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SURFACE'HARDNESS'OF'DENTAL'

COMPOSITE'PHOTOPOLYMERIZED'
WITH'DIFFERENT'LIGHT'SOURCES'

AND'POLYMERIZATION'TIME)
)
)

ABSTRACT'
)

AIM:) this) in)vitro)study)was)evaluate) the)microhardness) in)dental)
composites) photo) activated) in) a) distance) of) 8mm,)what) simulates)
the) first) composite) increment) in)a) restoration)class) II.)MATERIAL'
AND'METHODS:)Thereunto,)45)specimens)were)confectioned)using)
a)nanopaticulate)composite)(Filtek)Z350)–)3M)Espe.)The)specimens)
were) divided) randomly) in) 9) groups) (n=5).) Each) group)differed) in)
the) photoactivation) mode) used) (1600) mW/cm2) Bluephase) 16i)
(BLP);) 800) mW/cm2) Ultralume) 5) (ULT);) 500) mW/cm2) XL3000)
(XL))) and) in) the) temperature) of) composite) in) the) moment) of)
polymerization) (23°C,) 54°C) or) 60°C).) After) the) preparation) of)
specimens,) they)were) submitted) to) the)microhardness)Knoop) test)
(KHN)) on) the) surfaces) and) bottom,) and) the) results) were) charted)
and)submitted)to)the)statistical)analysis.)RESULTS:)There)were)no)
significant) statistical) differences) in) relation) to) the)photoactivation)
modes)used)for)all) the)surfaces)and)temperatures)tested.)For)ULT,)
there) was) no) significant) statistical) hardness) in) relation) to) the)
temperature)of)the)composite.)For)XL)and)BLP)modes,)the)increase)
in)the)temperature)(56◦C)and)60◦C))provided)a)hardness)rise)in)the)
composite) on) both) surfaces;) for) XL) the) temperature) 56◦C) did) not)
differ)from)the)control)(23◦C);)for)BLP)the)temperature)60◦C)did)not)
differ)from)the)control.)CONCLUSION:)For)all)the)situations)tested,)
the)top)surface)presented)greater)hardness)than)the)bottom.)
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INTRODUCTION

! The! polymerization! reaction! of! dental!

composite! occurs! by! conversion! of! monomer!

molecules! in! a! structure! of! cross7linked!

polymers.1,2! When! the! canphorquinone,!

mo l e c u l e! r e s p o n s i b l e! t o! s t a r t! t h e!

polymerization!reaction!absorbs!a!light!photon!

(Ainal! unity! of! light! energy)! in! a! wave7length!

about! 467!nm,! an! electron!of! this! molecule! is!

driven!to!a!higher!energy!level!becoming!in!an!

excited! state.3! Therefore,! canphorquinone!

collides! with! an! amine! and! a! free! radical! is!

formed.! This! radical! may! react!with!a! carbon!

double! link! (C=C)! of! a! monomer! molecule!

starting!the!polymerization!reaction,4! in!which!

the! monomers! had! the! double! carbon! link!

broken! in! one! or! both! extremity! react! with!

other! monomers! in! the! same! situation! and!

form!polymer!molecules.!

! T h e! f o r m a t i o n! o f! p o l y m e r!

macromolecules! is! associated! with! the!

contraction!of!the!composite!polymerization.1,2!

The! higher! the! intensity! of! light! energy!

(quantun)!used!in!the!photoactivation!process,!

more!photons!will! react!with!canphorquinone!

molecules! inside! the! resinous! matrx! of!

composite,! increasing! the! conversion! degree;!

in! other! words,! the! quantity! of! monomers!

converted! in! polymers.! Thereupon,! the!

quantity! of! light! energy! is! the! main! factor! to!

conversion!degree!of!composite.5

! However,! it! has! been! veriAied! that!

res inous! mater ia l! i s! not! complete ly!

polymerized,!because!contains!a!small!quantity!

of! residual!monomers!between!the! structures!

formed.6,7! As! the! conversion!degree! is! related!

with!physical!properties!of!the!composite,8!the!

quantity! of! monomers! remaining! is! a! co7

determining! of! physical! properties! of! the!

polymer!resulting.6

! There!are!several!factors!that!may!affect!

the!quantity!of! light! energy!which! the!bottom!

and!top!surface! of!an!increment! receives,! like!

type!and!size!of!the!tip!of!the!light!curing!unit,!

distance!between!the!tip!of!the!light!curing!unit!

and! the! composite! surface,! light! intensity!

emitted!by!the! light!curing!unit,! the!speciAicity!!

of! light! emitted! by! the! light! curing! unit,!

interaction! between! the! light! wave7length! of!

the! light! curing! unit! and! the! starter! agent! of!

p o l ym e r i z a t i o n! r e a c t i o n ,! t i m e! o f!

photoactivation,! composition,! color,! opacity!

and! composite! thickness.4,9713! Whether! the!

composite! increment! does! not! receive! total!

energy! enough!to!an!adequate!polymerization!

reaction,! several! problems! may! appear!

determining! the!clinical! failure! of! restoration.!

