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ABSTRACT

Hybrid type of composite resins is used as dental restorative materials in a wide cavity directly or
indirectly. The mechanical properties of the composite resin would increase post curing. The purpose of
this study was to determine the differences between the compressive strength of hybrid type composite
resin post-curing using LED light box and dry heating. This type of research was a quasi-experimental in
vitro with the sample size of 30 samples which were divided into two groups. Each sample was tested
using a Universal Testing Machine (Lloyd) at a speed of 1 mm/minute to test the compressive strength.
Compressive strength values were recorded when the sample broke. The average value of compressive
strength of the two treatment groups were statistically calculated using t-test. The results of this study
showed that a hybrid composite resin with post curing using a light box with LED was at 194.138 Mpa
which was lower than using the dry heat of 227.339 Mpa. It showed the statistically significant difference.
The conclusion of this study was that the compressive strength of post-cured hybrid composites using a
light box with LED was significantly lower than the post-curing using dry heat.
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ABSTRAK

Resin komposit tipe hybrid sering digunakan sebagai bahan restorasi gigi pada kavitas yang luas,
secara direk maupun indirek. Sifat mekanis resin komposit akan meningkat jika dilakukan post curing.
Tujuan penelitian ini adalah untuk mengetahui perbedaan compressive strength antara resin komposit
tipe hybrid post curing menggunakan light box dengan LED dan pemanasan kering. Jenis penelitian ini
adalah eksperimental semu secara in vitro dengan jumlah sampel 30 buah yang dibagi menjadi dua
kelompok. Tiap sampel diuji menggunakan universal testing machine (LLOYD) pada kecepatan 1 mm/
menit untuk menguji compressive strength. Nilai compressive strength dicatat saat sampel pecah. Nilai
rata-rata compressive strength kedua kelompok perlakuan dihitung secara statistik menggunakan uji t-
test. Hasil penelitian ini memperlihatkan resin komposit hybrid dengan post curing menggunakan light
box dengan LED sebesar 194,138 MPa lebih rendah daripada dengan pemanasan kering sebesar 227,339
MPa yang secara statistik menunjukkan perbedaan yang signifikan. Simpulan dari penelitian ini adalah
compressive strength pada komposit hybrid post curing menggunakan light box dengan LED lebih rendah
secara nyata dibandingkan post curing menggunakan pemanasan kering.
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INTRODUCTION

Composite resin has been introduced in
the field of dentistry as restorative materials to
minimize the shortcomings of previous restoration
materials. Composite resin is widely used and be-
come one of esthetic restorative materials that
most widely used. Composite resin is used as res-
torative material due to its good strength, excel-
lent esthetic, reasonably priced, and it is able to
adhere to tooth structure, and its easy handling.
Composite resin is widely used as a restorative
material, lutting agents, direct and indirect res-
torations, metal facings and core hitches for post-
endodontic treatment. ™

Composite resin consists essentially of three
main ingredients, the organic polymer matrix, in-
organic filler and coupling agent. Matrix and filler
are binded by the coupling agent. Organic matrix is
a monomer, which is a free radical polymerization
initiation system. Monomer system is at the core
of the composite resin system.** Composite weak-
ness lies in the polymerization process, ideally all
monomers transformed into polymers, but in fact
not all of the monomer is converted into polymer,
conventional radiation produces approximately
50-75% degree of conversion. Residual monomers
which are not converted will affect the degree of
conversion and lower the mechanical properties
of the composite, including compressive strength,
increase water solubility and resorption, and low
color stability. Decrease in mechanical properties
of the composites resulted in several drawbacks,
including marginal leakage, fragile edges of fill-
ings, secondary caries, and tooth sensitivity ef-
fects. 3¢

The development manipulation technique
generates the indirect composite resin in producing
the composite resin restorations, especially for
extensive restoration. In the indirect composite
resin restorations, post curing treatment can
be given extra orally to increase the degree of
conversion and mechanical properties and produce
better esthetic restoration.’

Polymerization can be improved by post
curing to improve the mechanical properties of
resin composites. Post curing techniques can be
done in several heating methods, i.e. heating with
pressure (autoclave) and additional irradiation.®
According to Lombardo et al."?, the temperatures
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above 60°C can improve the mechanical proper-
ties of composites. Another study conducted by
Wendt™ on dry heat as an additional method of
polymerization of the resin composite concluded
that dry heating at 125°C for 2.5, 7.5 and 15 min-
utes improve mechanical properties such as hard-
ness and color stability of resin composites.™

Widyasari'" and Rizany' conducted a study
of post curing light box using a cube-shaped glass
mirror that reflects light equally in all directions.
Research proved that the post curing with light
box was capable to enhance the process of po-
lymerization and monomer conversion as well as
increase the speed thus improves the mechanical
properties of composite resin, such as compres-
sive strength and flexural strength. Additional
heating is done by dry heating, while the addi-
tional radiation was done in LED light box with a
glass cube.'®?

