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Abstract

Objective. Polymerization of light-cured resin-based materials is well documented; however, the in-
tensity of the activating light can be reduced by passage through air, dental structure, or restoration
compromising the physical and mechnical properties of the restoration. The aim of this study was to
evaluate the depth of cure of different light cured composite resins polymerized directly or transden-
tal, through enamel and enamel/dentin tissues. Material and methods. Five composite resins were
selected for this experiment: SureFil SDR, Dentsply (SDR), Filtek Supreme Plus, 3M ESPE (FSP), Aelite
LS, Bisco (ALS), Filtek LS, 3M ESPE (FLS), and TPH, Dentsply (TPH). Thirty specimens of each material
were prepared with 2- or 4-mm thickness. The specimens were light-cured (Elipar 2500, 3M ESPE) for
40 sec using three different protocols: direct or transdental, through a disc of enamel with 1 mm of
thickness, and a disc of enamel and dentin with 2 mm of thickness. Eight Vickers microhardness (VH)
measurements were taken from each specimen, four on top and four on bottom surface (Micromet,
Buehler, 100 g per 15 sec). Data was analyzed with ANOVA three-way, Tukey HSD post-hoc (a = .05).
Results. Bottom surfaces of specimens exhibited statistically significant lower Vickers microhardness
than the top surfaces for all composite resin evaluated, regardless of the curing conditions, except for
the SDR when direct light-cured. Transdental light curing through enamel/dentin layer, significant-
ly decreased VH (P<0.05) on the bottom surface of all composite groups. Conclusion. The results of
this study showed that light-curing attenuation of dental structures negatively affect the micro-hard-
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Introduction

Light-cured composite resin materials are widely used in
everyday clinical practice. Composite materials present sev-
eral advantages, such as ease of handling, satisfactory phys-
ical and mechanical properties, and most importantly, ex-
cellent esthetic appearance. However, light-cured resin-based
materials must be exposed to a sufficient amount of blue light
energy to achieve satisfactory conversion of resin monomers
into polymers (1).

Degree of polymerization of composite materials de-
pends not only on their chemical composition but also on
the properties of the light-curing unit. Improper curing of
the composite materials would decrease their physical prop-
erties, leading to marginal leakage, secondary caries, higher
wear, and poor esthetic appearance of the composite restora-
tion (2, 3).

In order to enhance clinical success of composite resin
restorations, dental manufacturers have focused on the de-

tion; Low-shrinkage composite; Flow-
able composite

Uvod

Svjetlosno stvrdnjavajuéi kompozitni materijali ved se
dugo vremena svakodnevno upotrebljavaju u klinickoj prak-
si. Naime, imaju nekoliko prednosti kao $to su lakoc¢a ruko-
vanja, zadovoljavajuée fizicke i mehanicke znacajke te izvrsna
estetska svojstva. No svjetlosno stvrdnjavajuéi smolasti mate-
rijali moraju biti izlozeni odgovarajucoj koli¢ini energije pla-
vog svjetla kako bi se postigla zadovoljavajuca koverzija mo-
nomera u polimer (1).

Stupanj konverzije kompozitnih materijala ne ovisi samo
o njihovu kemijskom sastavu nego i o svojstvima uredaja za
polimerizaciju. Nedostatno stvrdnjavanje kompozitnih ma-
terijala utjecat ¢e na smanjenje fizickih svojstava kompozit-
nog ispuna, uzrokujuéi, izmedu ostaloga, rubno propustanje,
sekundarni karijes, vece troSenje te lo§ estetski izgled kompo-
zitne restauracije (2, 3).

Kako bi se postigao klinicki uspjeh kompozitne restaura-
cije, proizvodaci dentalnih materijala usredoto¢ili su se na ra-
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velopment of new light curing units, as well as the improve-
ment of composite material composition. The introduction
of nanotechnology enabled the development of composite
resins with higher filler content, decreased filler size, and en-
hanced composition in methacrylate-base organic matrix (4,
5). Changing the monomer structure of composite resins al-
so led low-shrinkage and tooth-colored silorane-based resins,
composed of siloxane and oxirane molecules (5-9). Due to
the siloxane components, silorane materials have lower wa-
ter sorption and solubility than conventional methacrylate-
based composite materials (8, 9). The oxirane components
provide lower polymerization shrinkage and higher strength
through a cationic ring-opening mechanism and cationic po-
lymerization of the composite resin (8, 10).

Another variable, which is important for durability of the
light-curing composite resins is their limited depth of cure.
In general, only increments up to 2 mm thick should be
placed to ensure adequate light transmittance and composite
resin polymerization. Recently, some bulk-fill based compos-
ite materials with low polymerization shrinkage and higher
dissipation of induced energy, which increases the depth of
cure, have been introduced to the market (11). Studies have
shown that some bulk-fill materials can be cured adequately
at depths up to 5 mm due to their increased light transmit-
tance (12, 13). Controversially, other studies have shown sig-
nificantly less depth of cure for the bulk-fill composite resins
than claimed by manufacturers (14, 15).

However, regardless of the composite resin used, inade-
quate light-curing, especially in the deepest area of the com-
posite restoration, remains an issue. In cavity preparation
with deep undercut areas, it is impossible to place the tip of
the light guide directly on the top of the light-cured com-
posite resin (16-18). In such cases, enamel and dentin would
attenuate intensity of the light delivered to the resin based
composite material, depending on their optical properties
like light transmittance and light diffusion (16-19).

Light transmittance through enamel and dentin is not
well described in the literature so far. When the light irra-
diation is applied parallel to the dentine tubules the light is
in that case scattered mainly from the dentine tubules while
at the same time scattering pattern of obliterated dentine tu-
bules will not be different from the scattering pattern of the
regular structured dentine (20, 21). Some published stud-
ies described the effects of light irradiation through enamel
on light-activated restorative materials and reported that the
light-attenuation effect of enamel significantly diminished
the depth of cure and hardness of the cured resin restoration
(17, 19, 22, 23). However, it is still not clear if light-attenua-
tion by enamel and enamel/dentin tissues affect the mechan-
ical properties and degree of conversion of composite resin.

