Taher et al. Bull Natl Res Cent (2021) 45:146
https://doi.org/10.1186/542269-021-00605-y

Bulletin of the National
Research Centre

RESEARCH Open Access

The effect of radiation exposure and storage

=

Check for
updates

time on the degree of conversion and flexural
strength of different resin composites

Ragia M. Taher'"®, Lamiaa M. Moharam', Amin E. Amin? Mohamed H. Zaazou', Farid S. El-Askary® and

Mokhtar N. Ibrahim?

Abstract

age time showed the highest significant value (P<0.05).

Background: This study was conducted to evaluate the effect of radiation exposure and storage time on the degree
of conversion (DC%) and flexural strength (FS) of three different resin composites. In total, 90 disk-shaped, and 360
rod-shaped composite specimens were prepared to evaluate the DC% and FS, respectively. Specimens were divided
into 18 groups (DC%: n=>5 and FS: n=20) according to the three experimental factors of the study: 1—Radiation (no-
exposure and exposure), 2—Resin composite material (Herculite XRV Ultra, Z250 XT and Grandio), and 3—Storage
time (24 h in distilled water, 3-m and 6-m in 70% ethanol). Fourier transform infrared spectrometer (FTIR) was used

to determine the DC%. For FS, the specimens were subjected to a three-point bending test at 1 mm/min crosshead
speed. Data were analyzed using three-way ANOVA/Tukey HSD test. Significant level was set at P=0.05.

Results: For DC%, there was no significant difference between no-radiation exposure and radiation exposure
(P>0.05). Herculite XRV Ultra revealed the highest statistically significant DC% (P < 0.05). The 24-h storage time
revealed the least significant DC% (P < 0.05). For FS, radiation exposure showed a statistically significant higher value
compared to no-radiation exposure (P < 0.05). Herculite XRV Ultra showed the least FS value (P < 0.05). The 24-h stor-

Conclusions: Radiation exposure has no significant impact on the DC% of the different resin composites, but it has a
significant positive effect on the FS. Storage time had a significant effect on both DC% and FS.

Keywords: Radiation exposure, Resin composite, Storage time, Degree of conversion, Flexural strength

Background

Radiotherapy is one of the treatments options that are
frequently indicated in the treatment of patients with
head and neck carcinomas (Nutting 2016). Its adverse
effects on the patients’ general health and their quality
of life are, however, quite significant (Yucel et al. 2014).
Secondary effects of radiotherapy on the oral tissues have
been studied widely. It is well acknowledged that radio-
therapy can cause damage to any normal tissue located
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within the radiation field (Barnett et al. 2009). The change
in the properties of the different dental restorative mate-
rials is one of the adverse effects of the head-and-neck
radiotherapy, especially with increasing radiation doses
(Brandeburski and Della Bona 2018).

Although resin composites have shown a substantial
evolution over the past years, the development of new
composites has mainly focused on the increase in the
filler’s percentage. In general, increasing filler percent-
age within contemporary resin composites was found
to adversely influence the degree of conversion (Rastelli
et al. 2012; Halvorson et al. 2009). It was also observed
that flexural strength of resin-based composites is greatly
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affected by the filler system characteristics, including
filler percentage (Kim et al. 2002; Beun et al. 2007).

In the oral environments, resin composites are exposed
intermittently or continuously to chemical agents in
saliva, food, and drinks which can cause softening of the
resin matrix of the composite resin restorations through
water absorption, which causes hydrolytic breakdown of
the bond between the filler particles and resin matrix,
and eventually de-bonding of the fillers (Ferracane et al.
1998). The medium to which the composite is exposed
to, controls the de-bonding mechanism and the result-
ant loss in material’s properties. To simulate the effect of
chemicals in the oral environment, several artificial stor-
age procedures such as artificial saliva, acids or ethanol
solutions have been used as in vitro storage media (Wu
and McKinney 1982).

The properties of resin composites under the different
clinical conditions can be evaluated in vitro by the assess-
ment of their mechanical and physical properties. In this
regard, the aim of this study was to evaluate the effect of
radiation exposure and storage time on the DC% and the
ES of three different resin composites. The null hypoth-
esis tested was, neither the radiotherapy, nor the storage
time has an effect on the DC% and FS of the three differ-
ent resin composites.