Based on the above matters the author was
interested to do research to see the difference
between the compressive strength of hybrid com-
posites post-cured using a light box with LED and
dry heating.

METHODS

The type of study used was a quasi-experi-
mental. The study population was a composite
resin restorative materials that have a hybrid filler
with filler size on average 0.6 pm; with the small-
est filler of 0.01 pm."™ Samples were taken ran-
domly, 15 pieces of hybrid type cylindrical com-
posite resins with 3 mm in diameter and 6 mm
in height. Thirty samples were made and divided
into two groups; 15 pieces were post-cured hybrid
type composite resin using light box with LED; and
15 pieces were post-cured hybrid type compo-
site resin with dry heating. The average value of
compressive strength of the two treatment groups
were statistically calculated using t-test.

The research was carried out using tools and
materials; molds for resin composites with a di-
ameter of 3 mm and 6 mm height cylinder made of
stainless steel; instruments for composite resins,
LED, light curing unit, light box of cube-shaped
glass mirror that was made with size of 3x3x3 cm,
dry heat (dry sterilizer), compressive strength
testing machine (Lloyd Instruments LRX plus), the
long slide, hybrid type composite resin.
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The research was followed: (1) Prepared a com-
posite mold (cylindrical shape; height 6 mm, di-
ameter 3 mm); (2) Inserted composite layer (2
mm) into the mold. Pressed and smoothed us-
ing cement stopper. Cured composites with LED
curing light for 20 seconds, then continued the
next layer up to 3x6 mm or until the mold was
full, then the composite was released from the
mold'?; (3) Measured the sample with a long sash.
Checked the surface of the sample. It must be in
contact with the field test equipment; (4) Samples
were divided into 2 groups: Group A and B, each
consisted of 15 samples. Samples in Group A then
received post curing using a LED light box for 10
minutes. Samples in Group B received post curing
using dry heat in the temperature of 110°C for 10
minutes; (5) Testing and calculation of the value
of compressive strength were then performed; (6)
Place the sample on the test table Universal Test-
ing Machine (Lloyd) under a compressive load to
the contact with the sample, so that the center
of the engine load was in the vertical direction of
the middle surface of the sample; (7) Activated
the test machine, and then provided a continuous
load with a speed of 1 mm/min, to formed a cracks
or fractures in the sample. Value of compressive
strength had been viewed on computer screens,
and data was automatically stored directly in the
computer.

RESULTS

The average value of compressive strength
testing of composite samples is obtained through a
hybrid using a universal testing machine (LLOYD).
The test results are recorded and recorded direct-
ly into a computer and do the calculation the ave-
rage value of compressive strength. Test results
are presented in Table 1:

Based on Table 1, it is shown that the ave-
rage compressive strength of hybrid composites
using a light box with LED was 194.138 MPa and
the average compressive strength of hybrid com-

posites using dry heat was 227.339 MPa. These
results showed the average compressive strength
of hybrid composites using the light box with LED
was lower than the average compressive strength
using dry heat.

The average differences between the com-
pressive strength of hybrid composites post-cured
with LED light box and dry heating, used the sta-
tistical test of t-test indicated a significant result.
It meant that the average compressive strength
of hybrid composites post-cured using a light box
with LED results were lower than the average com-
pressive strength of hybrid composites post-cured
using dry heat. Figure 1 shows the average value
of compressive strength using LED light box was
lower than average value of compressive strength
using dry heat.
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Figure 1. The line diagram of compressive strength value of
post-curing using a light box

DISCUSSION

Table 1 showed the results of research on
hybrid composite compressive strength of each
group. Value of compressive strength of hybrid
composites showed significant difference between
the test group using LED light box and the test
group using dry heat. These results indicated that
the compressive strength of hybrid composites
with LED light box was lower than the dry heat.

Table 1. Rating average compressive strength in hybrid composites post curing using box with LED light and dry heating

No Compressive strength light box (Mpa) Compressive strength dry heat (Mpa)
Average (mean) 194.38 227.339
deviation standar 3.232 16.257

N 15 15
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In the polymerization process ideally all
monomers transformed into polymers, but in fact
not all of the monomer is converted into polymer,
the irradiation by means of conventional produce
approximately 50-75% degree of conversion. Re-
sidual monomers which are not converted will af-
fect the degree of conversion and lower compres-
sive strength.® The studies carried out previously
proved that post-curing can improve the degree
of polymerization of the composite by examina-
tion through test compressive strength. Research
conducted by Shah et al.'* stated that there is a
direct relationship between the degree of con-
version of composite compressive strength, the
greater the degree of conversion, the higher value
of compressive strength.