The degree of conversion of the resin monomer formu-
lations is one of the most significant variables evaluated for
assessing mechanical properties of polymerized composite
resin materials. The degree of conversion of composite res-
in can be determined by direct and indirect methods. Di-
rect methods for assessment the quality of polymerization
of composite material are usually determinated using Fouri-
er transform infrared spectroscopy (FTIR) or Raman Spec-
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zvoj novih uredaja za polimerizaciju te na pobolj$anje sastava
kompozitnih materijala. Uvodenje nanotehnologije omogu-
¢ilo je proizvodnju kompozitnih materijala s ve¢im udjelom
punila i manjim ¢esticama, a pobolj$an je i sastav organske
komponente (4, 5). Mijenjanje strukture monomera kompo-
zitnog materijala rezultiralo je uvodenjem niskoskupljaju¢ih
monomera i silorana proizvedenih na temelju siloranskih i
oksiranskih molekula (5 — 9). Zbog siloranskih komponen-
ti, silorani imaju nizu apsorpciju vode i nizu topljivost ne-
go konvencionalni kompozitni materijali izradeni na temelju
metakrilata (8, 9). Oksiranske komponente osiguravaju ma-
nje polimerizacijsko skupljanje i vecu snagu zahvaljuju¢i ka-
tionskom postupku polimerizacije (8, 10).

Vazan ¢imbenik za dugotrajnost kompozitnog ispuna jest
ograniCavaju¢a dubina stvrdnjavanja kompozitnog materija-
la tijekom polimerizacije. Opéenito, trebali bi se postavljati
samo slojevi do 2 mm debljine kako bi se osigurao odgova-
raju¢i prolazak svjetla i samim time zadovoljavajuca poli-
merizacija kompozitnog materijala. Nedavno su se na trzi-
stu pojavili bulk-fill kompozitni materijali s niskim stupnjem
polimerizacijskog skupljanja i ve¢im rasipanjem energije, $to
povecava dubinu stvrdnjavanja (11). Neka ispitivanja poka-
zala su da se neki takvi materijali mogu uspjesno polimerizi-
rati i pri debljini sloja od 5 mm, zahvaljuju¢i pove¢anoj tran-
smisiji svjetla kroz takvu vrstu materijala (12, 13). Suprotno
tomu, neka istrazivanja pokazala su znacajno manju dubinu
stvrdnjavanja bulk-fill kompozitnih materijala nego sto to na-
vodi proizvodac (14, 15).

No bez obzira na to koja je vrsta kompozitnog materi-
jala koristena, nedostatno osvjetljivanje, posebno u dubo-
kim dijelovima kompozitne restauracije, jo$ uvijek predstav-
lja znatan problem. U nekim klini¢kim situacijama gotovo
je nemogude postaviti izvor svjetla izravno na povrsinu kom-
pozitnog materijala, osobito u dubokim i podminiranim ka-
vitetima (16 — 18). U tom slucaju caklina i dentin umanju-
ju intenzitet, odnosno energiju svjetla emitiranu iz uredaja
za polimerizaciju, ovisno o transmisijskim i difuzijskim svoj-
stvima cakline i dentina i kompozitnog materijala (16 — 19).

Transmisija svjetla za polimerizaciju kroz caklinu i den-
tin nije dovoljno opisana u stru¢noj literaturi. Kada je svjetlo
aplicirano paralelno s dentinskim tubulusima, rasprsuje se
uglavnom s dentinskih tubulusa. Istodobno, naéin rasprsiva-
nja svjetla na obliteriranim dentinskim tubulusima ne razli-
kuje se od onoga na regularno strukturiranom dentinu (20,
21). U nekim istraZivanjima opisan je ucinak osvjetljivanja
kroz caklinu na svjetlosno stvrdnjavajuce restaurativne mate-
rijale pa autori zaklju¢uju da rasprsivanje svijetla kod cakline
znacajno smanjuje dubinu stvrdnjavanja i ¢vrstocu polimeri-
ziranog kompozitnog materijala (17, 19, 22, 23). No jo$ nije
potpuno jasno utjecu li disperzija svjetla kroz caklinu te ca-
klina i dentin na mehanicka svojstva i dubinu stvrdnjavanja
kompozitnog materijala.

Stupanj konverzije smolastih materijala jedan je od zna-
¢ajnih parametara za procjenu mehanickih svojstava poli-
meriziranog kompozitnog materijala. Moze se odrediti di-
rekenim ili indirekenim postupkom. Direktnim postupkom
stupanj konverzije kompozitnog materijala obi¢no se odre-
duje uporabom Fourier transform infrared spektroskopije
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troscopy. Indirect methods for assessment of quality of po-
lymerization of composite materials are Knoop and Vickers
hardness (24, 25).

Therefore, the aim of this study was to evaluate the depth
of cure of different composite resins cured directly and trans-
dentally through enamel and enamel/dentin tissues. The null
hypothesis assessed was that light-attenuation by dental tis-
sues does not decrease the depth of cure or mechanical prop-
erties of light-cured composite resins used in this study.

Material and methods

In this in vitro study, five different composite resins were
evaluated: two flowable [SureFil SDR (SDR), Filtek Supreme
Plus Flowable (ESP),], two low-shrinkage [Aelite LS (ALS),
Filtek LS (FLS)], and one microhybrid [TPH 3 Micro Ma-
trix Restorative (TPH)]. The composition of composite res-
ins used in this study is presented in Table 1, according to the
manufacturer’s information.

Table 1

Stvrdnjavanje kompozitnog materijala

(FTIR) ili Ramanovom spektroskopijom. Najces¢e koriste-
na indirektna metoda u procjeni ucinkovitosti polimerizacije
kompozitnog materijala ili stupnja konverzije jest Knoopova
i Vickersova ¢vrstoca (24, 25).

Svrha ovoga rada bila je odrediti dubinu stvrdnjava-
nja razlicitih kompozitnih materijala polimeriziranih izrav-
nim postupkom te transdentalnom polimerizacijom preko
cakline te cakline i dentina uporabom postupka Vickerso-
ve mikro¢vrsto¢e. U tu svrhu postavljena je nulta hipoteza
da rasprienje svjetla uzrokovano zubnim tkivom ne utjece
na smanjenje dubine stvrdnjavanja ni na mehanicka svojstva
svjetlosno polimeriziraju¢ih kompozitnih materijala koriste-
nih u ovom ispitivanju.

Materijali i postupci

U ovom ispitivanju in vitro koristeno je pet razlicitih
kompozitnih materijala — dva tekuca [SureFil SDR, Dentsply
(SDR), Filtek Supreme Plus Flowable, 3M ESPE (ESP),], dva
niskoskupljajuca [Aelite LS, Bisco (ALS), Filtek LS, 3M ES-
PE (FLS)] i jedan mikrohibridni [TPH 3 Micro Matrix Re-
storative, Dentsply (TPH)].

Sastav kompozitnih materijala (prema podatcima proi-
zvodaca) koristenih u ovom ispitivanju prikazan je u tabli-
cl.

Commercial name, chemical composition and batch number of the composite materials used in this study.

