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POST-GEL SHRINKAGE STRAIN AND DEGREE OF CONVERSION
OF NANOHYBRID RESIN COMPOSITE CONTAINING GRAPHENE
OXIDE NANOPARTICLES

Wael Mohamed Gamal * " and Ahmed Magdy Sayed™

ABSTRACT

Objectives: This study evaluated the effect of incorporating Graphene oxide nanoparticles on

the post-gel shrinkage strain and degree of conversion of resin composite restorative material.

Materials and methods: Graphene oxide nanoparticles was synthetized and incorporated
within a nanohybrid resin composite (Filtek™ Z250 XT). 20 specimens (7x4x2 mm) were fabricated
for polymerization shrinkage and divided into 2 equal halves. 10 specimens were fabricated without
incorporation with Graphene oxide nanoparticles (the control group; group 1), while the other half
was incorporated with 2% concentration by weight and referred to group 2. The post-gel shrinkage
strain was measured by strain gauge technique. The degree of conversion was measured using
a Fourier Transform Infrared (FTIR) spectrometer. Similar groups specimens were prepared
by polymerizing the material in a disc-shaped split white Teflon mold 2 mm thick and 4 mm in
diameter. Ten disc-shaped specimens were prepared for each experimental condition. The resultant
data were subjected to independent T-test (P<0.05) to reveal the statistically significant difference.

Results: The incorporation of Graphene oxide nanoparticles significantly reduced the post-gel
shrinkage strain. On the other hand, the degree of conversion reported no significant difference
between the two groups.

Conclusion: Addition of Graphene oxide nanoparticles to resin composite restorative material
positively affect the polymerization shrinkage while maintaining the degree of conversion.

KEYWORDS: Graphene oxide NP, resin composite, polymerization shrinkage, degree of

conversion.
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INTRODUCTION

Resin composite is a reliable aesthetic restorative
material with a good clinical performance. However,
the clinical longevity of the restoration is affected
by many factors such as development of secondary
caries, marginal adaptation, fracture and degradation
of the surface finish '. Polymerization shrinkage is
an inherited property of the polymerization process.
This shrinkage impairs the marginal adaptability
of the restorations and subsequently leads to
lower survival rate 2. Polymerization shrinkage
is affected by many factors such as the chemistry
of the organic matrix and the fillers of the resin
composites. Modifications of the fillers shape, size,
distribution and composition had been advocated as
these modifications showed a significant control of
the polymerization shrinkage °.

All contemporary resin composite restorative
materials shrink during polymerization, resulting in
a volumetric reduction ranging from 1.5% to 5%,
depending on the molecular structure of the mono-
mer, the amount of filler, rate of cure and degree of
conversion of the resin matrix. The total shrinkage
can be divided into two components: the pre-gel and
post-gel phases. During pre-gel polymerization, the
composite is able to flow, which relieves stresses
within the structure. After gelation, flow ceases and
cannot compensate for shrinkage stresses. Post-gel
polymerization, therefore, results in clinically sig-
nificant stresses in resin composite-tooth bond and
the surrounding tooth structure *7.

Furthermore, the degree of conversion affects the
longevity of the resin composites. Degree of conver-
sion could be defined as the number of monomers
changed to polymers 2. Therefore, lower degree of
conversion means more unreacted monomers that
are more susceptible to release, hydroxylation and
oxidation in addition to their plasticizing effect, that
resulted in lowering the mechanical and biological
properties of the restorations 23819,

In the attempts of improving the properties of the
resin composites, modifications in the resin com-
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posite fillers reserved its unique place in this revo-
lution against resin composite limitations. From the
newly introduced materials in the dentistry, the gra-
phene, graphene oxide and reduced graphene oxide.
Graphene formed of sp>-bonded pure carbon atoms
that arranged in a 2D monolayer with a honeycomb
crystal lattice. Graphene oxide contains oxygen
atoms bonded to carbon atoms and contains many
functional groups at its surface such as oxygen, ep-
oxide, carbonyl, phenyl and hydroxyl groups. How-
ever, reduced graphene oxide can be considered as
an intermediate structure between the purely-carbon