Methods

Three different nano-hybrid resin composites were used
in this study. Materials, manufactures, composition, and
Lot # are presented in Table 1.
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Study design

In total, 90 resin composite disk-shaped and 360 rod-
shaped specimens were prepared to evaluate the DC%
and FS, respectively. The specimens were divided into 18
groups (n=>5/group for DC% and n=20/group for FS)
according to the three experimental factors of this study:
Factor 1: Radiation, 2 groups (no-exposure and radiation
exposure), Factor 2: Resin composite, 3 groups (Herculite
XRV Ultra, Z250 XT and Grandio), and Factor 3: storage
time, 2 groups (24-h in distilled water, 3-m, and 6-m in
70% ethanol).

Preparation of the composite specimens

For the DC%, a specially fabricated stainless-steel cir-
cular split mold with a central hole measuring 5 mm
diameter x 2 mm thickness was used. The mold was
positioned on a glass slide that was covered with a Mylar
strip. The investigated resin composite materials were
applied inside the mold in a single increment, covered
with another Mylar strip, and the resin composites were
pressed using glass slide to extrude the excess mate-
rial and obtain a flat smooth surface. The materials were
light-cured for 20 s according to manufacturer’s instruc-
tions using LED light curing device, with an output of
1200 mW/cm? (Elipar™ DeepCure-L Light Cure, 3 M
ESPE, St. Paul, USA.). The intensity of the LED unit was
periodically checked every 10 specimens using a hand-
held radiometer (CM300-2000, APOZA, Taiwan). A
1200-grit SiC paper was used to remove any flashes from
the prepared composite specimens.

Table 1 Materials, manufactures, composition/filler weight %, and Lot #

Materials Manufacturer Composition Lot #
Herculite™ Kerr Italia S.r.l Filler percentage: 78 wt% 5679825
XRV Ultra™ Via Passanti, Pre-polymerized filler (PPF),
Scafati (SA), Italy Silica nanofillers (20-50 nm),
Barium glass (0.4 micron),
Methacrylic monomers,
Trimethylolpropane Triacrylate,
TiO, benzoyl peroxide,
4-Methoxyphenol, initiators, pigments
Filtek™ 3 M ESPE, Filler percentage: 82 wt% N728054
7250 XT St. Paul, Surface modified zirconia/silica
MN, USA 3 um, non-Agglomerated surface
modified silica 20 nm. BIS-GMA,
UDMA, BIS-EMA,
PEGDMA and TEGDMA
Grandio Voco, Guxhaven, Filler percentage: 87 wt% N1511068
GMBH- Ba-Al-Borosilicate glass filler
Germany (microfiller) 1 um,

SiO2 (nanofiller) 20-60 nm
B-GMA, UDMA and TEGDMA

BIS-GMA: bisphenol A-glycidyl methacrylate, UDMA: Urethane dimethacrylate, BIS-EMA: Bisphenol A ethoxylate dimethacrylate, PEGDMA: Polyethylene glycol

dimethacrylate, TEGDMA: Tetraethyleneglycol Dimethacrylate
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For the FS, a specially fabricated rectangular stainless-
steel split mold with a central rectangular window meas-
uring 12 mm length x 2 mm width x 2 mm thickness was
used. The mold was positioned on a glass slide that was
covered with a Mylar strip. Resin composite materials
were applied, covered with another Mylar strip, and the
resin composite was pressed using a glass slide to extrude
the excess material and obtain a flat smooth surface. Each
specimen was light-cured for 20 s according to the manu-
facturer’s instructions using the LED curing device. To
ensure proper polymerization for each specimen, two
overlapping light curing cycles was used, each cycle for
20 s for a total curing time of 40 s. The top surface of each
specimen was marked using a permanent marker before
removing from the mold. The dimensions (width x thick-
ness x length) of each specimen were measured using
a digital caliper (Absolute AOS Digimatic, Mitutoyo,
Tokyo, Japan) with an accuracy of 0.01 mm at three dif-
ferent locations along the length of the specimen. The
values of the three measurements were averaged for each
specimen to be used in the FS determining equation.

Storage of the composite disks

The specimens were randomly assigned to the three stor-
age times (24 h in distilled water, 3-m and 6-m in 70%
ethanol solution). Specimens were stored in light-proof
container in an incubator at 37 °C (TITANOX, Via Can-
ove, Italy). For specimens stored in 70% ethanol, the
ethanol solution was replaced every 1 week to avoid satu-
ration by degradation products and partial evaporation of
the ethanol solution (Kao 1989).
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Medical, Ontario, Canada) using a single anterior field
at a source—surface distance (SSD) of 80 cm and with
a maximum field size of 35 x 35 cm. Radiation dose of
60 Gy was delivered as one shot.