Tablica 1. Tvornicko ime, kemijski sastav i serijski broj kompozitnih materijala koristenih u ispitivanju

Material
(Manufacturer) Chemical Composition Batch # ¢
Materijal Kemijski sastav Serijski broj
(proizvodjac)
Polymerizable dimethacrylate resins, polymerizable urethane dimethacrylates, barium
SureFil SDR boron fluoro-aluminosilicate glass, silicon dioxide, amorphous, strontium aluminosilicate
(Dentsply, York, PA, USA) glass, and titanium dioxide ® Polimeriziraju¢e dimetakrilatne smole, polimerizirajui 091028

Bulk Fill Flowable ® Bulk Fill teku¢i

uretan dimetakrilati, barijevo boro fluoro-alumosilikatno staklo, silicijev dioksid, amorfno
stroncijevo aluminosilikatno staklo, titanijev dioksid

Filtek Supreme Plus
(3M ESPE, St Paul, MN, USA)
Flowable ¢ Tekudi

Silane treated ceramic, silane treated silica, bisphenol a polyethylene glycol diether
dimethacrylate, diurethane dimethacrylate, bisphenol A diglycidyl ether methacrylate,
triethylene glycol dimethacrylates, benzotriazol, ethyl 4-dimethyl aminobenzoate,
diphenyliodonium hexafluorophosphate ® Keramika tretirana silanom, silika tretirana 9JL
silanom, bisfenol polietilen glikol dieter dimetakrilat, diuretan-dimetakrilat, bisfenol
A diglicidil eter metakrilat, trietilen glikol dimetakrilat, benzotriazol, etil 4-dimetil
aminobenzoat, difeniljod heksafluorofosfat

Aelite LS Posterior
(Bisco, Schaumburg, 11, USA)

Ethoxylated bisphenol A glycol dimethacrylate, bisphenol A glycol dimethacrylates,
triethylene glycol dimethacrylates glass filler, and amorphous silica ¢ Etoksilirani bisfenol

Low shrinkage hybrid » A glikol dimetakrilat, bisfenol A glikol dimetakilat, trictilen glikol dimetakrilatno 1000005228
Niskoskupljaju¢i hibrid stakleno punilo, amorfna silika
Silane treated quartz, 3,4-epoxycyclohexylcyclopolymethylsiloxane, BIS-3,4-
epoxycyclohexylethyl-phenyl-methylsilane, yttrium wifluoride, mixture of epoxy-mono-
Filtek LS silanole, mixture of epoxyfunctional di- and oligo-siloxane, mixture of alpha-substituted,
(3M ESPE, St Paul, MN, USA) tetrakis(pentafluorophenyl)-[4-(methylethyl) phenyl] (4-methylphenyl)iodonium ¢ Kvarc N169991
Low shrinkage silorane based ® tretiran silanom, 3,4-epoksiklorheksiciklopolimetilsiloksan, BIS-3,4-epoksicikloheksetil-
Niskoskupljaju¢i temeljen na siloranima | fenil-metilsilan, itrijev trifluorid, mjesavina epoksi-mono-silanola, mjesavina epoksi-
funkcionalnih di- i oligo-siloksana, mjeSavina alfa-supstituta, tetra (pentafluorfenil-4-
metiletil fenil 4-metilfenil jod.
Titanium dioxide, hydrophobic amorphous fumed silica, silica (amorphous), barium
TPH 3 Micro Matri . boron fluoro alumino silicate glass, urethane modified Bis-GMA dimethacrylates,
icro Matrix Restorative olymerizable dimethacrylate resin, inorganic iron oxides ¢ Titanijev dioksid, hidrofobna
(Dentsply, York, PA, USA) POy 4 ) 1OTg ) ’ 100310

Microhybrid ¢ Mikrohibrid

amorfna silika, amorfna silika, barij boro-fluoroalumosilikatno staklo, uretanom
modificirani Bis-GMA dimetakrilati, polimeriziraju¢e dimetakrilatne smole, anorganski
zeljezni oksidi
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Enamel and enamel/dentin discs preparation

An intact freshly extract, non-carious, non-restored hu-
man third molar was selected after the donors’ informed
consent was obtained under a protocol approved by the in-
stitutional review board of the University of Southern Cali-
fornia. The tooth was scaled, cleaned, stored in 0.5% chlo-
ramine solution at 4° C to prevent bacteria growth and used
within three months after extraction.

The tooth was sectioned in mesio-distal direction, par-
allel to its long axis using a diamond saw (Isomet 1000,
Buehler Ltd., Lake Bluff, IL, USA) under distilled water-
cooling to obtain a buccal and a lingual tooth slab. Both
slabs were then further trimmed with a fine diamond bur in
a high-speed hand piece under water cooling to obtain discs
with a final diameter of 4 mm each. The discs were then pol-
ished using a waterproof 600-grit silicon carbide paper under
running water to create a disc of enamel with a final thick-
ness of 1 mm and another disc of enamel and dentin with a
final thickness of 2 mm. Both discs were immersed in 0.5 M
ethylenediaminetetraacetic acid (EDTA) solution for 2 min
for cleaning and removal of the smear layer. The discs were
then thoroughly rinsed with distilled water for 60 s and then
stored in the same solution to avoid dehydration.

Depth of Cure by Vickers Microhardness

Opaque standardized polytetrafluoroethylene molds,
with 2- and 4-mm thickness and an internal diameter of 2
mm, were used to fabricate the composite specimens. The
molds were then placed on the top of a glass slide; the inter-
nal portion of the mold was filled in bulk with each compos-
ite resin and covered with another glass slide with a pressure
of 1 kg for 30 sec. The composite resin specimen was then
light-cured directly, through a disc of enamel with 1 mm of
thickness, or through a disc of enamel/dentin with 2 mm of
thickness. All specimens were light-cured for 40 sec with ir-
radiance of 800mW/cm?* (Elipar 2500, 3M ESPE, St Paul,
MN, USA), keeping the tip of the light-curing unit in con-
tact with the glass slide or the dental tissue disc (Figure 1).

After polymerization, each specimen was removed from
the mold and stored in distilled water for 24 h at 37°C in a
dark container. Subsequently, microhardness measurements
were taken from the top and bottom surfaces of each speci-
men using a Vickers microhardness tester (Buehler MicroM-
et, Buehler Ltd., Lake Bluff, IL, USA). The micro indenter
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Preparacija caklinskih i caklinsko/dentinskih diskova

Intakeni svieze ekstrahirani nekarijesni i nerestaurirani
ljudski tre¢i molar (kutnjak) izabran je nakon potpisivanja pri-
stanka donora prema protokolu koji je odobrilo Eticko povje-
renstvo Sveudilista Juzne Kalifornije (University of Southern
California). Ostatak parodontnog tkiva poslije ekstrakeije
uklonjen je skelerom nakon ¢ega je zub temeljito ocis¢en te po-
hranjen u 0,5-postotnu otopinu kloramina na temperaturi od
4 °C kako bi se sprijecio rast bakterija. Tako spremljeni zub ko-
riten je unutar tri mjeseca poslije ekstrakeije.

