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I . Introduction

Packable composites are the new class of resin
composites. They have a high viscosity, and a high
filler load and distribution make them comparable to
the conventional hybrid composites. Claims regarding
these materials are that they undergo less polymer-
ization shrinkage and they are able to substitute
amalgam in stress—bearing posterior restorations.
Like many composites, packable composite resins are
light polymerizable. Polymerization is a process
where the monomer molecules placed at ‘van der
Waals' radius converse into a polymer network of co-
valent bonds. A closer packing of the molecules leads
‘to bulk contraction or polymerization shrinkage due
The
polymerization shrinkage is inherent in the monomer-

to the shortening of the final polymer network".
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based composites®.

The pointed variables that influence polymerization
shrinkage were the size of the monomer molecules,
the volume of filler, the degree of polymerization,
and the type of resin composites?. Polymerization
shrinkage depended on the mixture of Bis-=GMA and
the amount of diluting monomers. Since each
monomer has a different molecular weight, the differ-
ence of the type and polymerization chemistry will
affect the polymerization process.

The filler volume fraction, filler size, and filler load
level of the composites were in correlation with the

material strength, elastic modulus, and fracture

*5 A positive correlation between the mi-

toughness
crohardness (Hv) and inorganic filler content was re-
ported®. Increased filler levels resulted in an in-
creased microhardness value”. Fillers in composites
are solid and free from contraction:; nevertheless,
since the volume of the filler determines the remain-
ing volume of organic resin matrix, the magnitude of
the polymerization shrinkage is also affected by the
filler content.

To determine the degree of polymerization shrink-



age, various devices have been utilized®®. Since the
determination of shrinkage, however, was based on
the free shrinkage-strain measurements, the mea-
surements of the composite linear shrinkage are
quite varied™.

As a result of polymerization shrinkage, the stress
from shrinkage-strain can cause many clinical prob-
lems such as the opening of restoration margins that
can result in microleakage, caries recurrence,
debonding, and postoperative pain**”. In addition to
the polymerization shrinkage, cyclic temperature
changes in the oral cavity according to eating, drink-
ing, and breathing can affect the bond at the tooth-
restorative interface and gap dimension due to the
differences of thermal expansion''?.

The purpose of this study was to investigate the
polymerization shrinkage and microhardness of pack-
able composites. Conventional hybrid resins were al-
so tested for comparison.

I . Materials and methods

For the study, two packable resins and two con-
ventional hybrid resins were used and their charac-
teristics were listed in Table 1. To measure the sur-
face microhardness before and during the thermocy-
cling process, a Vickers hardness tester (FM-7, FU-
TURE-TEC Inc., Japan) was utilized. Seven samples
for microhardness from each resin product were pre-
pared by placing the resin into an acrylic ring mold
(7 mm in diameter and 1 mm in depth) and covered
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with a thin glass slide. The glass slide was firmly
pressed to ensure a flat surface. The sample was
light polymerized with a 700 mW/cm?® light intensity
for 40 seconds. The prepared samples were kept in a
dark container for 24 hours prior to taking the mea-
surements.

1. Microhardness test

After 24 hours, the microhardness of the surface
was measured using a hardness tester. Two indenta-
tions were made on the surface with a 200-g load
and a 15-second dwell time. During the themocycling
process, the measurements were performed repeated-
ly using the same samples after 2000 and 5000 cy-
cles.

Each measurement was performed near the previ-
ously measured position after the removal of samples
from the water bath and removing the remaining wa-
ter. The measured samples were immediately im-
mersed in the water bath and thermocycled between
47T and 60C with a dwell time of 30 seconds in each
bath.

