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Abstract:

Objective: In vitro study to evaluate the water sorption and solubility behavior of
four types of resin composite materials of different filler loading.

Materials and methods: Four types of dental resin composites were used: Grandio,
Grandio Flow, Xtra- fill and Xtra Base composites. Eighty discs shaped specimens
were prepared of 15 mm diameter and T mm thickness. The discs were placed in
a desiccator and weighed followed by placement in distilled water and weighed to
obtain water sorption weight and finally placed again in desiccator to obtain the
final weight, Water sorption and solubility values were calculated by mathematical
equations from the different weights. Data was collected and statistically analyzed to
compare different materials behavior.

Results: No significant differences in water sorption and solubility testes were
observed.

Conclusion: Water sorption and solubility are two parameters that are affected by
the type and chemical composition of the material.
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Introduction:

Composite restorations are extensively
used types of restoration '. Though they have
many advantages, polymerization shrinkage is
considered a major disadvantage which might
lead to microleakage, debonding, secondary
caries and postoperative sensitivity 2. Bulk fill
composite material had been developed as
low shrinkage stress material . It can be placed
in thicker increment up to 4mm. Two types of
bulk fill composite have been introduced in
the market flowable type and higher viscosity
type bulk fill composite *.

Water sorption and solubility of resin
based materials are important characteristic
of composite resin, since they influence the
mechanical properties of the dental materials
and longevity of composite restorations 5. In
a wet oral environment, composites absorb
water and release unreacted monomers
and inorganic ions. The water uptake had
harmful effects on the mechanical/physical
properties of the material due to hydrolytic
breakdown of the bond between the silane
—filler particles, filler-matrix debonding or
hydrolytic degradation of the filler. In the
same time, residual monomers and other
components eluted from composites into the
oral environment, weaken their mechanical
properties . On the other hand, the absorbed
water may cause a hygroscopic expansion
of the composite that could compensate the
polymerization shrinkage and improve the
restoration seal 7. Moreover, water sorption
and solubility affect the strength, abrasion
resistance, volume, and color stability of resin
composites.

In order to maintain the composite
restoration material in the oral cavity for a long
duration, it is mandatory to study their water
sorption and solubility properties to be able to
predict their behavior in the oral cavity.
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Materials and methods: Four types of
dental composites were used: Grandio as
Conventional restorative composite, Grandio
Flow as Conventional flowable composite,
Xtra-Fill as Bulk fill restorative composite and
Xtra Base as Bulk fill flowable composite.

Specimen preparation:

A total of eighty discs shaped specimens was
prepared. Specimens were equally divided into
four groups according to type of dental resin
composite (20 specimen each). Disc shaped
resin composite specimens were prepared
using a split circular copper mold of 15 mm
diameter and 1 mm thickness according to
dimensions specified by (ISO FDIS 4049:2009).
The mold was placed over a glass slab covered
with celluloid sheet. The composite material
was packed against the celluloid sheet then
another celluloid sheet was placed on the
surface of composite followed by microscopic
glass slide as shown in figure (1). To obtain a
flat surface free of voids and extrude excess
material, a weight of 1 kg was placed over the
glass slide for 5 seconds as shown in figure (2).

After weight removal, each specimen was
light cured using LED light curing unit (Guilin
Woodpecker Instrument Co.,Ltd. Guangxi,
541004 PR. China) as shown in figure (3),
the intensity of light cure was periodically
checked using a radiometer (Model 100 curing
radiometer, Kerr, USA). Curing was done in
five overlapping sections to cover all specimen
diameter. Specimen curing started at the
center by placing light cure tip in contact with
glass slide and curing through the slide. This
was followed by four overlapping curing each
of 20 seconds according to the manufacturer’s
instructions as shown in figure (4). Glass slide
and celluloid sheet were removed. The mold
was disassembled and specimen was removed.
Excess material flashes were removed carefully
using Bard Parker blade number 11.
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Figure (1)

Figure (2)

Figure (3)

Figure (4)

Testing procedure:

The thickness and diameter of each
specimen were measured before testing
using a digital micrometer caliper (precision
measuring, china), with an accuracy of
0.0Tmm. Three measurements were taken and
the mean of each diameter and thickness was
recorded. The average volume (V) of samples
was calculated in cubic millimeters (mm3).