Zub je prerezan dijamantnom pilom (Isomet 1000, Bue-
hler LTd., Lake Bluff, IL, SAD) u mezio-distalnom smjeru,
paralelno s uzduznom osi, uz hladenje destiliranom vodom
kako bi se dobili bukalni i lingvalni uzorci zuba. Nakon toga
uzorci su dalje rezani finim dijamantnim svrdlom postavlje-
nim na elektriénu turbinu uz hladenje vodom kako bi se do-
bili diskovi kona¢nog promjera od 4 mm. Diskovi su zatim
polirani vodootpornim silikonskim karbidnim papirom (od
600 grita) pod mlazom vode kako bi se dobili diskovi cakli-
ne konacne debljine od 1 mm te disk od cakline s dentinom
zavréne debljine od 2 mm. Oba diska uronjena su dvije mi-
nute u 0,5 M etilendiamintetraoctenu kiselinu (EDTA) zbog
¢is¢enja i uklanjanja zaostatnog sloja. Nakon toga temeljito
su ispirani destiliranom vodom 60 sekunda te pohranjeni u
istu otopinu kako bi se izbjegla dehidracija.

Dubina stvrdnjavanja mjerena Vickersovim mjera¢em
mikrocvrstoce

Opakni standardizirani politetrafluoroetilni kalup de-
bljine 2 i 4 mm te unutarnjeg promjera od 2 mm, koriSteni
su za pripremu kompozitnih uzoraka. Kalupi su stavljeni na
povrsinu pokrovnog stakalca — u unutarnji dio kalupa stav-
lien je u jednom komadu svaki ispitivani kompozitni mate-
rijal, a zatim je prekriven drugim pokrovnim stakalcem uz
30-sekundni pritisak od 1 kg. Kompozitni uzorci osvijetlje-
ni su nakon toga direktnim postupkom, kroz disk od cakli-
ne debljine 1 mm, te kroz disk od cakline/dentina debljine 2
mm. Svi uzorci osvjetljavani su 40 sekunda intenzitetom od
800 mW/cm2 (Elipar 2500, 3M ESPE), paze(i pritom da je
radni dio uredaja za polimerizaciju u kontaktu s pokrovnim
stakalcem ili diskom od zubnog tkiva (slika 1.).

Nakon polimerizacije svaki je uzorak izvaden iz kalupa i
spremljen u destiliranu vodu 24 sata na temperaturi od 37 °C
u tamnom kontejneru. Nakon toga je mikro¢vrstoda izmje-
rena na povrsini i na dnu svakog uzorka uporabom Vickerso-
va mjera¢a mikro¢vrstoée (Buehler MicroMet, Buehler Lid.,

olytetrafluoroethylene molds

with 2 and 4 mm of thickness one increment

el ]

Composite resin placementin  Glass slide compressic-m for
30 s before light-curing

Light-curing for40s  Samples with 4 mm of thickness

Figure 1 Working flow of the composite resin specimens’ fabrication for the Vickers microhardness test.
Slika 1. Postupak pripreme uzoraka kompozitnih materijala za mjerenje Vickersove mikroévrstoce



. Sartori et al.

was pressed to the composite specimen using a load of 100
g for 15 sec. Vickers microhardness was measured at four
points of each surface (top and bottom) of the specimen to
minimize measurement errors within a specimen.

Statistical Analysis
The Vickers hardness values were analyzed using a sta-

tistical software package (SPSS 17, SPSS Inc., Chicago, IL,
USA). The data was first analyzed for normality with the
Shapiro-Wilk test. Since all groups showed a normal distri-
bution, the differences in the microhardness between the
composite resins, light-curing procedure (direct, transdental
through enamel or enamel and dentin) and depth of cure
(top and bottom surfaces) were statistically analyzed using
3-way ANOVA. To isolate statistical significance among the
groups, the data was submitted to Tukey HSD post-hoc test
at a confidence level of 95 %.

Results

Results of the VH measurements for all composite res-
in, light-curing protocol and surfaces were presented in Ta-
ble 2. The VH of the top surface of the composite resins
revealed that the highest values of microhardness were ob-
served with the low shrinkage hybrid resin (ALS), regardless
of the curing procedure (directly, through enamel or enamel/
dentin discs). Both flowable composite resins, SDR and FSP,
show the lowest values of VH on the top surface, regard-
less of the light-curing modes. No statistically significant dif-
ference was observed between two flowable composites, re-
gardless of the light-curing procedure except when curing
through 4 mm sample (P>0.05). At the bottom surface of the

Table 2
specimens.

Stvrdnjavanje kompozitnog materijala

Lake Bluff, IL, SAD). Mikromjerac je pritisnut na kompozit-
ni uzorak uporabom optere¢enja od 100 g tijekom 15 sekun-
da. Vickersova mikro¢vrsto¢a mjerena je na Cetiri mjesta na
svakoj povrsini uzorka (gornja povrsina uzorka i dno uzorka)
kako bi se minimizirale pogreske pri mjerenju.

Statisticka analiza

Vrijednosti Vickersove ¢vrstoce analizirane su statistickom
paketom softvera (SPSS 17, SPSS Inc., Chicago, IL, SAD). Po-
datci su najprije analizirani za normalne vrijednosti uporabom
Shapiro-Wilkova testa. Bududi da sve grupe pokazuju normal-
nu distribuciju, razlika u mikrocvrstoéi izmedu kompozitnih
materijala, postupka polimerizacije (direktna, transdentalna
kroz caklinu ili caklinu/dentin) i dubina stvrdnjavanja (povr-
$ina ili dno uzorka), statisticki su analizirani programom tro-
smjerne ANOVA- e. Da bi se utvrdila statisticka znacajnost iz-
medu grupa, podatci su analizirani Tukeyevim post-hoc HSD
testom s razinom pouzdanosti od 95 %.

Rezultati

Rezultati VH mjerenja za svaki kompozitni materijal na
povrsini i na dnu uzorka pri osvjetljavanju direktnim po-
stupkom te preko cakline i caklinsko/dentinskih diskova za
uzorak debljine od 2 i 4 mm prikazani su u tablici 2.