2. Polymerization shrinkage measurement

For the polymerization shrinkage measurements
(n=5) during the light curing process, a linometer
(RB 404, R&B Inc., Daejon, Korea) .was utilized.
This system is composed of a sample holder, curing
light, shrinkage sensing part, software and comput-

Table 1. Characteristics of the packable resins tested in this study

Material Composition Fi(ﬂei" ;z;))e Filler content Batch Manufacturer
: Nelo7 3 X
FP Bis-GMA, Bis-EMA, zirconia/silica 62 20030129 3M
UDMA
PD Bis-GMA, TEGDMA, Ba-Al-borosilicate 5925 310697 Kerr
EBADM glass
SF Urethe.me modified Ba—F—Al—boro.sﬂlcate 60.3 20297 Dentsply/Caulk
Bis-GMA glass, silica
SN Bis-GMA,, Bis-EMA, Ba-Sr-Al-borosilicate 511 MF542 Coltene/Whaledent
TEGDMA glass

FP: Filtek P60: PD: Prodigy: SF: SureFil: SN: Synergy
* 1 According to the calculation of Braem et al”.



J Korean Acad Pediatr Dent 31(3) 2004

er. The sample resin is located between the slide
glass and aluminum disc on the sample holder. A
teflon (polytetrafluoroethylene, PTFE) mold (1.5,
2.5, and 3.5 mm thickness with an inner diameter of
4 mm) was placed over the aluminum disc and the
sample resin was transferred to the teflon mold. To
facilitate the measuring process, Vaseline was coated
slightly onto the disc. After filling the resin fully, the

Table 2. Microhardness (Hv) for different thermocycling
number

0 2000 cycle 5000 eycle
Filtek P60  77.33£0.93 69.12+£1.26 65.85+0.72
Prodigy 50.36£1.00 47.81+0.98 51.83+0.64
SureFil 67.056£0.72 6096*t1.63 59.78+1.33
Synergy ~ 47.55+0.48  44.05+0.90 45.72+0.73
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Fig. 1. The shrinkage profiles of 1.5 mm sample.

Table 3. Polymerization shrinkage (#m) for different thick
samples

Polymerization shrinkage (#m)

' Sample A Sample B Sample €
Filtek P60 9.5+1.3 10.2+0.9 16.2+1.2
Prodigy 17.56+0.6 21.2+15 28.0+2.3
SureFil 6.0+0.8 12.0+14 14.0£0.0
Synergy 21.0+1.7 21.0+0.8 24.0+14

Sample A: 1.5 mm thick sample: Sample B: 2.5 mm thick

sample; Sample C: 3.5 mm thick sample
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teflon mold was removed. A slide glass was then se-
cured over the resin. The probe of the curing light
unit (CuringLight XL3000, 3M, St. Paul, USA) was
in contact with the slide glass. Before the light cur-
ing, the initial position of the aluminum disc was set
to zero. The light was irradiated from the unit with a
700 mW/cm? light intensity for 40 seconds. As the
resin polymerized, it shrunk toward the light source
and then the aluminum disc under the resin also
moved toward the light source. The amount of disc
displacement that occurred due to the polymerization
shrinkage was auto scaled by the non-contacting in-
ductive gauge for 300 seconds. The used shrinkage
sensor is a non-contacting type and resolution is 0.1
#m with a 100 pm measuring range.
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Fig. 2. The shrinkage profiles of 3.5 mm sample.

80 - 80
& for microhardness Filtek P60 4
@  for palymerizati rinkag
70 w for polymerization shrinkage 7 F70
= SureFil
E
3 604 60 s
s Prodigy T
§ 50 Smergy 50 &
0
= g
£ 40 Lo 5
5 £
;g 30 . 30 ©
N . R=-0.90, p<0.09 §
g2 = 20
= &
@ 10 4 R=-0.94, p<0.0° 10
@ for 3.5 mm thick samples v
¥ for 1.5 mm thick samples
o T T T o

T T T
50 52 54 56 58 60 82
Filler content (vol%)

Fig. 3. The correlation between filler content and
polymerization and microhardness among the tested
samples.



II. Results

1. Microhardness test

Table 2 shows the mirohardness of samples for the
different stages of thermocycling. Filtek P60 and
Synergy showed the highest (77.33+0.93) and low-
est (47.55+0.48) values, respectively. After 5000
thermocycles, Filtek P60 and SureFil showed a
greater microhardness decrease (14.8% and 10.8%)
than Prodigy and Synergy.

