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ABSTRUCT

Aims: The aim of this study was to investigate the effect of storage time (immediately after
polymerization and after one month of artificial saliva storage) on the degree of conversion (DC) of
restorative type of light cured dental materials. Materials and Methods: Sixty samples of polyethylene
molds were prepared. The samples were divided into three groups each of 20. The first group was filled
with Composite resin, second group was filled with Compomer and the third group was filled with
Resin modified glass ionomer cement (RMGIC). Each group was subdivided into two subgroups; each
of ten according to storage time: The DC was tested for the first subgroup immediately after
polymerization, while the DC of the second subgroup was tested after one month of storage in artificial
saliva. The DC was investigated by Fourier-transform infrared spectroscopy (FTIR). Results: ANOVA
test was used for statistical analysis. The results showed that there was a significant difference (p<0.05)
in DC between the subgroups tested immediately after polymerization and the subgroups tested after
one month of artificial saliva storage for Composite resin and Compomer. While RMGIC showed no
significant difference (p>0.05) in DC between the subgroup tested immediately after polymerization
and the subgroups tested after one month of artificial saliva storage. Conclusions: One month storage
time has an effect on the DC of Composite and Compomer, but it has no effect on the DC of RMGIC.
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INTRODUCTION
There are two main basic types of direct
aesthetic dental restorative materials:
composites and glass ionomer cements .
There is an increasing use of polymer
based composites in the restoration of
cavities with the newly developed
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dimethacrylate monomers. A conversion
of aliphatic carbon double bonds of the
monomers to single bonds of polymer
during polymerization is known as degree
of conversion (DC). ldeally, the dental
restorative resin have all of its monomer
converted to polymer. However all
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dimethacrylate monomers exhibit
considerable residual unsaturation in the
final product. The DC ranges from 55% to
75% under conventional irradiation
conditions 3%

There are few factors which affect the
DC namely, curing time, light irradiation,
light curing unit and irradiation distances.
It is also known that polymerization
reaction of light-activated composites
continues even after the end of light
irradiation ®®. The degree of conversion
affects many  properties including
mechanical properties, solubility,
dimensional stability, color change and
biocompatibility of the resin materials 2.
The unreacted double bonds may either be
present in free monomer or as pendant
groups on the network. The unreacted
monomer may leach from the polymerized
material and irritate the soft tissue .

Conventional glass ionomer cements
have been used in dental practice since
their discovery. GICs are hybrid of silicate
(clg)ment and the polycarboxylate cements

RMGIC have been defined as glass-
ionomer cements that are modified by the
inclusion of resin monomers®®. In these
materials, visible light curing of double
bonds is coupled with the polyacid matrix
of conventional glass-ionomer. The
composition of resin-modified glass-
ionomer is variable but typically it consists
of vinyl-modified polyalkenoic acid, a
water soluble methacrylate such as
hydroxyethyl methacrylate, and ion-
leachable glass and water . The setting
reaction of these materials includes a
radical chain polymerization and an acid
base  cross-linking  reaction.  The
polymerization can be produced by either
a chemical mechanism, with a thermal
activated initiator, a photochemical
mechanism with a photoinitiator activated
by visible light (usually in the 400-500 nm
wavelength range), or simultaneous
presence of both initiators™.

Since 1993, new materials known as
modified polyacid composite resins or
compomers have been appeared in the
markets. Compomer contains polyacid-
modified monomers  with  fluoride-
releasing silicate glasses and are
formulated without water @, The
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compomers are hydrophopic resins by
definition they contain polyacid side
chains that are attached to one or more of
their methacrylate monomer. They rely
primarily on the light initiated free radical
polymerization mechanism for curing.
They are made of an acid-base reaction
with a glass ionomer powder, which may
also contain conventional composite glass
filler. They work by absorbing water
which expand the restoration over time.
This absorbed water can then cause an
acid-base reaction between the polyacid
side chains of the resin matrix and the
glass ionomer filler ™. Initial setting is by
light-activated addition polymerization
and this is followed by an acid-base
reaction that arises from sorption of water
in situ @©,

Among the different methods of
determining the transformation of many
reactions and the degree of chemical
conversion,  Fourier-transform infrared
spectroscopy (FTIR) has proven to be a
powerful technique for detecting the
replacement ratio between C=C and C-C
in methacrylate groups, as well as the
COOH/COO" exchange in acid-base
reactions 719,

The purpose of this study was to
investigate the effect of storage time in the
degree of conversion (DC) of light cured
restorative dental materials.

MATERIALS AND METHODS

The light cured dental materials used
in this study were Glasiosite Caps A2
(Compomer restorative material)
(VOCO/Cuxhaven, Germany), Te-
Econom A2 (Composite resin restorative
material) (Ivoclar Vivadent) and Vivaglass
Liner (Resin modified glass ionomer
cement (RMGIC) restorative material)
(Ilvoclar Vivadent). The light curing units
used in this study was: a conventional
QTH (Astralis, VIVADENT, Austria).
Sample Distribution:

Sixty samples were prepared and
divided into 3 groups according to
materials: Composite resin (20 samples),
Compomer (20 samples) and  Resin
modified glass ionomer (20 samples), then
each group  was subdivided into 2
subgroups according to storage time, half
of samples (10) were tested to assess the



Effect of Storage Time on the Conversion of Dental Materials

degree of conversion immediately after
polymerization and another half (10) was
after one month storage in artificial saliva.
The final number of subgroups was six
subgroups.

