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Pycnometer

Polymerization shrinkage may affect negatively the clinical outcome of the restoration. Hence
the present study evaluates the Polymerization shrinkage of 2 different posterior composites;
Filtek Z350(3M) and everX Posterior(GC), using a pycnometer.
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Independent Sample T-Test was used to determine statistically significant difference in
volumetric shrinkage among the tested composite resins. everX Posterior showed
comparatively less shrinkage than Filtek Z350; which can be attributed to the presence of
silanated e-glass fibres.

Introduction number of methacrylate groups that have reacted with
each other during conversion process. The shrinkage

suffered by the composite during curing ranges from 1.35%

Composite resins have traditionally been the preferred
material for aesthetic restorations. In the last few decades,

adhesive dentistry has evolved tremendously owing to the
development and incorporation of new initiation systems,
new monomers and filler technologies which help to
improve the physical properties of the materials [1].

Among the key factors related to the clinical outcome of
composite resin restorations; tooth interfacial seal,
restorative material quality and absence of micro leakage
play a very critical role [2,3]. This is largely determined by
the quality of bonding to tooth structures and the amount
of polymerization shrinkage of composite resin [4]. There
are other critical factors which are well known to
contribute to the quality of marginal sealing, key among
them being filling technique, configuration factor, bonding
system and modulation of light curing [5].

Polymerization of the material is determined by the degree
of conversion of monomers into polymers indicating the

to 7.1% [6]. The longevity and function of the restoration
depends on dimensional stability of composites. Dental
composite resins primarily consist of a dimethacrylate
resin filled with organic or inorganic filler particles and
upon cure the dimethacrylate matrix undergoes a
volumetric shrinkage [7]. As a result of this shrinkage,
contraction related stresses are generated within the
material, which in turn cause mechanical failure at the
composite tooth interface [8,9] or the formation of
marginal gaps permitting the ingress of bacteria into the
cavity. Thus low polymerization shrinkage is generally seen
asakey performance indicator for this material genre [10].

To bring about significant advances to improve the
properties of polymer matrix improvements in dental
composite properties have been brought about.
Composite materials in general can be either fibre or
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particle reinforced [11, 12]. Short fibre reinforced
composite (everX Posterior) was introduced as a
restorative composite resin [13]. It consists of a
combination of a resin matrix, silanated e-glass fibers and
inorganic particulate fillers [14, 15].

Auniversal demand for restorative material for all the types
of direct restorations including posterior teeth, resulted in
development of another category of resin composite called
nano filled composites; Filtek Z350 being one of them.
Filtek 2350 exhibits sufficient compressive strength and
wear resistance to justify their use in high stress-bearing
areas, such as the occlusal surfaces of posterior teeth [16,
17].

The present study evaluates the volumetric polymerization
shrinkage of these two posterior composite resins using a
Pycnometer.

Materials and Methods

Twenty samples of Composite resin were prepared; Group
1 consisted of 10 samples using Filtek 2350 XT Universal
(3M) and Group 2 consisted of 10 samples using everx
Posterior (GC). The tests were carried out in a standard
laboratory under controlled room temperature (23+3°C)
and relative humidity. The density of the material was
determined using a Pycnometer.

To perform the test, 1g of composite resin, as
recommended by ASTM: D792 specification[18], was
placed in a Teflon split mould and pressed manually with
two flat glass plates resulting in a thin disc (x2.0 mm thick).
The Pycnometer was filled with distilled water and placed
in a water bath until temperature equilibrium with the
water bath is obtained. The weight of the Pycnometer filled
with water is determined. After cleaning and drying the
Pycnometer, 1g of Composite material is added and the
combined weight of the specimen and the Pycnometer is
determined. The Pycnometer is now filled with water.
Finally the weight of the Pycnometer filled with water and
specimen is recorded. According to Puckett; Smith [19], no
alteration in the weight of resin occurs when they are
submerged in water for up to 2 minutes before
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polymerization.

Using the values of the weight obtained, specific gravity is

calculated using the formula;

Specific gravity = a
p gravity (b+a)-m

Where,

a=weight of the specimen

b=weight of the Pycnometer filled with water

m=weight of the Pycnometer containing the specimen and

water.

The specimen is removed from water, dried with absorbent
paper and then polymerized with a light-curing unit (Elipar
LED light curing unit) for 20 seconds. After polymerization
the same procedure as mentioned is repeated and Specific
gravity of the polymerized samples were obtained.

The volume of the specimens (pre and post-
polymerization) is calculated as follows;
Specific gravity = Density of the Specimen / Density of
water;
Where Density of water is a constant at 1gm/cm’

Volume of the specimenis calculated as;
Volume = Mass/ Density of the Specimen.