2. Polymerization shrinkage measurement

Fig. 1 and 2 show the linear shrinkage profiles of
samples during a 300-second period in a different
sample thickness. Shrinkage had rapidly increased
during the first 40-second period, the time required
for light curing, and then it reached a plateau.
SureFil and Synergy showed the least and the great-
est amount of shrinkage, respectively, in a 1.5 mm
sample. Table 3 shows the polymerization shrinkage
(#m) of samples, for 300 seconds, during and after
polymerization of different thicknesses. In a 1.5 mm

.sample, SureFil and Synergy showed 6 and 21 #m

shrinkage, respectively. Fig. 3 shows the relation-
ships between the filler content (vol%), polymeriza-
tion shrinkage (#m), and microhardness (Hv). There
was an inverse linear correlation between polymer-
ization shrinkage and filler content. The linear corre-
lation (R=0.98) between the microhardness and
filler content was found in the tested samples.

V. Discussion

Regarding polymerization shrinkage, several fac-
tors are known to influence the shrinkage process.
The chemistry of the resin matrix is one factor*',
From the composition in Table 1, TEGDMA was ob-
served in the conventional composite resins: Prodigy
and Synergy. TEGDMA is a monomer of lower molec-
ular weight compared to Bis-GMA and 1t is used to
dilute high-viscous Bis-GMA in order to assist the
dentist. The molecules of a monomer, placed equidis-
tantly by the van der Waals' force, are linked with
a covalent bonding to form a polymer network. The
covalent radius is about one third of the van der
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Waals s radius. Thus, the magnitude of shrinkage is
dependant upon the degree of conversion and the
size of the monomer. Adding a monomer of lower
weight molecules to lower the viscosity can increase
the polymerization shrinkage. The composition of
SureFil is urethane modified Bis-GMA. This
monomer has a high molecular weight and a lower
viscosity compared to Bis-GMA. A lower viscosity im-
plies greater mobility. Polymerization, with less
shrinkage, was achieved by the combination of these
two characteristics. The UDMA monomer in a Filtek
P60 is contained to dilute Bis-GMA instead of
TEGDMA. The UDMA monomer has a high molecu-
lar weight with a lower viscosity. The Bis-EMA
monomer is non-hydroxylated homologues of Bis-
GMA. This monomer minimizes water sorption of the
resin matrix. This combination of new monomers
probably lowered the polymerization shrinkage in a
Filtek P60. Polymerization shrinkage is also affected
by the filler content. Filtek P60 and SureFil showed
similar but a higher filler volume (~62 vol%) than
the two other composites (~52 vol%). Since a higher
filler volume indicates a lower resin matrix volume,
less polymerization shrinkage can be achieved due to
a decrease in polymerizable resin volume.

The temperature changes in the oral cavity are
routine. The local temperature change in the oral
cavity generates a temperature gradient in the local
lesion and forms thermal stress. The thermal stress
can affect the dental cavity which is filled by dental
restorative material. Since the dental restorative ma-
terial and teeth have different thermal expansion
properties, any microdeformations can be formed in
the interface. Further thermal stimulation can in-
crease the formed microdefects and induce crack
propagation through the bonded interfaces''?.
Microgaps can also be formed in the dental cavity
due to the polymerization shrinkage of the restora-
tive material.