VH povrsine uzorka kompozitnih materijala pokazao je
da je najveca vrijednost mikro¢vrsto¢e zapazena za niskosku-
pljaju¢i hibridni kompozitni materijal ALS, bez obzira na po-
stupak osvjetljavanja (direktna polimerizacija, polimerizacija
preko caklinskih ili caklinsko/dentinskih diskova). Oba te-
ku¢a kompozitna materijala — SDR i FSP, pokazala su najni-
ze vrijednosti VH-a na povrsini uzorka ne uzimajuéi u obzir
postupak polimerizacije. Nije uocena statisticki znacajna ra-

Mean microhardness values and statistical results of the composite resins evaluated on the top and bottom surfaces of the

Tablica 2. Srednje vrijednosti mikrocvrstoce i statisticki rezultati uzoraka kompozitnih materijala s povrsine i dna uzorka

Curing protocol ®

o . SDR FSP ALS FLS TPH
Postupak osvjetljavanja
Direct ¢ Direktni 25.724 29.50+ 75.97¢ 48.648 47.80
Enamel * Caklina .. 25.68% 25.08* 58.83¢ 42,878 48,98
Eramel Dent Top * Povrsina
namel/Dentin ¢ “ N < D <
Caklina/Dentin 21.74 26.04 49.87 40.66 47.22
Direct ¢ Direktni 25.464 28.78¢ 43,338 40.708" 46.70%8¢
Enamel * Caklina Bottom ¢ Dno 23.26" 19.18%P 36.00°5P 32.90%5°F 42.20:¢P
e (2 mm) ‘ ‘ A N A
Lamel/Dendn 18,0200 18,6200 34,4255 27,60 35,0755
Direct ® Direketni 25.00%* 22.148% 36.350 24,924 39.64%¢
Enamel * Caklina Bottom ¢ Dno 20.54%4 14,7205 34,172 16.285* 31.20°¢*
ine (4 mm)
ECn;krEii %::t?n 15.004° 123208 29.86"7 9.82E 27.20

Means with the same superscript lower-case letters, within the same column for each surface (comparing the curing protocols) are not statistically
different (P>0.05). * Srednje vrijednosti s istim u superskriptu malim slovom, u istoj koloni za svaku povrsinu (usporedujui postupak osvjetljavanja)
nisu statisticki razlicite (P > 0,05).

Means with the same superscript upper-case letter, within the same row (comparing the composite resins), are not statistically different (P>0.05). ®
Srednje vrijednosti s istim u superskriptu velikim slovom, u istom retku (usporedujuci kompozitne materijale), nisu statisticki znacajne (P > 0,05).
Means of the bottom surface with asterisk differ from top value when light-cured using the same protocol (P<0.05). For the bottom surfaces, means
with the same superscript Greek letter, within the same column, are not statistically different (P>0.05). ¢ Srednje vrijednosti dna uzorka sa zvjezdicom
razli¢itom od vrijednosti izmjerene na povrsini uzorka pri istom protokolu osvjetljavanja (P < 0,05); za dno uzorka, srednje vrijednosti s istim grékim
slovom u superskriptu, u istoj koloni, nisu statisticki znacajne (P >,05).
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Figure 2 Graphical representation of the microhardness means (in
Vickers) of the flowable composite resin SureFil SDR on
top and bottom surfaces.

Slika 2. Graficki prikaz srednjih vrijednosti mikroévrstoce
(Vickersove) tekuceg kompozitnog materijala SureFil SDR
na povrsini i na dnu uzorka

4-mm thick sample, the lowest VH values were observed for
the groups SDR, FSP and FLS for all curing procedures. The
highest values at bottom surface of the 4 mm thick sample
were observed for the composites ALS and THP.

For the composite SDR, the VH on the top surfaces was
not affected by the curing procedure (Figure 2). There was
no statistically significant difference between the VH values
of the surfaces evaluated (top and 4-mm bottom) when the
light was applied directly on the composite resin (P>0.05).
However, the interposition of a disc of 2-mm enamel and
dentin significantly reduced VH on the bottom surface of
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Figure 3 Graphical representation of the microhardness means (in
Vickers) of the flowable composite resin Filtek Supreme
Plus on top and bottom surfaces.

Slika 3. Graficki prikaz srednjih vrijednosti mikroévrstoce
(Vickersove) tekuceg kompozitnog materijala Filtek
Supreme Plus na povrsini i na dnu uzorka

Figure 4 Graphical representation of the microhardness means (in
Vickers) of the low-shrinkage composite resin Aelite LS
Posterior on top and bottom surfaces.

Slika 4. Graficki prikaz srednjih vrijednosti mikroévrstoce
(Vickersove) niskoskupljajuceg kompozitnog materijala
Aelite LS Posterior na povrsini i na dnu uzorka

Figure 5 Graphical representation of the microhardness means (in
Vickers) of the low-shrinkage composite resin Filtek™ LS
on top and bottom surfaces.

Slika 5. Graficki prikaz srednjih vrijednosti mikroévrstoce
(Vickersove) niskoskupljajuceg kompozitnog materijala
Filtek LS na povrsini i na dnu uzorka

Figure 6 Graphical representation of the microhardness means
(in Vickers) of the microhybrid composite resin TPH on
top and bottom surfaces.

Slika 6. Graficki prikaz srednjih vrijednosti mikro¢vrstoce
(Vickersove) mikrohibridnog kompozitnog materijala
TPH na povrsini i na dnu uzorka

zlika izmedu dvaju teku¢ih kompozitnih materijala, bez ob-
zira na postupak osvjetljavanja, osim u slucaju osvjetljavanja
kroz uzorke debljine 4 mm (P > 0,05). Na dnu uzorka od 4
mm debljine, najnizi VH-i zabiljezeni su za grupe SDR, FSP
i FSL za sve postupke osvjetljavanja. NajviSe vrijednosti na
dnu povrsine uzorka debljine 4 mm zabiljezene su za kompo-
zitne materijale ALS i THP.

Kad je rije¢ o kompozitnom materijalu SDR, postupak
polimerizacje nije utjecao na VH na povrsini uzorka (slika
2.). Nije utvrdena statisticki znacajna razlika izmedu VH
vrijednosti na povrsini i na dnu uzorka debljine 4 mm ka-
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specimens with 2-mm of thickness. There were statistically
significant difference between the VH of bottom surfaces of
2- and 4-mm SDR specimens when transdental polymeriza-
tion was used (P<0.05).