Specimen preparation

To determine the degree of conversion
(DC), samples were prepared using a
polyethylene mold (Figure 1) (5 mm in
diameter and 1 mm in height) placed on
glass slab.

Glasiosite Caps (Compomer) and Te-
econom (Composite) were directly applied
into the mold, while Vivaglass liner
(RMGIC) was placed into the mold after
mixing the material in a powder/liquid
proportion of 1.4g/1.0g according to
manufacture instruction. Ten samples were
prepared for each group. After placing the
materials into the mold a celluloid strip
was placed over the material and pressed
with glass slide to remove any excess then
glass slide was removed, to allow direct
contact of the light curing tip with the
prepared sample (with the exception of the

thickness of celluloid strip). The
specimens of Composite resin and
Compomer were polymerized for 20

seconds with the curing units according to
the manufacturers’ instructions, and the
specimens of RMGIC were polymerized
for 30 seconds according to the
manufacturers’ instructions. The light
outputs of the curing units (530mW/cm?)

Figure(1): Polyethylene mold and sample.

radiometer (Cromatest 7041, Megaphysik,
Germany).

The subgroup which was tested for
degree of conversion after one month was
stored in light-proof box containing an
artificial saliva solution (Carboxy methyl
cellulose, Sorbitol, KCI, NaCl, MgCl,
CaCL,, Dipotasium hydrogen phosphate
and Distal water) to avoid further exposure
to light irradiation.

Each specimen was individually
pulverized into fine powder with a mortar
and pestle (DERFLA, Germany), then the
powder was mixed with  potassium
bromide powder at a weight percentage of
1:5. This mixture was poured into a metal
mold and compressed into a disc shape by
pressure device (Bruker-TENSOR,
Germany) at a load of 10 tone, and the
samples become ready for measurement.
While the uncured samples were prepared
by placement on a special cell supplied by
manufacturers of FTIR, and becomes

were measured before each testing ready for measurement “2°? The spectra
procedure using a digital curing of the materials were obtained (Fig 2)
©
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Figure (2): spectra of IR obtained
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The number of double vinyl bonds
remaining in the sample exposed to
irradiation is shown by the intensity of the
peak at 1637 cm™ referring to the C=C
streching of vinyl the group and have been
used the study of polymerization of
acrylates and methacrylates®. DC was
calculated using the following equation:

RESULTS
Descriptive statistic including mean
value of the degree of conversion (DC),
standard  deviation, standard error,
minimum and maximum value of the
degree of conversion and number of
samples are shown in Table (1). The

DC=((Ao-A)/A,)x100 mean values of the degree of
where A, is the peak area of the conversion for all groups are shown in
uncured dental material, A; is the Figure (3)

absorption of the peak immediately after
polymerization and after the one month
storage period ©%%%).

Table(1): Descriptive statistic include Mean, Standard Deviation, Standard Erorr, Minimum,
Maximum, and number of groups utilized in Degree of Conversion

Descriptive statistics

95% Confidence
Materials Groups N  Mean Std Std interval for mean ~ Minimum Maximum
Deviation  Error | ower Upper
Bound Bound
Composite I 10 77.0640 3.1644 1.0007 74.8003 79.3277 72.30 81.00
resin S 10 85.5600 2.3618 0.7469 83.8705 87.2495 82.50 89.20
Total 20 813120 5.1362 1.1485 78.9082 83.7158 72.30 89.20
Compomer | 10 79.2940 5.0904 1.6097 75.6526 82.9354 71.07 84.10
S 10 70.0120 7.7639 2.4552 64.4580 75.5660 57.40 79.30
Total 20 74.6530 7.9687 1.7818 70.9236 78.3824 57.40 84.10
RMGIC | 10 95.0200 5.1884 1.6407 91.3084 98.7316 90.00 100.00
S 10 96.9900 4.8237 1.5254 93.5394 100.4406 90.00 100.00
Total 20 96.0050 4.9794 1.1134 93.6746 98.3354 90.00 100.00
I=degree of conversion immediately after polymerization.
S=degree of conversion after one month storage.
1000 | ——_ N
80" — —
60 i —
r---_____r_______
Comp.site Compomer !
resin RMGIC
B DCmean value immediately after
polymerization
Figure (3): showing the DC mean values
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One way analysis of variance
ANOVA test (Table 2) was performed
for each material utilizing SPSS

statistical software (SPSS, version 9.0,
SPSS Inc., USA).

Table(2):One Way ANOVA Test showing the effect of storage time on the degree of
conversion of Composite, Compomer and Resin modified glass ionomer.