The microhardness test is an important way of
evaluating the degree of polymerization. A positive
correlation has generally been established between
the microhardness and the inorganic filler content
(vol%) of resin composites®®. In our study, the same
linear positive correlation (r=0.98, p{0.05) was
found among the tested resins. Filtek P60 and
SureFil showed approximately 34-60% higher micro-



J Korean Acad Pediatr Dent 31(3) 2004

hardness values than Prodigy and Synergy, even
though their filler conent(vol%) were approximately
20% greater than those of Prodigy and Synergy. The
highest microhardness value of Filtek P60 may be
attributed to the highest filler content (wt% or vol%)
and harder filler particles: zirconia/silica. It is inter-
esting to note that during the thermocycling process,
only Filtek P60 and Surefil showed a significant de-
crease in microhardness: 14.8 and 10.8%, respec-
tively, after 5000 thermocycles. Prodigy and Synergy
showed negligible microhardness change. The great-
est microhardness decrease in Filtek P60 may be due
to the high content of silica among the tested materi-
als. Water sorption during the thermocycling process
results in swelling of the resin matrix and it intro-
duces tensile stress at the filler-resin interfaces. Also
it strains the Si-O-Si bond in the inorganic fillers.
The high energy arising from the strained Si-O-Si
bonds makes the fillers more susceptible to stress
and probably weakens the hardness of the surface. In
the case of SureFil, it contains a small amount of sil-
ica (1~2 wt%). The weakness of the surface micro-
hardness after the initiation of the thermocycling
process is probably attributable to the dissolution of
fluoride. SureFil is a fluoride-containing composite
resin. During the process, the release of fluoride and
ions with surface degradation can be expected'”.
Through the open structure, water sorption and solu-
bility may increase, thus resulting in the decrease of
microhardness. An insignificant change of microhard-
ness in Prodigy is probably related to the lower sili-
con content. The silicon contained in Synergy is hy-
drophobed. Furthermore, since Bis-EMA minimizes
water sorption in the resin matrix, subsequently,
there is little change in the level of microhardness in
Prodigy and Synergy.

V. Conclusions

Packable composites are the new class of resin
‘composites with a high viscosity and high filler load.
Due to these features, packable composites are
claimed to undergo less polymerization shrinkage and
are a potential substitute for amalgam. Two packable
resins (Filtek P60 and SureFil) were used to test
their surface microhardness and morphology before
and during the thermocycling process. Polymerization
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shrinkage was measured during and after the light-
curing process. The required results were compared
to the results obtained from the two conventional hy-
brid resins (Prodigy and Synergy).

Each tested sample showed very different micro-
hardness values and among them, packable resin
samples showed higher microhardness values than
the hybrid resin samples. Filtek P60 and Synergy
showed the highest and lowest values. After 5000
thermal cycles, Filtek P60 and SureFil showed the
greatest microhardness decrease (14.8% and 10.8%)
compared to the microhardness values before the
thermocycling process. On the other hand, Prodigy
and Synergy showed negligible hardness change com-
pared to their original values. Among the tested
resins, a linear correlation was found between micro-
hardness and filler content (vol%). The tested resins
showed rapid polymerization shrinkage during the
first 40-second period, the time required for light
curing, and then reached a plateau. Filtek P60 and
SureFil showed less shrinkage than Prodigy and
Synergy. There was an inverse correlation between
polymerization shrinkage and filler content.
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Abstract

A STUDY OF MICROHARDNESS AND POLYMERIZATION
SHRINKAGE OF PACKABLE RESINS

Deok-Il Son, Soon-Hyeun Nam, Hyun-Jung Kim, Hyo-Joung Seol”,
Yong- Hoon Kwon*, Hyung-Il Kim*, Young-Jin Kim

Department of Pediatric Dentistry, College of Dentistry, Kyungpook National University,
Department of Dental Materials, College of Dentistry, Pusan National University*

Packable resins have been introduced in the market with high expectations as an alternative to amalgam.
They are characterized by a high-filler load and a filler distribution that gives them a different consistency com-
pared with the hybrid resins. The effect of high filler load on the microhardness and polymerization shrinkage of
packable resins was tested. Hybrid resins were also tested to compared with the packable resins. As a result,
packable resins showed a much greater microhardness value than hybrid resins. All the tested resins have a cor-
relationship with the microhardness and filler content (vol%). The packable resins showed much less polymer-
ization shrinkage than hybrid resins. The filler content and polymerization shrinkage were inversely correlated
in the tested resins.

Key words : Packable resin, Microhardness, Polymerization shrinkage

540