The sorption and solubility tests were
performed in compliance with the [SO
4049:2009 standards. The specimens were
inserted into a desiccator containing anhydrous
self-indicating silica. The temperature of the
incubator (incubator 20 litre, coated, analogue,
50 HZ. 2015) was adjusted first at 37+1°C
for certain time then the desiccator was
transferred to the incubator and maintained
at this temperature for 22 h. The samples in
desiccator were left at room temperature for
2 additional hours before any measures were
done. Specimens were then weighed to an
accuracy of 0.001 g, using a high precision
electronic balance with three digits (model
BS150, ST instruments, Taiwan). This cycle was
repeated until the mass loss of each specimen
was lower than 0.1 mg in two successful
days. For each sample, three measurements
were taken & mean of weight was recorded
as M1 which represents the initial mass of the
specimen and was expressed in micrograms

ug).

Each specimen was immersed in 10 ml
distilled water inside a glass jar to insure
complete immersion of specimens in water.
The glass jar was completely sealed and kept
in the incubator for 1 week at 37+1°C. After
completing the storage period, the specimens
were removed, gently dried with absorbent
paper for 15 seconds. After 1 minute from
removal from water three measurements were
taken and the mean of weight of specimens
was taken to obtain the mass M2.
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The specimens were reinserted in the desiccator and placed again in the incubator for another
cycle until they reached a constant weight in two successful days. Three measurements were
taken and the mean of weight was recorded as M3.

The values for water sorption (Wsp) and solubility (Wsl), expressed in micrograms per cubic
millimeter, were calculated using the following formulae:

Wsp=(M2- M3) /V
Wsl = M1-M3)/V

Statistical analysis:

Numerical data were explored for normality by checking the distribution of data and using
tests of normality (Kolmogorov-Smirnov and Shapiro-Wilk tests). All data showed non-normal
(parametric) distribution. Data were presented as mean, median, standard deviation (SD),
minimum, maximum and 95% Confidence Interval (95% Cl) for the mean values.

Kruskal-Wallis test was used to compare between the four groups. Dunn'’s test was used for
pair-wise comparisons when Kruskal-Wallis test is significant.

Results:

For water sorption results: Results showed that: Grandio Flow showed the highest median
and (range) of water sorption followed by Xtra Base followed by then Xtra Fill. The lowest median
water sorption was found with Grandio. However, there was no statistically significant difference
between median water sorption values in the four groups (P-value = 0.327).

Table (1): Descriptive statistics and results of Kruskal-Wallis test for comparison between water
sorption values (ug/mm?) in the four groups

95% ClI
Mean SD Median Minimum Maximum Lower User bound P-value
Group bound | PP
Grandio 32.2 10.8 29 18.5 55.5 25.9 38.4
Xtra Fill 28.2 7.2 29.5 12.4 36.5 24.2 32.2
i 0.327
SRR 351 | 159 | 348 16.3 71.1 28.3 45.9
Flow
Xtra Base 40.8 20.9 32.4 12.7 78.2 29.7 51.9

*: Significant at P < 0.05

For solubility results: Grandio Flow showed the highest median and (range) of solubility followed
by Xtra Base then Grandio. The lowest median solubility was found with Xtra Fill. However, there
was no statistically significant difference between median solubility values in the four groups
(P-value = 0.091).
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Table (2): Descriptive statistics and results of Kruskal-Wallis test for comparison between solubility
values (ug/mm?) in the four groups

95% Cl
Mean SD Median | Minimum Maximum Lower Upper P-value

Group bound bound
Grandio 15.3 9.9 12.9 3.9 32 9.6 21

Xtra Fill 15.4 9.1 12.1 4.1 30.7 10.3 20.4

i 0.091

Cizlnlie 23.5 9.7 26.4 5.6 44.7 18.1 28.9

Flow
Xtra Base 22.1 14.3 19.7 4.2 52.9 14.5 29.7

*: Significant at P < 0.05

Discussion:

As dental composites are used in humid oral environment, these materials are exposed to
saliva and water continuously. They are subjected to water sorption and desorption cycles during
function that had a negative effect on resin composite stability and mechanical properties.