Determination of the Degree of conversion (DC%)

The assigned specimens were grounded into fine pow-
der. Fifty microgram resin composite powder was
mixed with 5 mg of Ispectropic grade (IR) potassium
bromide powder (KBr) in 1:10 ratio. The mixture was
placed in a pellet maker kit (KBr Product-A-Press,
International Crystal Labs, Garfield, NJ, USA) and
pressed to obtain a 1-mm-thick pellet. Fourier trans-
form infrared spectrometer (JASCO FT/IR 4600, Japan)
(FTIR) was used to determine the DC%. The spectra
were recorded using 24 scans at 4 cm™! in absorbance
mode and 400-4000 cm™' wavelength. The percentage
of unreacted carbon—carbon double bonds (% C=C) in
the cured composite specimens was determined from
the ratio of peak areas of aliphatic C=C (1638 cm™)
against the aromatic component (1608 cm™), which
was used as an internal standard. The underlying
peak area was calculated for each peak using a stand-
ard baseline technique with the aid of computer soft-
ware program provided with the spectrometer (JASCO
Spectral Analysis, Japan). To obtain the spectrum of
the uncured resin composite, the composites paste was
directly mixed with the potassium bromide powder in
the same ratio described for the cured specimens. The
DC% for each group was determined using the follow-
ing equation:

abs(aliphatic C = C)/abs(aromatic C = C)]cured

DC%=1—

x 100.

abs(aliphatic C = C)/abs(aromatic C = C)Juncured

Radiation exposure of the composite specimens

After each storage time, half of the specimens from each
material were evaluated without being subjected to the
radiation exposure dose. The other half was subjected to
60 Gy of gamma radiation a single fraction. Specimens
assigned for exposure to radiation were first blot dried
then embedded in pink modelling wax sheets. Their
top surfaces were flushing with the wax surface. This
was done in order to ensure intimate contact with the
phantom (a human tissue equivalent material), to mini-
mize radiation errors and to ensure dose homogeneity.
Another phantom of 5 mm thickness was placed above
the wax to allow for radiation build-up. Gamma rays
radiation was performed with an average of (1.25 MeV)
emitted from a cobalt-60 machine (Theraton Phoenix
60 Cobalt Radiotherapy Treatment Unit—Theratronics
International, Ltd., Atomic Energy of Canada, Ltd., AECL

Flexural strength (FS) testing

Specimens were subjected to a three-point bending test
in a universal testing machine (Shimadzu 5KN (Auto-
graph AG_X Plus, Japan). Each specimen was placed
on a specially fabricated stainless-steel holder that con-
sisted of two vertical rods, acting as supports, mounted
parallel to each other above a flat base with the distance
of 10 mm between centers of their apices. Another sin-
gle stainless-steel rod was attached to the upper jig of
the universal testing machine to apply vertical striking
force directly on the center of the top surface of the
composite specimens. The test was run at crosshead
speed of 1 mm/min until failure. FS (o), in mega-pas-
cals (MPa), was calculated using the following formula:

o = 3Fl/2bd?
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where F is the maximum load at the point of fracture
(Newton), 1 is the distance between the two supports
(10 mm), b is the width of specimen measured prior to
testing (2 mm), and d is the thickness of the specimen
measured prior to testing (2 mm).

Statistical analysis

Statistical analysis was performed using IBM statistical
software for Windows (Version 21). The significance level
was set at P=0.05. Data was analyzed using Three-Way
ANOVA to evaluate the effect of factors “radiation’, “resin
composite”, “storage time” and “radiation x resin compos-
ite x storage time). One-Way ANOVA followed by Tuk-
ey’s HSD post hoc test was used for pairwise comparison
in resin composites and storage periods. Independent
student ¢ test was used to compare between radiation no-
exposure and radiation exposure groups.

Results

For the DC% results, three-way ANOVA (Table 2)
showed that factors “radiation’, “resin composite’, and
“storage time” had statistically significant effect on DC%
(P<0.001). On the other hand, factor “radiation x resin
composite x storage time” revealed no statistically sig-
nificant difference on the DC% (P> 0.05).

One-way ANOVA showed that for factor radiation
exposure (Table 3), there was no statistically significant
difference between no-radiation exposure and radia-
tion exposure treatments (P>0.05). Regarding factor
resin composite (Table 4), Herculite XRV Ultra revealed
the highest statistically significant DC%, while Grandio
showed the least statistically significant value among all
tested resin composites (P< 0.05). For factor storage time
(Table 5), there was no statistically significant difference
between 3-m and 6-m storage times (P> 0.05). Both 3-m
and 6-m storage times showed statistically significant
higher DC% compared to 24-h storage time (P < 0.05).