Statistics
Materials Groups Sum of df Mean F Sig.
Squares Square
Composite  Between Groups 360.910 1 360.910 46.295 0.000
resin Within Groups 140.325 18 7.796
Total 501.235 19
Compomer  Between Groups 430.778 1 430.778  9.996 0.005
Within Groups 775.711 18 43.095
Total 1206.489 19
RMGIC  Between Groups 19.404 1 19.404 0.773 0.391
Within Groups 451.685 18 25.094
Total 471.089 19

All statistical analyses were considered
significant at P<0.05.

Analysis of variance ANOVA showed
that there were significant differences
between DC of Composite resin tested
immediately and after one month (p <
0.05). The DC increased after storage.

Analysis of variance ANOVA showed
that there were significant differences
between DC of Compomer tested
immediately and after one month (p <
0.05). The DC value decreased after
storage.

Analysis of variance ANOVA showed
that there were no significant differences
between DC of samples of RMGIC tested
immediately and after one month (p >
0.05).

DISCUSSION

Several techniques have been reported
to determine the degree of conversion in
resins. But, infrared spectroscopy has been
most widely used for measuring the
unreacted monomers in resin materials
since Ruyter and Gyorosi®.

The physical and  mechanical
properties of resin composites are strongly
influenced by the degree of conversion,
defined as the percentage of reacted
aliphatic  C=C  bonds from the
dimethacrylate monomers present in their
polymeric matrices. Thus, the extent of

this response plays a crucial role in the
clinical performance of resin composite
restorations ?”.  Increasing conversion
produces higher surface hardness, greater
flexural strength and modulus, improved
fracture toughness enhanced diametral
tensile  strength, and higher wear
resistance®. Incomplete  conversion
results in residual, unreacted monomer.
This material and unreacted photoinitiator
(and its photoreactive products) can be
leached into saliva, producing allergic
reactions or stimulating growth of bacteria
around restoration®®. Unreacted
monomers also act as plasticizers reducing
restoration mechanical strength and
increasing swelling ©?.

The DC mean values observed in this
study were high. This high degree of
conversion may be due to thin increment
of the sample (Imm). Another possible
reason to explain the high DC values seen
in this study can be related to the heating
delivered by QTH light curing unit used in
this study. QTH unit generates heat (which
is a major disadvantages of it), this heat
produced in the 20 seconds curing
procedure may raise the temperature of the
restoration. Lovell et al (2003)®" pointed
out that a greater monomer conversion
would be caused by a combination of both
light energy and thermal effects. In
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addition, it may be due to the adequate
intensity (530mW/cm?) of light curing
unit which used in this study.

Statistical analysis showed that the DC
value of composite increased with storage
for one month and this increase was
statistically significant (p<0.05). This is
because polymerization reaction of light-
activated composites continue to proceed
over a time even after the end of light
irradiation and the DC showed a gradual
increase after light exposure @. This
result agreed with Gahse et al ( 2002) ©?
showed that after one month of water

storage, a significantly  increased
conversion rate was observed with resin
composite.

Another reason for increased DC of
composite after one month storage may be
due to temperature. The samples were
stored for one month at constant room
temperature  (26°C+1°C), which was
measured by a thermometer in the room.
This temperature may enhance radical
mobility resulting in additional
polymerization and higher conversion. As
composite temperature is raised (more
than 22°C), additional free volume
increase giving trapped radicals increased
mobility, resulting in further
conversion®. Radical mobility increases
with  temperature, and  additional
polymerization ensues as a result of
lowerd system viscosity %37

The result shows that there were
significant differences between DC values
of Compomer tested immediately and after
one month (p<0.05). The DC value
decreased after storage. Initial setting of
compomer is by light activated addition
reaction followed by an acid base reaction
that arises from sorption of water in situ.
Compomer have been reported to undergo
more water absorption than composite °.

The decrease in DC of Compomer
with time may be due to water absorption.
Under wet storage, the decrease in degree
of conversion of compomer may be
attributed to water absorbed in the
Compomer, which may have poisoned the
post-polymerization®. Compomer
contain additional monomer that differ
from those in composite which contain
acidic functional groups ®¥. The use of
the acidic-resin  monomers led to
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significant differences in the degree of
conversion, higher acid numbers and thus
higher potential for hydrogen bonding,
more water may have been absorbed faster
into these composites®.

Statistical analysis showed that there
were no significant differences between
DC values of samples of RMGIC tested
immediately and after one month (p>0.05).
RMGIC appeared to be the most
chemically stable. Two types of setting
reactions take place in this material: acid-
base reaction and light activated free
radical chain polymerization ©®. In this
study the RMGIC showed high DC mean
value reach to 96.9 . These materials are
polymerized initially more rapidly due to
the addition of chemical cure initiators®,

CONCLUSION:

One month storage time, increased the
DC of composite resin, but decreased the
DC of compomer, and it has no effect on
the DC of RMGIC. From clinical point,
the mechanical and physical properties of
composite resin restoration better than
compomer restoration after one month of
storage.
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