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ABSTRACT

Background: Adequate cure of the photo activated polymer and sufficient
light intensity isimportant for optimal mechanical properties, polymerization
and strength of the composite material. This study establishes the
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rel ationship between thelight intensities produced by 2 different light curing systems;
systems- aLight emitting diode (LED) and a Halogen light curing system, Microhardness;
the distance of the curing tip to the composite and its effect on the surface Curing.

microhardness changes at various depths of 2 dental composite systems.
Methodology: Ten samples each of 2 posterior composite materials were
prepared at 2 depths using customized moulds and cured at Omm and 2mm
distance from the light source. The Knoop hardness number of the top and
bottom surfaces of the blocks were assessed following their respective
treatments and subjected to statistical analysisusing the paired and unpaired
T test (p<0.01). Conclusions: Proximity of light sourceto the photo-activated
material influenced the surface hardness of the light activated restorative
material. LED produced superior surface hardness than the halogen light
curing system, though significant variations weren’t observed.
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INTRODUCTION

Animportant milestonein the history of modern
restorative dentistry isthe devel opment of light-cured
compositeresinsfor direct procedures. They aremost
widdy preferred for advantages such asesthetics, im-
proved physica propertiesand operator’s control over
theworking timeZ. Improvementsin the mechanical
properties of compositeresinandinthelight curing
devices used to polymerize them have permitted their

usewith greater reliability than wasthe casefew years
@0[3]_

Adequate polymerizationisacrucia factor in ob-
taining optimal physical performanceto improvethe
clinica durability of resin compositemateria 4. How-
ever, thereare severd variables affecting the amount of
light energy delivered to thetop and bottom surfaces of
aresin compositerestoration. Theseincludethedesign
andsizeof thelight guide, distanceof thelight guidetip
from theresin composite, power intensity, exposure
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duration, shadeand opacity of theresin composite, in-
crement thicknessand material composition®,

Thefirg light emitting diode(LED) light curing units
wereintroduced marketingin 2001 asan aternativeto
the conventional halogen lamps. LEDsarehighly effi-
cient light sourcesthat producelight within anarrow
gpectrd range. Overtimeonly little degradation of light
output isobserved and they do not produce heat. LED
unitsfeaturevery narrow spectra rangesand are, there-
fore, highly efficient light sources®. Operating around
470 nm, with abandwidth of about 20 nm, blueLEDs
haveall thespectra purity for highly efficient curing of
resin composites”. Some studies have demonstrated
good performance of theseunitsintermsof an adequate
depth of cureand flexura strength®9. Thisstudy aimed
to compareand establish arel ation between the curing
light intengitiesproduced by aconventiond light source
andan LED, thedistance of thecuringtip anditseffect
on thesurface microhardness changesat variousdepths
of 2 newer composite systems.

MATERIALSAND METHODS

Eighty cylindrica specimenseach of Microhybrid
resin composite 2100 (3M-ESPE Dental products) and
Posterior composite Solare P(GC Corp., Tokyo, Ja-
pan) were prepared in customized acrylicring molds.
Thecdrcumferentid internd diameter of theresinrestor-
ative specimenswas 8mm, whilethedepthswere pre-
pared at 2 mm and 4mm. The mold cavity was ran-
domly filledinasingleincrement and pol ymerized ac-
cording to themanufacturer’s instructions at Omm and
2mm distancefrom thelight source.

Two polymerization modeswereused asfollows:

Conventional - using an XL 3000 hal ogen curing
light (3M-ESPE, Grafenau, Germany) at anintengity of
300 mW/cm? measured by aphotometer.

LED - using an Elipar Freelight (3M-ESPE,
Grafenau, Germany) at an intensity of 360 mW/cn?.

Each specimen was removed from its mold and
storedin alightproof container at 37°C with a relative
humidity of 95% (+ 5) for 24 hours. 10 samples each
werestudied inthe2mm and 4mm groupsrespectively
of boththerestorativematerids. Thesampleswerethen
washed and the microhardness on the bottom and top
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of each specimen wastested using aK noop hardness
tester [Clemex, Modd MMT-X7, MatsuzawaCo. Ltd,
Japan] at the National Institute of Technology,
Mangalore, India. A 25gf |oad wasapplied through the
indenter with adwell time of 10 seconds. Five mea-
surementsweretaken at the gpproximate center of the
specimen aswasdoneby Priceet a. (2002)". Ethical
approva and protocol authorization for the study was
provided by the Institutional committeefor ethicsand
research, affiliated to the Ragjiv Gandhi University of
Health Sciences, Bangdore, India.