For the FS results, three-way ANOVA (Table 6) showed
that factors “radiation’, “resin composite’; “storage time’,
and “radiation x resin composite x storage time” had
statistically significant effect on FS of the different resin
composites (P < 0.05).

Table 2 Three-way ANOVA analyzing the effect of radiation,
material, storage, and their interaction on DC%

Source df MeanSquare F Sig

Radiation 1 16.035 17.867 <0.001
Material 2 194.645 216.884 <0.001
Storage 2 94.786 105.616 <0.001
Radiation x Material x Stor- 4 0.292 0.326 0.860

age
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Table 3 Mean 4 standard deviations for the effect of radiation

on DC%
No-exposure Exposure
Grandio 24-h 740+04 744104
3-m 753104 7624+04
6-m 762417 775£04
Z 250 XT 24-h 748+ 1.1 751£10
3-m 773£12 781£1.1
6-m 777+12 785+04
Herculite XRV Ultra 24-h 778+0.1 783+1.7
3-m 80.0+0.9 81.8+02
6-m 822411 83.0+10
Total radiation 772427" 78.14+28"

Means with same superscript capital letters for the total radiation are not
statistically significant at P=0.05

One-way ANOVA showed that for factor radiation
(Table 7), radiation exposure showed a statistically sig-
nificant higher FS (P < 0.05). Regarding the factor resin
composite (Table 8), there was no statistically significant
difference between Grandio and Z250 XT (P>0.05), and
both materials showed a statistically significant higher
FS compared to Herculite XRV Ultra (P<0.05). Regard-
ing the factor storage time (Table 9), there was a statisti-
cally significant difference between the different storage
periods (P < 0.05). 24-h storage time showed the highest
value, while 6-m storage showed the least FS value.

Discussion

Patients receiving radiotherapy in the head and neck
region usually become higher-risk candidates of develop-
ing more dental diseases, and thus the selection of den-
tal restorative materials is of paramount importance in
order to prevent any deleterious interactions between the
incident radiotherapy on the properties of the restorative
material. In this regard, the testing of different properties

Table 4 Mean 4 standard deviations for the effect of material

on DC%
Grandio  Z250XT Herculite XRV Ultra

No-radiation 24-h 740404 748%&11 778401
exposure 3-m 753404 773412 800409
6m 762417 777412 822411
Radiation expo- 24-h 7444+04 751410 783+17
sure 3m 762404 781411 818402
6-m 775404 785404 830410

Total material 756+14% 769+18% 805+23¢

Means with same superscript capital letters for the total material are not
statistically significant at P=0.05
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Table 5 Mean & standard deviations for the effect of storage on DC%
24-h 3-m 6-m
No-radiation exposure Grandio 740£04 753+£04 762+£1.7
Z 250 XT 748+£1.1 773£12 777£12
Herculite XRV Ultra 77.8+0.1 80.0+£0.9 822+1.1
Radiation exposure Grandio 744+04 76.2+£04 775+£04
Z 250 XT 751£10 781£1.1 785+£04
Herculite XRV Ultra 783£17 81.8£0.2 83.0£1.0
Total storage 757 419" 7814248 7924288

Mean with same superscript capital letters for the total storage are not statistically significant at P=0.05

Table 6 Three-way ANOVA for the effect of radiation, material,
storage, and their interaction on FS

Source df Mean Square F Sig

Radiation 1 15,667.727 311.180 <0.001
Material 2 70,215.157 1394.560 <0.001
Storage 2 687,849.724 13,661.544 <0.001
Radiation x Mate- 4 7729.015 153.508 <0.001

rial x Storage

Table 7 Mean 4 standard deviations for the effect of radiation

onFS
No-radiation Radiation exposure
exposure
Grandio 24-h  160.5+86 2166+£103
3-m  624+56 1189+78
6-m 512468 273458
Z 250 XT 24-h 179+£84 2191+£72
3-m 292454 58+74
6-m 391439 299452
Herculite XRV Ultra  24-h  1388+£10.3 119.5+£9.2
3-m 337461 243456
6-m 196+57 18.7£35
Total radiation 79.3+£59.2% 92.5+76.8°

Means with same superscript capital letters for the total radiation are not
statistically significant at P=0.05

Table 8 Mean 4 standard deviations for the effect of material on FS

of resin composite materials that were exposed to radia-
tion dose is thus mandatory (Toth et al. 1991).