11,12

graphene and highly-oxidized graphene oxide

The graphene and its derivatives reported an
improvement in the modulus of elasticity, surface
hardness, compressive strength and flexural strength
1314 Moreover, graphene and its derivatives showed
an antibacterial effect after their integration with
different materials "', As a result of these unique
properties, they were tested by adding to many
materials such as poly methyl methacrylate, resin
composites, glass ionomer cement, orthodontics
adhesives and dentine adhesives '#131722,

The antibacterial effect of graphene oxide
nanoparticles (GO NPs), especially on dental
pathogens, has been discovered recently, and it
has been shown that GO NPs displays the highest
antibacterial effect in comparison to other graphene-
based materials such as graphite, graphite oxide,
graphene oxide, and reduced graphene oxide '-'*!>17,

Therefore, the aim of the current study was to
evaluate the effect of incorporation of graphene
oxide nanoparticles on the post-gel shrinkage strain
and degree of conversion of a nanohybrid resin
composite restorative material.

MATERIAL AND METHODS

Preparation of Graphene Oxide Nanoparticles

A 9:1 mixture of concentrated sulfurous acid/
Phosphoric acid (H,SO,/H,PO,) (360:40 mL) was
introduced to a mixture of graphite flakes (3.0 g)
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and Potassium permanganate (KMnO,) (18.0 g).
The liquid was heated to 50°C for 12 hours while
stirring, then cooled to room temperature before
being poured onto ice (-400 mL) with 30% Hydrogen
peroxide (3 mL). The filtrate was centrifuged
for 4 hours at 4000 rpm. The solid substance that
remained washed in a series of washes.

Characterization of Graphene Oxide
Nanoparticles:

A. Visible Near Infra-Red (Vis-NIR) Spectroscopy:

Visible Near Infra-Red (Vis-NIR) Spectropho-
tometer was used to monitor the absorption rate of
the graphene nanoparticles (Fathy & Riad (2019)*
and Prabhu & Poulose (2012) ?*). Data was re-
corded using a special computer software and the
absorption rate curve was drawn.

B. Transmission Electron Microscope Imaging
(TEM Imaging):

The transmission electron microscope was used
to record size, shape and particles’ distribution
(Fathy & Riad (2019) #, Pérez-Diaz et al. (2015)
% and Espinosa-Cristébal et al (2009) ).

C. X-Ray diffraction (XRD) analysis:

The crystallite size is usually determined and
calculated from the broadening of the reflection
profile of the XRD pattern and the interlayer
spacing from the corresponding position of the
peaks (Aidaros & Kamh ?').

An XRD pattern has been performed using
XPERT-PRO Powder Diffractometer system, with
2 theta (20° - 80°), with Minimum step size 2Theta:
0.001, and at wavelength (Ka) = 1.54614°.

Calculation of Graphene Oxide Nanoparticles
volume and resin composite mass:

Split Teflon mold was used to prepare standard-
ized resin composite specimens (7mm length x
4mm width x 2mm height). Mold was placed on
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a glass slide, and then the Filtek™ 7250 XT resin
composite (Table 1) was packed into the mold hole
by a gold-plated instrument and covered with Mylar
strip. Resin composite was then polymerized using
light emitting diode (LED) (3M ESPE Elipar Deep
Cure-S) Light-Curing Unit of wavelength range (A)
=430-490 nm, and maximum light intensity I = 500
mW/cm?, for 20 seconds according to manufacturer
instructions. The excess material was removed and
discarded. The resin composite specimen was re-
moved from the mold and weighted using a Sukot®
sensitive digital balance and it was found to be 0.3
gm. Weight calculation of graphene oxide powder
as follows: Graphene oxide was tested in 0.2% per
weight concentration. Concentration per weight
* actual weight of the specimen. Concentration:
0.2%*0.3 =0.0006 gm.

According to the previous calculations, each 0.3
gm of resin composite needs 0.0006 gm graphene
oxide to achieve the 0.2% concentration. In order
to prepare 2 ml graphene oxide in ethanol with
concentration 0.03 gm/ml, a weight of 0.06 gm of
graphene oxide was added to 2 ml of absolute ethanol
and stirred for 15 minutes with a glass stirring rod
then sonicated for 10 minutes in ultrasound bath
then the mixture was stored in dark and sealed
container (Lucefio-Sanchez et al., (2018) ).