Satistical analysis

Theresultswere assessed usng the Statistical Pack-
agefor Social Sciences(SPSS) verson17.00andMS-
Excel. The student’s paired sample T-test compared
the mean surface microhardness between thetop and
bottom surfaces of the same block in agroup. The
student’s T-test for independent samples compared the
differencesin microhardnessbetween thesamplescured
with conventiona and LED light systems. p<0.01 was
consdered significant.

RESULTS

Microhardness changes at Omm & 2mm curing
distance

The surface microhardnes of the posterior com-
posite restorative materialswere assessed at thetop
and bottom surfacesfollowinglight polymerization. The
Microhybrid resin composite 2100 was noted to have
superior microhardness values when compared to
Solare P. However, both the restorative materials
showed asimilar pattern of decreased hardness at the
bottom surface as the depth of the block increased
(TABLE1& 2). At Ommand 2mmdistanceof thelight
sourceto therestorative specimen, the paired samples
T Test showed ahigh statistical significance (p<0.001)
with dl the experimented groupsthat compared thetop
to bottom surfaces, indi cating that sufficient polymer-
ization of resncompositein deep cavitiesisessentid to
maximizethe hardnessand compressive strength of re-
storativematerials(TABLE 1 & 2).

Comparison between L ED and halogen light cure
Theefficacy of the2 light curing sysemson poste-
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TABLE 1 : Surface microhardness changes (SMH) of
restor ative specimensat Omm light polymerization

Restorative LED Halogen Light
specimens Top Bottom Top  Bottom
Solare P 40.3 309 381 326
(2mm) (#3.24)  (#3.38) (22.132) (£2.98)
Solare P 408 208 3656 248
(4mm) (£3.084)  (£4.315) (£1.39) (+4.05)
73.05 5016 6876  61.9
Z100(Mm) 4067y (£2.53)  (21.91) (£1.59)
73.2 471 6833 4122
Z100(4Mm) 3601y (£5.004)  (£1.9)  (£6.39)

[Mean SMH (+ SD); n = 10]; The surface microhardness
changes of restorative materials at 2mm and 4mm depths were
assessed by comparing the mean values from their respective
top and bottom surfaces. (p<0.001)

TABLE 2 : Surface microhardness (SMH) changes of
restor ative specimensat 2mm light polymerization

Restorative LED Halogen Light
specimens  Top Bottom Top  Bottom
Solare P 375 23.6 34.4 20.3
(2mm) (+4.321) (£3.13) (¥3.751) (£3.743)
Solare P 371 12 35.2 10.3
(4mm) (£3.421) (£7.213) (+4.054) (£3.781)
67.83 54.6 64.7 49.8
Z100(2mm) 315y wag6) (£3321)  (£237)
67.4 34.6 64.6 305

Z100(4mm) ) 171y (£5.012) (£2316)  (£1.972)
[Mean SMH (+ SD); n = 10]; The surface microhardness
changes of restorative materials at 2mm and 4mm depths were
assessed by comparing the mean values from their respective
top and bottom surfaces. (p<0.001)

rior compositeswere a o assessed based onthelr surface
microhardnesschanges ThoughtheLED system produced
better mean SMH vauesover ha ogenlight curing sys-
tems, theindependent samplestudent’s T test showed a
low datigticd Sgnificance(p<.05). Thecomparisonof sur-
face mi crohardnessbetween thetop to bottom surface of
the2mmand 4mm regtorative gpecimenscured using both
LED and hdogenlight system washowever, not Satisti-
cdly dgnificant. Thisresult gaveanimpressonthet thesur-
facehardnessof therestorativeresnwasdirectly related
tothedepth of cureandthedistance of thelight sourceto
therestorativematerid . Atincreasing depthsof theresto-
ration, bulk curing canresult infracture, whatever isthe