The results of this study rejected the null hypothesis, as
factors “radiation’, “material’; and “storage time” had sig-
nificant effects on both DC% and FS of the tested resin
composites.

From the results of this study, factor radiation exposure
showed no statistically significant effect on the DC% of
the different resin composite, regardless to the different
storage times (Table 3). The DC% is a material dependent
property (Par et al. 2019; Erdemir et al. 2013). Variation
in the chemistry and formulations of organic matrix and
different filler features such as mass fraction, density, and
particle size, shape, and distribution; were found to con-
tribute to the variable significant differences in the final
DC% of the investigated resin composites. (Abed et al.
2015; Turssi et al. 2005; Amirouche-Korichi et al. 2009).
When resin composites were light-cured, the DC% could
be expected to reach its maximum value before exposure
to the therapeutic radiation dose (Cruz et al. 2008), and
that no changes in the chemical structure of the investi-
gated resin composites could occur following radiation
exposure. The results of this study came in agreement
with the results of Cruz et al. (2008). They reported that
there was no change detected in the DC% of the stud-
ied resin composites after exposure to different doses of
radiation. On the other hand, the results of this study
disagreed with the studies of Hsiue and Chang (1993),
Campos et al. (2015), Cruz et al. (2009) and Haque et al.

Grandio Z250XT Herculite XRV Ultra

No-radiation exposure 24-h 160.54+86 179484 13884103

3-m 624456 292454 33.7£6.1

6-m 512+68 39.1£39 196+57
Radiation exposure 24-h 216.6+£10.3 2191472 1195492

3-m 1189+78 58+74 243+56

6-m 273+58 299452 187435
Total material 106.2+£67.1% 9244775 59.14+508°

Means with same superscript capital letters for the total material are not statistically significant at P=0.05
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Table 9 Mean =+ standard deviations for the effect of storage on FS
24-h 3-m 6-m
No-radiation exposure Grandio 160.5+8.6 624+£56 51.2+£6.8
Z 250 XT 179+84 292454 39.14+39
Herculite XRV Ultra 13884103 33.7+6.1 196+£57
Radiation exposure Grandio 216.6+£10.3 1189478 273+£538
Z 250 XT 2191+£7.2 5874 299452
Herculite XRV Ultra 119.5+£9.2 243456 187+£35
Total storage 17224383" 54443298 31+125¢

Means with same superscript capital letters for the total storage are not statistically significant at P=0.05

(2001). They reported significant changes in the final
DC% of the tested photo-polymerized resin composites
after exposure to different doses of the ionizing radia-
tions. These disagreements could be contributed partly
to the difference in resin composites’ formulations used
and partly to the difference in radiation doses, into which
some studies used lower doses of radiation (Campos
et al. 2015; Cruz et al. 2009), while the other studies used
higher radiation doses than the ones used in the present
study (Hsiue and Chang 1993; Haque et al. 2001).

It was reported that therapeutic radiation could induce
a post-cure reaction, which occurred because some por-
tions of the free radicals generated during composite
polymerization could be trapped within the heterogene-
ous network and might persisted for extended periods
(Burtscher 1993). Furthermore, resin composites’ DC%
could be continued after light-curing, but at a slower rate
(Schneider et al. 2006). Such contradiction could be asso-
ciated with the different tested resin composite materials
in these studies. The possibility of the incident gamma
radiation beam to yield any molecular disruption might
be overcame by the high energy created by carbon-to-
carbon single bond in the polymeric network (Arener
1974). Additionally, this could be owed to the process by
which the gamma radiation is absorbed by the inorganic
filler particles and the radiosensitive chemical groups in
the resin composites. As the gamma radiation will spread
within the resin composites into their organic resin
matrix leading to excitation and ionization of the matrix
and development of coupled reactive species (chemical
reagents starters or initial chemical reagents). Due to the
limited molecular mobility inside the photo-polymerized
resin composite materials network, the chemical reagents
would only link among themselves creating new chains or
link with and stabilize the closer chemical groups (Hsiue
and Chang 1993; Haque et al. 2001; Cruz et al. 2009; Behr
et al. 2005). This might affect other mechanical proper-
ties of the resin composites but would not increase their
DC% (Cruz et al. 2008).