The ethanol solution containing graphene oxide
nanoparticles were applied by micropipette into
amalgam capsule and then left for 5 minutes to allow
complete evaporation of ethanol. Then, a weight
of 0.3 gm of resin composite was taken into the
amalgam capsule. The capsule was mounted on the
amalgamator and mixing was done for 10 seconds
(Aref et al., (2015) ?°). The resin composite was
then packed again into the Teflon mold and covered
with a mylar strip to prepare 10 specimens. Another
10 specimens were prepared from resin composite
only (control group). Resin composite specimens
were then polymerized for 40 seconds.
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TABLE (1) Material used, specification, composition, lot number and manufacturer

S Ma.terla!/ Composition Manufacturer Lot number
pecification
Filtek™ 7250 XT Matrix: Bis-GMA', UDMA?, BIS-EMA’, PEGDMA*& 3M ESPE, NC07012

TEGDMA?.
Nano-hybrid
composite (Z250)

Dental Products,

Fillers: (82% by weight) Surface-modified zirconia/silica
with a median particle size of approximately 3 microns or

Saint Paul, MN,USA

less and non-agglomerated/non-aggregated 20-nanometer

surface-modified silica particles.

https://www.3mespe.com.

1-Bis-GMA: Bis-phenol A glycol di-methacrylate
3-Bis-EMA: Ethoxylated bisphenol A glycol methacrylate,
5-TEGDMA: Triethylene glycol di-methacrylate

Post-gel shrinkage strain measurement:

A foil electrical resistance strain gauge (Kyowa
Electronic Instruments Co, LTD, Tokyo, Japan,
Lot #Y4683M) was used to measure the post-gel
shrinkage strain of the resin composite specimens.
The head of an electrical resistant strain gauge was
fixed to a flat glass slab using a sticky tape and the
hole of the Teflon mold was centralized and fixed
over the strain gauge. The other side of the strain
gauge was then connected to the strain monitoring
device (Strain-Meter PCD-300A Kyowa-Electronic
Instruments Co, LTD, Tokyo, Japan).

Degree of conversion measurement:

Degree of conversion of the tested resin
composite specimens was measured using Fourier
transform infrared spectroscopy (FT-IR) (VERTEX
70, Bruker, Germany). From each group, 10
specimens were packed inside a disc-shaped Teflon
mold (2 mm in thickness and 4 mm in diameter). The
resin composite was packed inside the mold against
glass slap using a gold-plated instrument then tested
by a spectrum from 400 to 4000 cm™! for measuring
the absorbance peak of aliphatic C=C at 1637 cm
(polymerizable) and aromatic C-C absorbance peak
at 1607 cm™' (unpolymerizable) as a reference peak.
Each specimen was cured as discussed before and
the same absorbance peaks were measured again.
The degree of conversion was measured by baseline
technique from the following equation:

DC (%) = [1- (A /(A /A x100

1637 /A1608) cured 1608) uncured]

2-UDMA: Urethane dimethacrylate
4-PEGDMA: Poly ethylene glycol di-methacrylate

Statistical analysis

Data was analyzed with IBM® SPSS® Statistics
Version 25 for Windows. The mean and standard
deviation values were calculated for each group.
Normality test was performed using Kolmogorov-
Smirnov test and revealed normal distribution
between values of each group. Homogeneity test
was performed using Levene’s test and revealed
homogenous distribution between all variables.
Therefore, independent T test was performed (with
significance level was set at P < 0.05) to reveal
the statistically significant difference between the
variables.

RESULTS

Post-gel shrinkage strain:

The results of the current study revealed that
the incorporation of nano graphene oxide particles
resulted in a significant decrease in the post-gel
shrinkage strain (p-value = 0.000) from 1978ym/m
+300.51 for control group to 501xm/m = 163.18 for
the graphene incorporated group.

Degree of conversion:

The results of the present study showed no
statistically significant difference (p-value = 0.217)
between the control group (61.44% =+ 15.56) and
after incorporation of nano graphene oxide particles
(46.91% + 18.64).
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TABLE (2) The mean and standard division of post-gel shrinkage strain (#zm/m) and Degree of conversion

(%) of the tested materials.

Post-gel shrinkage strain (#m/m)

Degree of conversion (%)

Mean+ SD Mean+ SD
Control 1978+ 300.51 61.44+ 15.56
Composite containing Graphene oxide NP 501+ 163.18 4691+ 18.64
P-value 0.000%* 0.217

*: indicates significant difference between variables (p<0.05) by independent T test.