After obtaining the pre and post-polymerization volumes
of the specimens, the percentage of volumetric
contraction was calculated as follows:

Percentage shrinkage = (V1-V2/V2) x 100

Where,

V1 =Volume of unpolymerized resin;

V2 =Volume of polymerized resin

Independent Sample T-Test was used to determine
statistically significant difference in volumetric shrinkage
among the tested composite resins.

Results

Filtek Z350 presented higher polymerization shrinkage of
1.87% compared to everX Posterior which showed
shrinkage of 0.94%( p-value<0.01).
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N Mean SD | Mean difference (95% Cl) t df | p-value
Group 1 (Filtek Z350) 10 187 | 041 0.94 (0.66 - 1.21) 7.078 | 18 | <0.01*
Group 2 (everX Posterior) | 10 0.94 | 0.07

Table 1: Volumetric Polymerization Shrinkage

*p<0.05 statistically significant, p>0.05 non significant

Discussion

Despite continued advancement in adhesive dentistry,
polymerization shrinkage of resin composites still remains
a major challenge [20]. The polymerization shrinkage
produced in a given composite resin is known to be related
to the opacity, shade and composition of the composite
resin, exposure times of curing light used, incompatibility
between a photo-initiator system and spectral output of
the curing light, composite layer thickness and cavity
preparation geometry[21,22].

Polymerization shrinkage can gradually lead to marginal
microleakage caused due to the detachment of the
composite material from cavity margins. This allows the
passage of micro-organisms, molecules, fluids between the
cavo surface margin and the composite resin [23].
Microleakage of posterior composite restorations is a
matter of concern to the clinician, as it leads to secondary
caries, pulp pathology, staining at the margins of
restorations and hypersensitivity [24].

In the present study, polymerization shrinkage of two
dentin replacement composites were evaluated, namely; a
short fibre reinforced composite - everX Posterior and a
nanocomposite - Filtek Z350 XT Universal restorative
material using a Pycnometer.

The results obtained in the present study showed
polymerization shrinkage to be higher in Group I:Filtek
Z350 as compared to Group Il:everX Posterior. This can be
attributed to the reinforcement of short fibres in everX
Posterior. The fibre length plays an important role in a
restorative composite resin. According to Cheng TH et al
[25], the critical fibre length with Bis-GMA polymer matrix
varies between 0.5 and 1.6mm. In order for the fibre to act
as effective reinforcement for polymers, stress transfer
from the polymer matrix to the fibres is essential. This is
achieved by having a fibre length equal to or greater than

the critical fibre length [26, 27]. everX Posterior has a fibre
length of Imm to 2mm thus exceeding the critical fibre
length. This contributes to substantial improvementsin its
physical properties. During placement into the cavity, the
fibres orientate into a horizontal plane within the cavity.
Due to strong adhesion between resin and silanated fibres
in everX posterior the direction of the fibres minimizes
polymerization shrinkage.

The polymerization shrinkage of a composite resin is
inversely proportional to the monomer composition. The
monomeric composition of filtek 2350 is BisGMA, BisEMA
and UDMA, each of them being high molecular weight
monomers with high viscosity. Due to its high viscosity it
requires dilution with low viscosity dimethacrylates such as
TEGDMA, however as a result of the incorporation of
diluent monomers during polymerization the resin system
shrinks mainly because the intermolecular distance of the
monomer molecules in the network shortens when the
double bonds are polymerized to covalent main chain
bonds[20].

In the present study, the polymerization shrinkage was
measured using the pycnometer method as it is a simple
method for the measurement of polymerization shrinkage
of dental composite. This method involves measuring
density of the material by measuring its mass and volume.
Using mathematical formulas mentioned the change in
density and corresponding polymerization shrinkage was
calculated using the values of specific gravity obtained. This
method is based on the hypotheses of Archimedes's
principle which states that “a body immersed in a fluid is
subject to an upward force due to which its mass decreases
proportionally to the mass of the fluid it displaces”. The
change in density and corresponding polymerization
shrinkage was calculated.

Our study has demonstrated that short glass fiber
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reinforced composite resin everX Posterior showed lower
polymerization shrinkage compared to Filtek Z350. This can
be attributed to the strong adhesion between resin and
silanated e-glass fibers. Additionally the direction of the
fibres minimizes shrinkage in the horizontal plane after
placement. This could derive better performance and
durability in posterior restorations [28].

Conclusion

Within the limitations of this study, everX Posterior showed
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