Regarding the effect of factor radiation exposure on
the flexure strength of the different resin composites,
radiation exposure resulted in statistically significant
higher FS values (Table 7). Flexure strength is a struc-
turally sensitive property that could be easily affected
by lattice defects and voids. Novais et al. (2015) found
some decrease of FS after the irradiation protocol and
reported that explanation of their results was difficult to
be addressed. Catelan et al. (2008) evaluated the effect of
radiotherapy on FS of resin composite, and they demon-
strated that the flexural strength had a tendency toward
gradual increase in radiation values up to a dose of 50 Gy
while it started to decline with higher doses, such as
60 Gy. Consequently, ionizing radiation with doses rang-
ing from 25 to 200 Gy was found to be capable of modify-
ing the microstructure of dental composites and improve
their properties as well (Behr et al. 2005; Vaishnavi et al.
2010). It was reported that radiation exposure might be
able to reorganize the residual chemical groups of low
molecular weight inside the polymer matrix to obtain a
beneficial effect (Von-Fraunhofer et al. 1989), which in
turn might explain the significant increase in FS in the
present study. Moreover, Vaishnavi et al. (2010) con-
cluded that mechanical properties of dental composites
irradiated with higher doses would further optimize the
material properties, which came in agreement with the
results of the present study.

On the other hand, the results of this study disagreed
with the study of Haque et al. (2001). They found that FS
was not improved by the exposure to gamma radiation.
The difference in resin composites used might be the rea-
son of such disagreement.

Regarding the effect of factor resin composite mate-
rial on the DC%, Herculite XRV Ultra had a significantly
higher DC% values compared to Z250 XT and Grandio
(Table 4). This difference in the compositions of the tested
resin composites in this study could play a major role in
the difference in the DC% values of the tested composites
(Abed et al. 2015). It was reported that different mono-
mers exhibit different DC%, in the following increasing
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order: BIS-GMA <BIS-EMA <UDMA<TEGDMA (Sid-
eridou et al. 2002). BIS-GMA, the strong intramolecu-
lar hydrogen bonding of its hydroxyl groups (-OH) and
the presence of rigid aromatic nuclei interactions given
by the aromatic rings in its structure are the reasons
for being the most viscous and least flexible monomer.
On the other hand, UDMA is a less viscous, and a more
flexible monomer compared to BIS-GMA and thus has
increased the reactivity and higher DC% was obtained.
This is because of the weak hydrogen bond of its amine
group compared to that of the hydroxyl groups present in
BIS-GMA (Khatri et al. 2003). Also, characteristic chain
transfer reactions might exist due to the presence of the
amine groups in its urethane structure of UDMA, which
could provide an alternative path for the continuation of
polymerization and hence increase the monomer conver-
sion (Sideridou et al. 2002). Regarding the TEGDMA,
it has the least viscosity and the highest DC% among
the different monomer systems and considered as the
main contributor for polymerization (Floyd and Dickens
2006; Sgarbi et al. 2010). TEGDMA has a better plasti-
cizing effect on BIS-GMA than UDMA and BIS-EMA,
which could result in a synergistic effect of components
of BIS-GMA/TEGDMA organic matrix mixture on the
polymerization rate (Sideridou et al. 2002). Herculite
XRV Ultra contains a higher TEGDMA/BIS-GMA ratio,
which could enhance its flowable consistency (Alshali
et al. 2013). On the other hand, Z250 XT contains the
high molecular weight BIS-EMA monomer in addition to
BIS-GMA and UDMA monomers. BIS-EMA is a bulky
monomer with a stiff central phenyl ring core that might
enhance the mechanical performance of the material, yet
it can significantly restrict the mobility of UDMA mono-
mers and decrease their reactivity and ultimate conver-
sion value (Alshali et al. 2013).

Additionally, Herculite XRV Ultra has the least filler
wt% compared to Grandio and Z250 XT. Increasing the
filler wt% in the resin composite material resulted in a
decrease in DC% (Halvorson et al. 2009). Light penetra-
tion was found to be more in case of low-filled compos-
ites than denser ones. Light transmission within the resin
matrix could be considerably attenuated by the frequent
scattering caused by the densely distributed fillers within
the resin matrix of the resin composites (Turssi et al.
2005). Additionally, high filler load might have contrib-
uted to lower DC% values by decreasing the composite’s
translucency (Bucuta and Ilie 2014). Correspondingly,
Grandio resin composite exhibits the higher filler loading
among all tested resin composites. Increasing amounts
of the inorganic filler could increase the overall surface
area contacted by the polymerizing matrix phase. There-
fore, the polymer mobility in its immediate vicinity could
be restricted (Halvorson et al. 2009; Rastelli et al. 2012),
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reducing the linking potential between the polymer
chains which would finally result in lower monomer con-
version results (Shah and Stansbury 2014).