For the composite FSP, the curing procedure did not af-
fect the VH top surface (Figure 3). There was, however, a sig-
nificant reduction in the VH at the bottom surface of spec-
imens with 4-mm, even when the light was applied directly
on the composite resin (P<0.05). The presence of dental tis-
sue discs significantly reduced the VH on the bottom surfac-
es, regardless of the specimen thickness.

For the composite ALS, the curing procedures signifi-
cantly reduced the VH on top and both bottom surfaces of
the composite resin (Figure 4). There is a significant reduc-
tion on the microhardness at the bottom surfaces (2- and
4-mm) regardless of the light-curing procedure.

For the composite FLS, the presence of a disc of 1 mm
of enamel or 2 mm of enamel and dentin affect the top and
bottom (2- and 4-mm) surfaces VH (P>0.05) (Figure 5). The
lowest values of VH were observed at the bottom surface
with 4 mm of thickness for when polymerized through the
enamel and dentin disc (9.82 VH).

For the composite TPH, the curing mode did not affect
the top surface polymerization (Figure 6). There was a signif-
icant reduction on the microhardness at the bottom surface
(4-mm) even when the light was applied directly on the res-
in specimen. The presence of a dental tissue disc significant-
ly reduced the VH on the bottom surfaces of specimens with
2- and 4-mm thickness (P<0.05).

Discussion

There are many published studies analyzing transmission
of the blue light through different composite materials, how-
ever, there is a lack of data about transmission of the blue
light through hard tooth structure, dentin and enamel, and
how that will impact curing of composite materials (26, 27).
Manufactures try to optimize and improve light transmit-
tance through composite resin by changing and modifying
organic matrix chemistry and morphological properties of
fillers (26). As the dental composites are heterogeneous sub-
stances, the passing light is scattered at the resin-filler inter-
face due to the differences in the refractive indices of the in-
dividual compounds (28, 29).

Uusitalo et al. (20) conducted a study where authors
tested light transmittance through differently treated den-
tin and enamel surface. They concluded that light transmis-
sion through dentin was less than light transmission through
enamel. Further, they found that the light is transmitted
better through wet dentin and enamel than through dry
substrate. Also, the exposed dentin tubules enhanced light
transmission through the dentin surface (20). In our study,
light irradiation through dental tissue significantly reduced
the depth of cure of all composite resins evaluated, includ-
ing the low-shrinkage and bulk-fill composites. Therefore,
the null hypothesis stating that light-attenuation by dental
tissues does not decrease the mechanical properties or the
depth of cure of composite resin was rejected.

Stvrdnjavanje kompozitnog materijala

da je svjetlo aplicirano direktno na kompozitni materijal (P
> 0,05). Medutim, osvjetljavanje preko diska cakline/denti-
na debljine 2 mm znadajno je utjecalo na smanjenje VH vri-
jednosti na dnu povrsine uzoraka debljine 2 mm. Uocena
je takoder statisticki znacajna razlika izmedu VH-a na dnu
uzoraka debljine 2 i 4 mm SDR uzoraka u slu¢aju postupka
transdentalne polimerizacije (P < 0,05).

Pri koristenju kompozitnog materijala FSP, postupak
osvjetljavanja nije utjecao na VH na povrsini uzorka (slika
3.). No zabiljezeno je znacajno smanjenje VH-a na dnu uzor-
ka debljine 4 mm ¢ak i u slu¢aju direktnog osvijetljavanja (P
<0,05). Diskovi zubnog tkiva znacajno smanjuju VH na dnu
uzorka, bez obzira na debljinu uzorka.

Pri upotrebi kompozitnog materijala ALS, postupak
osvjetljavanja znacajno smanjuje VH na povrsini i na dnu
uzoraka debljine 2 i 4 mm (slika 4.). Uoceno je znacajno
smanjenje mikro¢vrsto¢e na dnu uzoraka (2 i 4 mm), bez ob-
zira na postupak polimerizacije.

Pri koriStenju kompozitnog materijala FLS, diskovi ca-
kline debljine 1 mm te cakline/dentina debljine 2 mm ugje-
cali su na VH i na povrsini i na dnu uzorka (P > 0,05) (slika
5.). Najniza vrijednost VH-a zapazena je na dnu uzorka de-
bljine 4 mm pri polimerizaciji kroz diskove cakline i denti-
na (9,82 VH).

Kad je rije¢ o kompozitnom materijalu TPH, postupak
polimerizacije nije utjecao na povr$inu uzorka (slika 6.). No
uodeno je znacajno smanjenje mikro¢vrsto¢e na dnu uzorka
(4 mm) ¢ak i kada je uzorak bio izlozen direktnoj polimeriza-
ciji. Diskovi zubnog tkiva znacajno su utjecali na smanjenje

VH-a na dnu uzoraka debljine 2 i 4 mm (P < 0,05).

Rasprava

U stru¢noj literaturi objavljeno je vise studija koje se ba-
ve proucavanjem prolaska plavog svjetla kroz razlic¢ite kom-
pozitne materijale, ali nema dovoljno podataka o njegovu
prolasku kroz tvrdo zubno tkivo, dentin i caklinu, te kako
to utjece na polimerizaciju kompozitnih materijala (26, 27).
Proizvodadi nastoje optimizirati i poboljsati prolazak svjetla
kroz kompozitni materijal mijenjanjem ili modificiranjem
kemijskog sastava organske matrice te morfoloskih svojsta-
va punila (26). Bududi da su dentalni kompozitni materija-
li heterogene supstancije, tijekom prolaska kroz takav sup-
strat svjetlo se rasprsuje na spoju organske matrice i punila
zbog razlike u refraktivnom indeksu pojedina¢nih kompo-
nenti (28, 29).

Uusitalo i suradnici (20) ispitivali su transmisiju svjetla
kroz razlicito tretiranu dentinsku i caklinsku povrsinu. Za-
klju¢ili su da je transmisija svjetla kroz dentin manja nego-
li kroz caklinu. Takoder su ustanovili da je bolja transmisija
svjetla kroz vlazni dentin i caklinu negoli kroz suhi supstrat,
te da eksponirani dentinski tubulusi poboljSavaju transmi-
siju svjetla kroz dentinsku povr$inu (20). U nasem istrazi-
vanju osvjetljavanje kroz dentinsko tkivo zna¢ajno smanjuje
dubinu stvrdnjavanja svih ispitivanih kompozitnih materi-
jala, ukljucujuéi niskoskupljajuée i bulk-fill kompozite. Za-
to je odbijena nulta hipoteza da gubitak svjetla kroz zubno
tkivo ne utje¢e na smanjenje mehanickih svojstava ili dubinu
stvrdnjavanja kompozitnih materijala.
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A standardized test for depth of cure, ISO 4049 test, is
mandatory for manufacturers to certify their resin-based
composites and to set its curing time and increment thickness
(3, 30). This test advocates scraping off the unset materials
immediately after irradiation and measuring the length of the
remaining specimen, which is then divided by two (12, 31).

