic fill composite resin has great volumetric
changes as it contains a diluted trimethylene glycol
dimethacrylate monomer and a rheological modifier
to support the enhancement of the flowability of
the resin paste with ultrasound, although these
components of the resin matrix may contribute to
increased volumetric shrinkage.
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With the limitation of in vitro studies, extended
storage time is required to obtain more information.
Also, clinical studies are needed in the future to
assess the effect of the oral environment on the
efficacy of it.

CONCLUSIONS

According to the circumstances of this study,
polymerization shrinkage of flowable bulk-fill
resin composite is still more than backable bulk-
fill resin composite even with the evolution of the
technology of flowable bulk-fill. Future research is
needed to investigate the polymerization shrinkage
using more advanced techniques such as optical
coherence tomography.
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