Among!them!we! can!cite:! changes! in!physical!

properties,! increase! in! pigmentation! rate,!

increase! in! wear! rate,! increase! in! the!

cytotoxicity! potential! by! presence! of! residual!

monomer,! decrease!of!elasticity!module,!weak!

bond! among! tooth,! adhesive! and! composite,!

and! higher! probability! of! collapse! in! tooth!

restoration!interface.2,4,12,14,15
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! Among! the! factors! which! may! reduce!

the!light!intensity!that!achieves!the!composite,!

the!only!one!which!cannot!be!controlled!by!the!

dentist! during! the! performance! of! the!

restoration! of! a! deep! cavity! is! the! distance!

between!the!tip!of!the!light!curing!unit!and!the!

surface!of!the!composite!increment.!According!

to! Prati! et! al.! (1999),16! only! 1mm! o! fair!

interjacent!between! the! tip! of!the! light! curing!

unit! and! the! composite! surface! reduces!

intensity! of! the! light! energy! in! approximately!

10%.!

! In! clinical! situations! when! there! are!

deep! cavities,! the! distance! between! the! Airst!

composite! increment! and! the! tip! of! the! light!

curing! unit! is! commonly! higher! than! 8! mm,!

consequently! it! would! reduces! the! light!

intensity! that! achieves! the! composite! surface,!

decreasing! the! conversion! degree! and/or!

leading! to! the! formation! of! polymers! with!

linear! structures.! In! both! situations,! the!

composite! will! present! inferior! physical!

propert ies ,! superA ic ia l! and! interface!

discoloration,! and! will! result! in! weakness! of!

restoration.17! When! it! is! in! contact! with! the!

oral! environment,! this! not! adequately!

polymerized! composite! can! be! solubilized,!

what!accelerates!the!process!of!solubility!of!the!

adhesive! and! enable! the!marginal! inAiltration!

and!secondary!caries.6

! Recently,! studies! have! shown! that! the!

temperature! increase! of! dental! composite! in!

the! moment! of! photoactivation! increases! the!

conversion! degree! of! composite,! improving!

some!physical! properties,! without! change! the!

increase!of!intra7pulpal!temperature.18

! The!distance! between! the! tip! of!curing!

device! and!material! surface! is! one! factor! that!

cannot!be!controlled!by!the!dentist!during!the!

restorative! procedure! in! deep! cavities,!

decreasing! the! light! intensity! that! reaches! on!

the! material.! Thus,! a! lower! monomer!

conversion!and/or!a!higher!formation!of!linear!

polymers! can!occur,! resulting!on!a!restoration!

with!poor!physical!properties.

! The! purpose! of! this! study! was! to!

evaluate! the! microhardness! of! a! composite!

resin!at!distance,!simulating!the!Airst!increment!

of!composite!restoration,!using!different! light7

curing! units! and! pre7heating! temperatures.!

Two!null!hypotheses!were!tested:!there!would!

be! no! difference! between! the! different! (1)!

light7curing! units! and! (2)! pre7heating!

temperatures! on!the!Knoop!microhardness! of!

the!composite!tested.

MATERIAL-AND-METHODS

! In! this! study,! a! nano.illed! (Filtek! Z350,!

shade! A2;!3M! ESPE,! St.! Paul,! MN,!USA)! composite!

resin!was!used.! Forty!.ive!cylindrical!specimens!(n!

=!5)!were!prepared!in!circular!Te.lon!mold!for!each!

composite,!with! 6! mm! in! internal!diameter!and! 2!

mm! thickness,! held! between! two! glass! slabs,!

separated!by!Mylar!matrix!strips,!and!then!pressed!

with! a! 500! g! load.! The! cavity!was! .illed! with! one!

increment!and!randomly!polymerized!according! to!

experimental! groups:! three! LCUs! (Bluephase! 16i,!
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Ultralume! LED! 5,! and! XL! 3000)! and! three!

temperatures!of!preXheating!of!the!composite!resin!

(23,! 54,! and!60!˚C).!The! composite! resin!used!was!

kept! in! an! incubator!(502,!Fanem!Ltda,!Guarulhos,!