Surface hardness tests (Knoop or Vickers) have been used
most often to characterize the depth of cure and mechanical
properties of visible light-cured resin based composite ma-
terials (31, 32). Uhl et al (33) showed that the degree of po-
lymerization of composite materials could be better evaluat-
ed with Knoop or Vickers hardness than with depth of cure
tests using a penetrometer. However, data obtained from dif-
ferent studies is difficult to compare mainly due to the dif-
ferent molding methods used. Black molds produce short-
er depths of cure than a stainless-steel molds (34). White
molds, generally made of Teflon or other translucent mate-
rial, may allow more of the curing light to pass through the
mold than through the composite resin (5, 35). Consequent-
ly, this may result in exaggerated depths of cure. Human
tooth molds have also been used but they have varied size
and have not been compared with a 4 mm diameter stain-
less steel mold, as specified in the ISO test to determine the
depths of cure (12, 17, 36, 37).

Variations in the depth of cure between different com-
posite materials may be ascribed initially to light scattering
at particle interfaces and light absorbance by photoinitiators
and pigments present in light-cured resin-based material.
Both, light scattering, and light absorbance reduces the light
penetration through the composite resin sample and there-
fore a reduced degree of conversion or degree of cure (12, 38,
39). Ilie et al (40) tested the correlation between the Vick-
er Hardness and filler loading in composite materials and
concluded that increased filler loading reduces the volume
of resin matrix for polymerization and intrinsically increas-
es hardness (12, 38). Furthermore, the study stated that sat-
isfactory degree of conversion might be due to the refractive
index matching between the resin and filler, which enhances
light transmission through the composite resin sample (40).
Reduction in refractive index differences between resin and
filler improved the degree of conversion and increased depth
of cure as well as color shade matching (12, 28, 41). Uhl et
al (37, 42) explained in their study that the influence of co-
initiators in a composite on the Knoop hardness was less im-
portant in the depth of a composite. This was explained by
the fact that the light transmittance in dental composites is
higher for longer wavelengths than for shorter wavelengths.
Therefore, it can be concluded that a high percentage of the
shorter wavelengths is absorbed near the surface of the com-
posite and cannot excite co-initiators in a deeper portion of
the composite filling. Another study compared light pene-
tration in bulk filled flowable and packable composites in
comparison to regular flowable and conventional compos-
ites. The authors confirmed that amount of light transmitted
through composite was dependent on the amount of scat-
tered and absorbed light (13).

Light transmittance in the dental composite materials
was shown to decrease with increased filler content and for

Effects of Light Attenuation on Composite Resins Polimerization .

Standardizirani test za dubinu stvrdnjavanja — ISO 4049
test, obvezan je za proizvodace kompozitnih materijala ka-
ko bi im se pravilno odredilo vrijeme stvrdnjavanja i deblji-
na slojeva pri postavljanju u kavitet (3,30). Taj test sastoji se
u struganju nestvrdnutog materijala s povrsine uzorka nepo-
sredno nakon osvjetljavanja te mjerenja debljine zaostatnog
uzorka ¢ija se dobivena vrijednost zatim dijeli s dva (12, 31).

Test povrsinske ¢vrstoée (Knoopov ili Vickersov) najée-
$¢e su koristeni za odredivanje dubine stvrdnjavanja i me-
hanickih svojstava svjetlosno polimeriziraju¢ih kompozitnih
materijala (31, 32). Uhl i suradnici (33) pokazali su da se
stupanj konverzije ili polimerizacije kompozitnih materijala
moze bolje odrediti Knoopovom ili Vickersovom ¢vrsto¢om
negoli testom dubine stvrdnjavanja uporabom penetrometra.
No podatke dobivene u razlicitim istrazivanjima tesko je us-
poredivati, uglavnom zbog razlicitih metoda u obavljanju ek-
sperimenta i razli¢itih kalupa. Crni kalupi uzrokuju manju
dubinu stvrdnjavanja negoli oni od plemenitog celika (34).
Bijeli kalupi, uglavnom od teflona ili nekog drugog translu-
centnog materijala, mogu propustati ve¢u koli¢inu svjetla
kroz kalup negoli kroz kompozitni materijal (5, 35). Poslje-
di¢no, to moze rezultirati pogre$nim (visim) rezultatima du-
bine stvrdnjavanja. Kalupi izradeni od zubnog tkiva takoder
se spominju u literaturi, no razli¢itih su veli¢ina te nisu uspo-
redivani s kalupom od plemenitog ¢elika promjera 4 mm ko-
ji se navodi u ISO testu kao obvezan za odredivanje dubine
stvrdnjavanja (12, 17, 36, 37).

Varijacije u dubini stvrdnjavanja izmedu razlicitih kom-
pozitnih materijala mogu biti povezane s raspr$ivanjem svje-
tla na povrsini Cestica punila te apsorpcijom svjetla u fo-
toinicijatoru i pigmenatima u kompozitnom materijalu. I
rasprsivanje i apsorpcija svjetla smanjuju prodiranje svjetla
kroz uzorak kompozitnog materijala i tako smanjuju stu-
panj konverzije ili dubinu stvrdnjavanja (12, 38, 39). Ilie
i suradnici (40) ispitivali su povezanost izmedu Vickersove
¢vrstoce i udjela punila u kompozitnim materijalima te za-
kljucili da porast udjela punila smanjuje volumen organske
komponente za polimerizaciju te pove¢ava unutarnju ¢vi-
sto¢u (12, 38). Uz to, u istoj se studiji istice da zadovoljava-
judi stupanj konverzije moze biti zbog podudaranja refrak-
tivnog indeksa smole i punila, $to poboljsava transmisiju
svjetla kroz uzorak kompozitnog materijala (40). Smanjenje
razlike u refraktivnom indeksu izmedu smole i punila po-
boljsava stupanj konverzije i pove¢ava dubinu stvrdnjavanja
te bolje podudaranje boje kompozitnog materijala (12, 28,
41). Uhl i suradnici (37, 42) objasnili su u svojem istrazi-
vanju da je utjecaj koinicijatora u kompozitnim materijali-
ma na Knoopovu ¢vrsto¢u manje vazan u dubljim dijelovi-
ma kompozitnog uzorka. To je objasnjeno ¢injenicom da je
transmisija svjetla u kompozitnim materijalima veca za duze
valne duljine negoli za krace. Zato se moze zakljuciti da se
visok postotak kratkih valnih duljina apsorbira blize povr-
$ini kompozitnog uzorka i ne moze ekscitirati koinicijatore
u dubljim dijelovima kompozitnog uzorka. Druga skupina
autora usporedivala je prodor svjetla pri uporabi bulk teku-
¢ih kompozitnih materijala i kondenzirajuéih kompozita u
usporedbi s regularnim teku¢im i konvencionalnim kompo-
zitnim materijalima, te su zakljudili da koli¢ina svjetla koja
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irregular filler shape, which is due to the increase of specif-
ic surface between fillers and resin (13, 39, 43-45). A fur-
ther important fact in light transmission through compos-
ite is the treatment of fillers. Silane-coated fillers were shown
to enhance, while uncoated fillers were shown to decrease
light transmission (36). In our study FSP composite was used
which has silane treated ceramic (52-60%) and silane treated
silica (<11%) as stated in the manufacturer instructions. Al-
so, FLS, low-shrinkage composite, has silane treated quartz,
60-70% wt. according to the manufacturer. However, in this
study neither FLS nor FSP has shown superior Vicker’s mi-
cro-hardness in comparison to other tested flowable or low-
shrinkage composite.