On the other hand, there was a statistically insignifi-
cant difference between Z250XT and Grandio in their
FS, which both materials showed a statistically significant
higher FS compared to Herculite XRV Ultra (Table 8).
According to Kim et al. (2002), the filler system charac-
teristics have a great influence on the different mechani-
cal properties of resin composites. Moreover, increasing
the filler content of a resin composite could lead to an
increase of the Young’s modulus, thus its resistance to
deformation improved (Beun et al. 2007). Generally,
strength and fracture energy increased by the presence
of a closely spaced disperse phase in a brittle material. In
addition, the presence of filler particles in the crack path
resulted in cracks pinning (Belli et al. 2014), which led
to a significant toughening mechanism in the nanocom-
posites (Albdiry et al. 2013). On the contrary, Park et al
2014, found a low correlation between FS and filler con-
tent, highlighting the fact that FS depended more on the
presence of internal defects such as cracks or voids that
were generated during manufacturing process of the den-
tal composites (Mecholsky 1995; Bona et al. 2003). Gran-
dio and Z250 XT contain higher filler wt% compared to
Herculite XRV Ultra, according to their manufactur-
ers. Furthermore, the presence of pre-polymerized fill-
ers in Herculite XRV Ultra might contribute to lower FS
of the material, which was observed in previous studies
(Randolph et al. 2016; Blackham et al. 2009). Pre-polym-
erized fillers lack active binding sites and are difficult to
silanize resulting in poor integration in the resin matrix
(Randolph et al. 2016). The bond between pre-polym-
erized fillers and the polymer matrix is thus regarded
as a weak spot, capable of causing reduction in strength
properties (Ferracane 1995). Grandio showed a higher
yet statistically insignificant difference when compared
to Z250 XT, which might indicate that the effect of its
higher filler wt% was offset by other factors. The pres-
ence of aromatic cycles in monomers like Bis-GMA and
Bis-EMA in Z250 XT composite, resulting in reduced
cyclization and increased cross-linking in the polymer,
hence the mechanical properties could be improved (Sid-
eridou et al. 2002). Moreover, the presence of zirconium
fillers and small sized filler particles might contribute
to increased mechanical strength due to increased filler
surface area to the filler particle content (Halvorson et al.
2009).

For the effect of factor storage time on the DC% of the
different resin composites, the results showed that both
3-m and 6-m storage time exhibited statistically signifi-
cant higher DC% values compared to 24-h storage time
(Table 5). An increase in the DC% was observed over
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time (Mohamad et al. 2007; Ghavami-Lahiji et al. 2018;
Tonetto et al. 2013), with the highest value was found at
7 days after the initial light curing of resin composites
post-curing (Tonetto et al. 2013). Leprince et al. 2009,
showed that the post-cure polymerization could start
within the 24-h following light curing, but it continued
in a slower rate. In this regard, the conclusion was raised,
which suggested that the polymerization reaction might
not be terminated by the end of the light curing cycle.
However, the residual radicals could convert the double
bonds over a prolonged time leading to an increase in the
DC% (Zissis et al. 2008). As the polymerization reaction
progresses, both propagation and termination reactions
became of limited diffusion due to the restriction of the
pendant groups’ mobility, which occurred via develop-
ing a highly cross-linked network polymer, in a process
known as auto-deceleration. As a result, some radicals
got trapped within the heterogeneous network and can
persist for extended periods (Burtscher 1993; Elliott et al.
2001). However, these trapped radicals could encounter
pendant groups with time, resulting in additional con-
version (Schneider et al. 2006). Moreover, there were
other ‘trapped’ active components in the polymer net-
work in addition to the free radicals, such as free mono-
mers, pendant double bonds, and photo-initiators that
might have a positive significant effect on the DC% of
the resin composites (Leprince et al. 2013). Final con-
version might therefore be controlled by diffusion limi-
tations of the reacting groups and not by the amount of
the uncured monomers (Lovell et al. 1999). In order to
drive small molecules to diffuse into the polymer matrix
and make such radicals able to react with any remain-
ing double bonds within the network, studies suggested
that inducing a swelling within the matrix of the tested
composites by a solvent, which could promote a diffusion
reaction and increased the mobility of the system (Lep-
rince et al. 2009, 2010; Truffier-Boutry et al. 2006). Neves
et al. (2013), compared the effect of water and ethanol
treatments, and they concluded that the reduction of the
residual monomer content was found to be higher with
ethanol solutions compared to water, which emphasized
the effect of the storage media on increasing the diffusion
reaction in the stored resin composite. Ethanol act as sol-
vent for resin monomer, and could successfully penetrate
the polymer matrix, expanding the space between poly-
mer chains and accelerated water sorption to the polymer
matrix. This could promote residual monomer diffusion
from the polymer (Fujii et al. 2002). The increased effect
of ethanol penetration into the polymer matrix could be
attributed to its solubility parameter value which was
found to be closer to that of the monomer than that of
the water solubility parameter. Correspondingly, the
higher proportion of ethanol in the used solution might
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lead to a more significant reduction of the residual mon-
omer content by diffusion (Neves et al. 2013).