light sourcefor polymerization.
DI SCUSSION

Adequate curing of aresin-based composteispara

mount toitsdinica performance. Thephotoinitiator used
in most compositesisactivated by light inthe 400 to
515-nmwavdength, with 470 nm beingthewave ength
of peak absorption for the most commonly used
photoinitiator (Cook, 1986)™. To beeffective, acuring
light must have sufficient energy inthe400- to 515-nm
rangeto effectively activate the mass or increment of
compositebeingirradiated. Thelight asomust beca
pabl e of generating sufficient energy dengty, or intensity,
to curethrough theentirethicknessof themassor incre-
ment. Many researchershavemessured theintensities of
curinglightsusing radiometers, many of whichwerede-
signed for denta officeusd™. Thedepth of cureof resin-
based composites decreaseswith decreasing intengty of
thecuringlight™. In thisstudy, though the surface hard-
nessvauesof both therestorativematerial sfaired higher
when cured with LED, thevaluesweren’t statistically
significant (p<.07) when compared to those cured with
the conventiond haogenlight source.

The performance of biomaterid sismost frequently
evaluated using laboratory testd*¥. One such param-
eter issurface microhardnessthat eval uates material
surfaceresistanceto plastic deformation by penetra-
tion. By meansof thistest, anindirect measurement of
thedegree of conversion can beestimated aswell. Top
and bottom surface hardness of materials are till a
matter of concern. Some studies have shown signifi-
cant differencesbetween top and bottom surface hard-
ness*¥. However, thereare studiesreveaing no differ-
ences, indicating sufficient energy penetration through
the materid>1. Hence, thismethod wasincorporated
inthisstudy to evd uatetheinfluenceof light curingtime
and polymerization mode on the hardness of top and
bottom surfacesof resin compositeinaclinica situa-
tion, whenthelight curing tip was at Omm depth from
theresin compositeduring use.

Several researchers over the years have experi-
mented on detecting asuitable method for polymeriza-
tion, an efficient light curing device, and have ad so at-
tempted to determineif adequate polymerization of the
restorative material occurred under specific condi-
tiond™. Adequate polymerizationisacrucia factor in
obtaining theoptimad physica performanceof resncom-
positematerialg¥. Inthe current study, thetop surface
of therestorative specimens presented with improved
Knoop hardnessva uesin comparison tothe bottom sur-
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face, after an exposurefor 30 secand were statistically
sgnificant (p<0.05). Ingenerd, both therestorativema-
terial sshowed asignificant decreasein microhardness
withtheincrease of the depth of cure, and thisdropwas
particularly evident a depthshigher than2mmfromthe
light source. Thisfeaturewould definitely compromise
thedlinical efficacy of posterior composites. A possible
explanation for such aperformance would bethat the
polymerization of compostematerialsrely exclusively
upon light activation and thusrequiremaximum proxim-
ity tothelight sourcd™. Inadditiontotthis, light-cured
compositeresnsrequireoptimd light intengity, sufficient
irradiaiontimeandamaximd thicknesstodlow theap-
propriate penetration of light throughout therestorative
materia isplacedin cavity preparation”,

Using the method described in the present study,
theresults showed that the time recommended by the
manufacturers of light curing devicesand resin com-
positeswasinsufficient for optimum polymerization,
mainly on the bottom surface of standardized speci-
mens. Theresin composite on thebottom surfacedis-
persesthelight of thelight curing unit. Asaresult, when
thelight passesthrough the bulk of the composite, the
light intengity isreduced dueto the scattering of light by
filler particlesand theresin matrix*¥. Theresultsof the
present study showed thetop surface had higher hard-
nessvaluesthan thebottom surfaceinall experimental
conditions. Onthetop surface, thelightintensity isusu-
adly sufficient for adequate polymerization™.

The LED mode produced better SMH valuesover
the conventional mode on thetop surface of both the
restorative specimens. On the bottom surface, the LED
modedid not differ statistically from the conventional
mode. The LED has anarrow spectral range with a
peak around 470 nm which matchesthe optimum ab-
sorption wavelength for the activation of the
Camphorquinone (CQ) photoinitiator*#°, Whilethe
LED modeusudly presentsalower intensity than the
other light curing modes, it providesafavorabledegree
of conversion dueto the high degree of overlap within
the absorption spectrum of CQ™,

Thecurrent experiment thushighlightsthat the prox-
imity of light sourceto the photo-activated materia will
enhancethe surface hardness of thelight activated re-
storative materid. It also suggests an in-vitro method
for dentiststo clinicaly perform and establish the depth
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of cure of resin-based composites and periodically
verify its consistency in regard to the depth of cure.
Thiswould ensurelongevity and better fracturetough-
nessof restorativemateridsinanin-vivo stuation.
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