Figure (1) represents the absorbance peaks
before and after curing of both groups. There is a
marked reduction in the C=C absorbance peak of
both groups after curing indicating conversion of
C=C bond to C-C.

( FT-IR Analysis

Absorbance units
o
g
5

1540 1560 1580 1600 1620 1640 1660 1680 1700
-0.005
Wave number cm?

Uncured Control Composite containing Graphene Oxide NP

(& J

Fig. (1) The FT-IR spectra of uncured, control and composite
containing graphene oxide specimens represent the
decrease in the absorbance peak of C=C after curing
in both groups.

DISCUSSION

Light curing of resin composites results in
their
this polymerization shrinkage results in stresses

polymerization shrinkage. Unfortunately,
that can be transferred to the bonding interface
and the remaining tooth structure, leading to
interfacial adhesive failures, cuspal deflection, and/
or enamel microcracks, post-operative sensitivity
and recurrent caries '*. During polymerization, the

double carbon-carbon bonds are broken down and

shorter single carbon-carbon bonds are formed.
This rearrangement of the reacted monomers
shortens of the intermolecular distances between
the reacted monomers resulting in what is called
polymerization shrinkage *.

The polymerization process could be classified
by two macroscopic stages; gel stage followed by
vitrification stage. The former stage is characterized
by incipient gel formation while the later stage is
characterized by formation of a glassy structure
and increase in the modulus of elasticity. The
polymerization stresses could be classified by pre-
gel and post-gel stages. During the pre-gel stage,
the developed stresses can be relaxed by the flow of
the material while the stresses developed at post-gel
stage can’t be relaxed as the material flow is ceased.
Therefore, the post-gel stresses persist and are the
stresses of clinical importance 3!.

The polymerization stresses are also affected by
the degree of conversion which is the percentage of
carbon-carbon double bonds that is transferred to
single bonds. Increasing the degree of conversion
improves the mechanical and biological properties
of the resin composite restorations and subsequently
their clinical reliability *-'.

The polymerization shrinkage and degree of
conversion are multifactorial properties. They
related to matrix chemistry, fillers size and shape and
percent, photoinitiator chemistry and concentration
and light curing unit type 32,
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Many trials have been suggested in order to
decrease this polymerization shrinkage such as in-
cremental packing of the resin composite restora-
tions, soft-start light curing method, changing in
the chemistry of the resin matrix, incorporation of
higher fillers content and using of indirect resin
composite restorations **. One of the newly intro-
duced nanofillers in the medical and dental field is
the graphene oxide '"'*. Graphene oxide reported an
improvement in the mechanical properties of poly-
meric materials '*'*. Moreover, the antibacterial ef-
fect of GO NPs has been reported by many authors
1316 Therefore, this study was conducted to evaluate
the effect of GO NPs on the polymerization shrink-
age and degree of conversion of methacrylate-based
resin composite material.

of dental resin

composite could be measured by many ways such

Polymerization shrinkage
as strain gauges, dilatometer, bonded disc-based
Watts method, scanning laser beam, video imaging,
linear displacement and force and by using fiber-
optic sensors. However, strain gauge recorded only
the post-gel deformation and neglect the pre-gel
deformation which gives a more reliable results
as the post-gel deformation is the more clinically
related deformation 3!+,

Degree of conversion of resin composite
could be measured by many equipment such as
Fourier transform infrared spectroscopy, Raman
Spectroscopy, electron paramagnetic resonance,
nuclear magnetic resonance, differential scanning
calorimetry and differential thermal
However, FTIR is the most frequently used
technique by authors 3!,

analysis.

The results of the current study revealed
that incorporation of the GO NPs into the resin
composite leads to a significant decrease in the
post-gel shrinkage strain that is means a decrease
in the polymerization shrinkage of the tested
material. Polymerization shrinkage predominantly

2

is affected by the resinous matrix *. Therefore,

increasing the filler percentage results in decrease
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the polymerization shrinkage and subsequent

developed shrinkage strain.