Polymerization process is still ongoing and
there has not been converted monomer, a polymer
and the remaining fotoinisiator. Fotoinisiator
monomer residue and can be converted by post
curing which aimed at increasing the degree of
conversion. Post curing methods can be performed
by an additional polymerization of heating and
irradiation. '™

Additional irradiation after polymerization
using a light box with LED aims at maximizing
penetration of light in all directions with a uniform
light reflection from the surface of the mirror in
the light box. At the beginning of polymerization,
the fotoinisiator is accelerated by the beam due
to uneven penetration of light.

Post curing with heating produces energy
that can increase the vibration amplitude of the
composite matrix so that the chain increases the
degree of conversion and mechanical properties
of composites. Post curing uses dry heat causes
the compressive strength value higher because it
can increase the degree of conversion. Heating
produce additional energy to increase the cross
chain, so the compressive strength is better.'®141

These results indicate that the average
compressive strength of post-curing using a light
box with LED was lower than post-curing using dry
heat. It is due to the heat that is the energy source
that can activate free radicals from the monomer
molecule and reinitiate the polymerization
process. These results indicate that the hypothesis
is accepted.

In this study, additional heating at a tem-
perature of 110 °C for 10 minutes was performed,
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however, if the heating temperature is above the
glass transition temperature of the matrix which
is 100-120 °C, the mechanical properties of com-
posite resin would be affected, especially for the
type of resin-based dimethacrylate. @14

CONCLUSION

The conclusion of this study is that the
compressive strength of post-cured hybrid
compositesusing a light box with LED is significantly
lower than the post-curing using dry heat.

REFERENCES

1. Garcia AH. Composite resin. A review of the
materials and clinical indication. Med Oral
Patol Oral Cir Bucal 2006;11(E):215-20.

2. Mota EG, Oshima HM, Burnett LH, Pires LA,
Rosa RS. Evaluation of diametral tensile
strength and knoop microhardness of five
nanofilled composite in dentin and enamel
shade. Stomatologija Baltic Dent Maxillofac J
2006;8:678-91.

3. Anusavice K. Philip’s science of dental materi-
al. 11™ ed. St. Louis: WB. Saunders Co.; 2003.
p. 400-36.

4. Noort R. Introduction to dental materials. 3™
ed. St. Louis: CV. Mosby Co.; 2007.

5. Dhuru VB. Contemporary dental materials.
New Delhi: Oxford University Press; 2004. p.
44-55.

6. Reges RV, Costa AR, Correr AB, Piva E, Puppin-
Rontani RM, Sinhoreti MAC, et al. Effect of
light curing units, post cured time and shade
of resin cement on knoop hardness. Braz Dent
J 2009;20(5):410-3.

7. RibeiroNR, ReisA, Loguercio AD. Microleackage
evaluation of inlays fabricated with different
materials. RPG Rev Pos Grad 2005;12(2):159-
66.

8. Kakaboura A, Rahiotis C, Zenelis S, Al-Dhamadi
YA, Silikas N, Watts D. In vitro characterization
of two laboratory processed resin composite.
Dent Mat 2003;19(5)393-8.

9. Nurdin D, Djustiana N. Febrida R. Degree of
conversion komposit. JITEKGI 2010;7(1):27-30.

10. Lombardo GHL, Carvalho CF, Galhano G, Souza
ROA, Nogueira J, Lafayete, et al. Influence of
additional polymerazation in the microhard-



Compressive strength differences between hybrid composites using post curing light box with LED (Jenny K et al.)

ness of direct composite resins. Cienc Odont
Bras 2007;10(2);10-5.

11. Widyasari R. Perbedaan kekerasan komposit

12.

pada post curing dengan pemanasan meng-
gunakan sterilisator kering dan penyinaran
menggunakan light box. Thesis. Bandung:
Faculty of Dentistry Universitas Padjadjaran;
2010. p. 30-6.

Rizany T. Perbandingan daya tahan terhadap
tekanan antara komposit hybrid dan komposit
nanofilled setelah post curing menggunakan

13

14,

15.

light box. Thesis. Bandung: Faculty of Dentistry
Universitas Padjadjaran; 2010. p. 26-31.

3M ESPE. The technical product profile, filtek
P60 Restoraive System. USA: 2005.

Shah MB, Ferracane JL, Kruzic JJ. R-Curve
behavior and toughening mechanisms of resin-

‘based dental composites: Effect of hydration

and post-cure heat treatment. Dental Mater
2009;25:760-70.

Manappallil JJ. Basic dental materials. 2™ ed.
New Delhi: Jaypee; 2009. p. 143-73.

183