In this study, four types of composite differ from each other in filler loading and types of
monomer in the resin matrix were compared. In this test the data had non-parametric distribution,
so we use the median values as our references and to represent the results and statistical data.

No statistically significant difference between median water sorption values in the four groups
used in this study. The differences in water sorption values might be attributed to variability in
polymers regarding microstructural and molecular aspects. Water sorption is influenced by the
polarity of the molecular structure, the presence of hydroxyl groups capable of forming hydrogen
bonds with water, and the degree of cross linking in the continuous matrix ® .The uptake of
water may result in an expansion of the gap between polymer chains, depending on the degree
of cross-link density in its structure. Water sorption values had a negative correlation with the
amount of filler content which is in line with previous studies °. When the weight percentage of
filler decrease, polymer matrix increased so water sorption increase. Another important factor is
the chemistry of the monomers. Water uptake is greater for composite resins containing higher
concentrations of hydrophilic TEGMDA monomer due to its hydrophilic ether linkages. ' These
two factors could explain the high water sorption results of Grandio Flow as the material has low
filler loading and high resin matrix content, in addition to its higher content of TEGCDMA.

Xtra Base had higher water sorption results than Xtra Fill and Grandio composites. This could
be explained by the amount of filler loading (75%) and resin matrix of the material which is
lower than that of Grandio (87%) and Xtra-Fill (86%). On the other hand, Alshali R., et. Al. ?,
Satterthwaite, et. Al. '" and Porto, et. Al. "> found that Xtra base had low water sorption values
due to its Bis-EMA hydrophobic monomer.

Xtra Fill had polymerization modulator chemical groups or plasticizers in their resin matrix
that reduce polymerization shrinkage stress '*. This chemical alteration may affect the quality of
polymer network of bulk fill material and its resistance to moisture compared to conventional
composite'. And this could explain the low values of Xtra Fill composite material.

The solubility behavior of dental materials is affected by the type and surface area of the filler
used, the particular silane treatment, the difference in the monomer structure, and the degree of
cross linking ®. The molecular size of the monomer is another important factor in the dissociation
of residual monomers, as the smaller molecules will decompose faster. Lower weight monomers
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can be decomposed in greater amounts than
higher weight monomers 6.

TEGDMA is a low molecular weight
monomer, which shows high mobility and
decomposes more quickly than larger
molecules, such as Bis-GMA . This might
explain the highest solubility values of Grandio
flow that has high content of TEGDMA
monomer.

On the other hand, the high solubility values
of Xtra Base could be attributed to the lower
filler loading (75%) of the material compared
to other tested material. This is against
Satterthwaite study "' that resulted low values
of Xtra base due to its Bis-EMA hydrophobic
monomer. The high filler loading of Grandio
composite might explain its low solubility
value compared to other composites. Also,
the presence of less hydrophilic Bis-GMA and
UDMA monomer may have added value in
the low solubility results of the material %19,

Xtra Fill composite showed significantly the
least solubility values. These results may be
attributed to higher amount of Bis-GMA, in
addition to the presence of micro-sized filler
particle sizes (2-4 um)®. This filler particle
size had lower filler-matrix interface surface
area which allowed better light transmission
and less light scattering through material
resulting in higher degree of conversion. Bulk
fill composite may contain polymerization
modulator chemical groups or plasticizers in
their resin matrix to reduce polymerization
shrinkage stress. This chemical alteration may
affect the quality of polymer network of bulk
fill material and its resistance to moisture
compared to conventional composite.

Conclusions:

Under the limitations of this study, the
following conclusions could be suggested:

The resin matrix and filler loading of
composite material might have an effect on
water sorption and solubility of the material.

Bulk fill

materials showed lower water
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sorption and solubility results which may be
attributed to their polymerization mechanism
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