Moreover, filler size affects this shrinkage strain
in two ways. The first one is the surface area of the
fillers (with a constant filler load). The higher surface
area of the smaller fillers exerts more constrains on
the matrix that increases resultant strain. The second
way is the translational movements of the fillers
which enhance the stress relaxation of the matrix 3.

the effect of
incorporation of different filler materials and

Many authors investigated
evaluated their effect over the polymerization
shrinkage. Lin et al., (2020) * studied the effect
of addition Zirconia and rice husk silica as fillers
in resin composite and reported a decrease in the
polymerization shrinkage with an increase in the
filler percent. Similarly, Par et al., (2020) * reported
a decrease in the polymerization shrinkage of an
experimental resin composites with the increase in
concentrations of unsilanized bioactive glass fillers.
Moreover, Kumar et al., (2016) ¥ incorporated
silane-modified nanosilica particles with different
concentrations in to an experimental resin composite
and found that increasing fillers amount leads to
decrease in polymerization shrinkage.

The results of the present study exhibited that
the incorporation of 0.2% of GO NPs resulted
in a statistically non-significant difference in the
degree of conversion compared with control group.
This insignificant difference may be referred to
the inversely proportional relation between the
degree of conversion and fillers size as the smaller
filler size exhibited a limited light scattering and

3 Moreover, the limitation of the FT-

reflection
IR in measuring only the superficial surface of the
tested specimens which is well irradiated compared

with deep layers™®.

In accordance with the present study, Velo et
al., (2022) ¥ reported a non-significant difference
after incorporation of GO to experimental
resin composites with a percent of 0.3% and

0.5% compared to control group. Moreover,
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Tsagkalias et al., (2017) “° reported that addition of
0.1% of GO on poly methyl methacrylate showed a
similar polymerization conversion as control group.
However, the increase amount of GO to 0.5%
and 1% reported a decrease in the polymerization
They that
polymerization conversion to the inhibitory effect of

conversion. claimed decrease in
GO on the initiator system which is not significant
with small amount 0.1%. However, in the present
study, GO was added with 0.2% to resin composite

that was too small to inhibit degree of conversion.

On the other hand, Bin-Shuwaish et al., (2020)
2 reported a decrease in degree of conversion after
addition of 2% GO to an experimental adhesive.
They claimed that decrease due to the increase of
the GO percent results in their agglomeration and
hindering the passage of curing light through the
material.

Furthermore, Alrahlah et al., (2020) *' reported
anincrease in the degree of conversion of dental resin
composites after addition of silanized GO fillers.
This contradiction was clarified by the silanization
of the GO fillers results in interaction between
the GO fillers and the resin matrix. Moreover, the
silanized GO may decreased the inhibitory effect
of GO over the initiator system. In addition, Sarosi
et al., (2016) * reported an increase in the degree
of conversion after addition of graphene—gold
nanoparticles. They claimed that the high thermal
conductivity of the fillers played an effective role
in increasing the degree of conversion. These
conflicting results can be referred to the difference
in the chemical formula of the used fillers.

The results of the present study found that
addition of GO NPs to resin composite decreased
the post-gel shrinkage strain with neglectable
effect on the degree of conversion. The linear
polymerization shrinkage has an independent
relation with the degree of conversion as the strain
gauge recorded only the post-gel shrinkage strain as
the tested material reached a significant rigidity that

overcome the resistance of the metallic foil of the
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measuring device. However, in the pre-gel stage,
the reduction of the specimen in the axial direction
can be compensated by shrinkage in the radial
direction®*-".

In accordance with the results of the present
study, Lins et al., (2019) *°, Yu et al., (2017) *
and Kumar et al., (2016) ¥ reported that degree
of conversion is directly proportioned to the
polymerization shrinkage as the increased number
of cured monomers means more approaching of
molecules to form single carbon-carbon bond that
is has shorter intermolecular distance than van der
Walls forces that bonds the precured monomers. On
the other hand, Salem et al., (2019) * found a lower
polymerization shrinkage with resin composites
with higher degree of conversion after investigating
one conventional and four different bulk fill resin
composites. They claimed these findings to the
difference in the filler’s percent and chemistry of
resinous matrix of the tested materials that affects
the amount of double bonds, viscoelastic properties,
flexibility and molecular mass.

CONCLUSION

Within the limitations of the current study,
it could be concluded that the incorporation of
graphene oxide nanoparticles into resin composite
can produce a reliable resin composite restoration
with reduced polymerization shrinkage but is not
the impact factor on the degree of conversion.
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