SP,!Brazil)!with!respective!preXheating!temperature!

during! one! hour! before! use.! Polymerization! was!

performed! with! tip! of! curing! unit!positioned! at! 8!

mm! distant! from! top! surface! of! the! sample!

(controlled! by! an! electronic! digital! caliper).! The!

LCUs! used,! irradiance,! and! radiant! exposure! are!

presented!in!table!1.

! Each! specimen! was! removed! of! the! mold!

and!dry!stored!in!a!lightproof!vial!at!37!°C!for!24!h.!

After!this!period,! the! surface!of!each!specimen!was!

polished! 1200Xgrit! silicon! carbide! (SiC)! grinding!

paper! (CarbiMet! 2! Abrasive! Discs,! Buehler,! Lake!

Bluff,!IL,!USA).

! Knoop! hardness! number! (KHN)! reading!

was!measured! on! the! top! and! bottom! surfaces! of!

each! sample! using! a! microhardness! tester! (FM;!

FutureXTech! Corp,! Tokyo,! Japan)! with! a! Knoop!

diamond! indenter!under!10Xg! load! for!10! s.! Eight!

indentations! were! made! on! each! surface! of! the!

specimen,! the! .irst! at! 500! µm! of! boundary! and!

others!7!from!this,!distanced!200!µm.!The! average!

of! the! 8! KHN! values! was! calculated! for! each!

specimen.

! The! results!of!KHN! on! the! top!and!bottom!

surface! were! submitted! to! twoXway! splitXsplot!

analysis! of! variance! (ANOVA)! and! Tukey’s! test! at!

the! preXset! alpha! of! 0.05.! The! factors! lightXcuring!

unit! and! temperature! were! considered! in! the!

parcels! and! the! factor! surface! (top! and! bottom!

surfaces)!was!considered!in!the!subXfactor.

RESULTS

! The! lightXcuring! units! used,! irradiance!

(mW/cm2),! and! radiant! exposure! (J/cm2)! are!

presented! in! Table! 1.! The! results! obtained! are!

presented! in! the! Table! 2.! ANOVA! showed!

signi.icant!difference! for! the! interaction!of! factors!

lightXcuring!unit!and!temperature!(p!<!0.0004).!For!

ULT,! there! were!no!signi.icant!hardness! statistical!

differences! related! to! the! composite! temperature.!

For!XL!and!BLP!modes,!the!increase!of!temperature!

(56˚C! and! 60˚C)! provided! a! hardness! increase! on!

both! surfaces! of! the! composite;! for! XL,! the!

temperature! 56˚C! did! not! differ! from! the! control!

(23˚C);!and!for!BLP,! the! temperature!60˚C!also!did!

not! differ! from! the! control.! In! all! the! situations!

tested,! the! top! surface! presented! higher! hardness!

than!the!bottom!surface.

DISCUSSION

! The! appropriate! polymerization! is! an!

important! factor! to! obtain! adequate! physical!

properties!of!composite!resins,!and!it!is!related!

with!the!better!clinical!performance.!However,!

there! are!factor!which!may!affect!the!quantity!

of!light!energy!that!top!and!bottom!surfaces!of!

a!composite!increment!receives.9713
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Table!1!7!Light7curing!units!used,!irradiance!(mW/cm2),!and!radiant!exposure!(J/cm2).

Light7curing!unitLight7curing!unit Irradiance!!at!0!
mm

Irradiance!at!8!
mm

Radiant!
exposure!!at!0!

mm

Radiant!
exposure!at!8!

mm
Bluephase!16i LED!2nd!generation 1100 400 22 8
Ultralume!5 LED!3rd!generation 700 280 14 5.6
XL!3000 Halogen!1 450 200 9 4

Bluephase! 16i:!Vivadent,! Bürs,! Austria;!Ultralume! LED!5:!Ultradent,!South! Jordan,! UT,! USA;!XL!3000:!3M/ESPE,! Grafenau,! Germany.! Irradiance! was!

monitored!by!a!radiometer!(model!100;!Demetron/Kerr,!Danbury,!CT,!USA).

Table! 2.! Microhardness! (Kg/mm2)! means! (S.D.)! of! the! composite! resins! according! to! light7curing! units,! pre7heating! temperatures,! and! surface!

analyzed.