Nevertheless, the results of the current study showed
that there was a statistically significant difference
between the three storage periods for the ES of the inves-
tigated composites. The 24-h revealed the highest mean
ES values, while 6-m showing the least statistically sig-
nificant values (Table 9). The deterioration tendency
of FS after storage in alcohol has also been observed in
previous studies (Schmidt and Ilie 2012; Drummond
et al. 2004; Zhang and Xu 2008), which could be related
to the increased solubility of the resin matrix in alcohol.
This could enable the solution to penetrate easier into
the matrix, thus allowed for greater access to the filler,
leading to their leaching and faster deterioration of resin
composites (Drummond et al. 2004; Schmidt and Ilie
2012). The FS is much more impaired by more eluted
monomers caused by the higher penetration capacity
of the alcohol (Zhang and Xu 2008). Moreover, nano-
sized fillers have large surface to volume ratio which
was observed to increase the water uptake of resin com-
posites (Curtis et al. 2008). This might contribute to the
great impact of the alcohol solution. On the other hand,
Schwartz and Séderholm (2004) have discussed the pos-
sibility that fine filler particles might attribute to a lower
plasticizing effect. The low inter-particle spacing present
between smaller particles might lead to a reduced dif-
fusion of plasticizing agents (Schwartz and Séderholm
2004). Sideridou et al. (2009) came in disagreement
with the results of this study, as they found that storage
in ethanol had no impact on the flexure strength of the
tested resin composites. Although one of their tested
composites was a nanohybrid one, its filler concentra-
tion (77 wt%) was lower than the filler concentration of
the resin composites used in this study. Another cause for
the disagreement was the storage time, which was from
3 to 6 times more than the storage time in the study of
Sideridou et al.

Composites with increased cross-link density and low
residual monomer have been shown to exhibit a greater
wear resistance, hardness, and flexural strength (Ferra-
cane et al. 1997; Ferracane and Greener 1986). Campos
et al. (2015), found that ionizing radiation can induce
a post cure reaction, which consequently resulted in
an increase in both the DC% and FS of resin compos-
ites. This was come partly in agreement and partly in
disagreement with the results of this study, as radiation
exposure did not affect the DC%, while it had a positive
significant effect on the FS. The DC% of resin compos-
ite system was generally believed to affect the mechani-
cal properties of resin composites (Prasanna et al. 2007;
Kriamer et al. 2008). There was a common assumption
that the higher the conversion of double bonds, the
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greater the mechanical strength of the resin composites
(Lovell et al. 2003). This was not confirmed in the present
study, as there was no significant correlation between
the DC% of the different resin composites and their FS
results (Pearson Correlation=0.188 and P=0.76). Vari-
ation in the relative amounts of different monomers in
the matrix could have a varying effect on the mechani-
cal properties of resin composites (Peutzfeldt 1997).
The amount of inorganic filler is a main determinant of
ES in the highly filled composite. For this reason, it was
reported that to compare the DC% and the FS, the tested
resin composites should contain the approximate amount
of filler (Lee et al. 2006).

Conclusions
Under the limitations of this study, the following conclu-
sions could be suggested:

1. Radiation exposure had no impact on the final DC%
of the investigated resin composites, while it had a
positive impact effect on their FS.

2. Resin composites with different filler loadings
affected the DC% and FS of the tested resin compos-
ites.

3. Storage in ethanol positively influenced the DC%, but
it weakened the tested resin composites mechani-
cally, as increasing the storage time in ethanol
induced further decreasing in the FS of the tested
resin composites.

Nevertheless, it becomes of importance to conduct
clinical studies to evaluate the effect of radiation expo-
sure, not only on the soft tissues and teeth, but also on
the performance of the existing restorations. This could
help clinicians to take the appropriate decision, whether
to replace the existing restorations after the exposure to
radiation in the head-and-neck region, or try to find a
more conservative way, as repair, to treat the failed ones.
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