Surface Source Temperature!(◦C)Temperature!(◦C)Temperature!(◦C)
23 56 60

Top BLP 63,5!(20,6)*!Ba 83,2!(22,4)*!Aa 63,5!(31,9)*!ABa

ULT 70,4!(9,7)*!Aa 65,3!(11,8)*!Aa 88,4!(34,8)*!Aa

Xl! 53,4!(17,5)*!Ba 59,9!(15,9)*ABa 78,3!(42,6)*!Aa

Bottom BLP 19,5!(5,4)!Ba 38,3!(8,1)!Aa 20,6!(5,1)!ABa

ULT 35,8!(9,7)!Aa 28,8!(8,3)!Aa 34,0!(5,1)!Aa

Xl! 16,3!(8,4)!Ba 22,4!(3,6)!ABa 43,6!(15,5)!Aa

*It! differs! of! bottom! surface! (p! <!0.0001).! Distinct! letters! (capital! in! the! row! and! lower! in! the! column! within! of! each! composite)! are! statistically!

different!(p!≤!0.05).

! Among! these! factor,! the! radiant! light!

incidence! emitted! by! different! devices! for!

photoactivation! and! the! photoactivation!

temperature!were! analyzed! in!this! study.! The!

resul ts! showed! that! only! the! factor!

temperature!was!able!to!increase!the!hardness!

of!composites!photoactivated!at!8mm!distance.!

For! all! the! factors! studied,! the! top! surface!

presented!higher!hardness!when!compared!to!

the!bottom!one.

! T h e! c om p o s i t e! r e s i n! h a s! a s!

characteristic! reducing! the! intensity! of! light!

that!passes!by!the!body,!decreasing!the!action!

of! polymerization! of! the! sample.! The! light!

penetrates! in! the! sample! body! and! decreases!

its! polymerization! effectiveness,! changing!

signiAicantly! the! values! until! the! base! of! the!

sample.16! It! demonstrated! higher! hardness! in!

the!sample!on! the!top!region!both!in!different!

temperatures! and! with! different! types! of!

sources!used!in!the!research.!

! In! relation! to! the! sources! studied!

(speciAicity!of!light!on!the!composite!hardness)!

both! halogen! light! and! LEDs! of! 2nd! and! 3rd!
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generation! did! not! present! statistical!

differences.! However,! it! was! veriAied! that!

different! temperatures! inAluenced! statistically!

the!composite!hardness.!The!type!of!composite!

used! may! explain! the! absence! of! differences!

among!the!photoactivation!modes,! both!on!the!

base! and! on! the! top! surface.! This! type! of!

composite!facilitates!the!penetration!of!light!in!

the!body!sample,!and!level!the!photoactivation!

modes!with!different!radiant!incidences!on!the!

surfaces!studied.19

! In!relation!to! the!temperature! increase,!

there! were! no! hardness! signiAicant! statistical!

differences! for! ULT.! For! XL! and! BLP,! the!

temperature! increase! (56˚C! and! 60˚C)!

provided! the! hardness! increase! in! the!

composite! on! the! two! surfaces;! for! XL,! the!

temperature! 56˚C! did! not! differ! from! the!

control! (23˚C);! and! for! BLP,! the! temperature!

60˚C!also!did!not!differ!from!the!control.!

! The! temperature! affects! directly! the!

behavior! of! the! composite! polyemerization.!

The! increase! of! temperature! reduces! the!

viscosity! of! the! resinous! system! and! increase!

the! mobility! of! radicals,! facilitating! the!

polymerization! process.! The! temperatures!

chosen! were! selected! following! the! results! of!

work!by!Daronch!et!a.!(2006).18

! The! initial! purpose! of! this! study! was!

that!the!increase!of!temperature!could!improve!

the! hardness! of! composites! when! the!

photoactivation! occurs! in! a! distance! of! 8mm!

from!the!tip!of!the!light!curing!unit!used.!

! However,! the! increase! of! temperature!

did! not! increase! the! hardness! for! ULT;! and!

improved! for! XL! and! BLP,! but! with! different!

temperatures.! For! XL,! the! better! temperature!

was!60˚C;! and!for!BLP,! the!better!temperature!

was! 56˚C.! Then,! the! increase! of! temperature!

and! the! better! temperature! depend! on! the!

photoactivation! mode! used.! New! studies!

should! be! performed! in! order! to! prove!

whether!the!increase!of!temperature!improves!

the! hardness! and! the! conversion! degree! of!

r e s inous! sys tems ,! a c cord ing! to! the!

photoactivation!system!used.!

CONCLUSION

! Considering! the!methodology! used! and! on!

the! results! obtained,! it! is! possible! conclude! that:!!

(1)! for! all! the! experimental! conditions,! the! top!

surface! showed! higher! values! of! hardness! when!

compared! with! the! bottom! surface;! (2)! related! to!

the! lightXcuring! units,! the! results! did! not!

demonstrate! hardness! statistical! signi.icant!

differences;! (3)! the! increase! of! temperature! and!

the! better!temperature! to! improve! the! super.icial!

hardness! depend! on! the! photoactivation! mode!

used.!
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