The curing light in this study was halogen-curing unit
with broad spectral emission. Arikawa et al (19) discussed
in their study that amount of light transmitted through 1
mm thick enamel was only about 35% of the original light
in the overall wavelength from 400-600 nm. Furthermore,
the light transmission of dental enamel and dentin increased
with increasing wavelength (17-20). In their study Arikawa
etal (19) used an enamel filter made of a mixture of compos-
ite materials, while in our study natural enamel and enamel/
dentin were used. In this recent study, the enamel and enam-
el/dentin samples were collected from the same tooth to
avoid any difference in enamel and dentin composition with
taking samples from different tooth. The enamel and den-
tin samples were also maintained in distilled water and used
immediately to avoid any dehydration, which can have in-
fluence on the final results of light transmission. Regardless
of composite materials used, higher Vickers microhardness
values were observed when they were cured through enam-
el disc than enamel/dentin disc. Arikawa et al (17) showed
in their study that dentin had strong light diffusion charac-
teristics which would encourage the light-attenuating effect
of the hard tissue. It is well established that light intensity
drops with distance regardless of curing unit or composite
materials used (46, 47). It was confirmed that the light in-
tensity used to irradiate the composite material through 0.5
mm of enamel is almost half of the direct irradiation, while
the light intensity attenuation through 1.5 mm enamel was
almost 80% of the original light intensity (48).

From the table 2 it is visible that only for SDR bulk fill
flowable composite material there is no difference between
VH on the top (25.72) and on the bottom — 2 mm (25.46)
and bottom — 4 mm (25.00) when using direct curing pro-
tocol. For all other materials there is a drop in the VH value
when compared the top and bottom 2 and 4 mm in case of
direct curing protocol. The highest drop was noticed in case
of ALS low shrinkage hybrid composite: 75.97 on the top,
44,33 on 2 mm bottom and 36,35 on 4 mm bottom when
direct curing protocol was used.

In clinical setting, when composite material needs to be
cured through tooth structure, special care should be em-
ployed to minimize the reduction of restoration’s mechani-
cal properties. Prolonging irradiation time could compensate
the light-attenuating effect of enamel and dentin. However,
prolonging irradiation time also can raise the temperature in
the composite resin itself, hard dental tissues and the pulp

Stvrdnjavanje kompozitnog materijala

prolazi kroz kompozitni materijal ovisi o koli¢ini rasprienog
i apsorbiranog svijetla (13).

Pokazalo se da transmisija svjetla u dentalnim kompozit-
nim materijalima pada s porastom udjela punila za iregularni
oblik estica punila, $to se povezuje s porastom specifi¢ne po-
vrsine izmedu punila i smole (13, 39, 43 — 45). Nadalje, vrsta
tretmana Cestica punila takoder je jedan od vaznih ¢imbe-
nika koji utjece na transmisiju svjetla kroz kompozitni uzo-
rak. Kod kompozitnih materijala kojima su Cestice presvu-
¢ene silanom uoceno je poboljanje transmisije svjetla, a one
koje nisu presvucene pokazuju smanjenje transmisije svjetla
(36). U nasoj studiji koristen je kompozitni materijal FSP ko-
ji, prema podatcima proizvodaca, sadrzava Cestice keramike
(52 - 60 %) isilike (< 11 %) tretirane silanom. Niskoskuplja-
juéi kompozitni materijal FLS, prema podatcima proizvoda-
¢a, sadrzava i kvarc tretiran silanom (60 — 70 % teZinskog
udjela). No u ovoj studiji ni FLS ni FSP nisu pokazali bolju
Vickersovu mikro¢vrsto¢u u odnosu prema ostalim ispitiva-
nim tekuéim ili niskoskupljaju¢im kompozitima.

U ovom radu koristen je halogenski uredaj za polimeri-
zaciju koji emitira svjetlo Sirokog spektra. Arikawa i suradni-
ci (19) pokazali su u svojom radu da transmisija svjetla kroz
uzorak cakline debljine I mm iznosi oko 35 % ukupno emi-
tiranog svjetla iz uredaja za polimerizaciju pri valnim dulji-
nama od 400 do 600 nm. Istaknimo da transmisija svjetla
kroz caklinu i dentin raste i s porastom valnih duljina (17 -
20). Arikawa i suradnici (19) koristili su se caklinskim fil-
trom napravljenim od mjesavine kompozitnih materijala, a
u nasoj studiji koristeni su prirodna caklina i dentin. U ovoj
studiji caklina i dentin uzeti su s istog zuba kako bi se izbje-
gle bilo kakve razlike u sastavu cakline i dentina ako bi se
uzorci uzimali s razlicitih zuba. Uzorci cakline i dentina ¢u-
vani su u destiliranoj vodi i koriSteni su neposredno da bi
se izbjegla bilo kakva dehidracija koja bi mogla utjecati na
rezultate transmisije svjetla. Bez obzira na vrstu koristenog
kompozitnog materijala u eksperimentu, ako se izuzmu re-
zultati s povrsine, veca Vickersova mikrocvrstoca zabiljezena
je kad su uzorci bili osvjetljeni preko diska od cakline nego-
li preko diska caklina/dentin. Arikawa i suradnici (17) po-
kazali su u svojem istrazivanju da dentin ima izrazito svoj-
stvo difuzije, $to bi trebalo potaknuti prodor svjetla u slucaju
tvrdoga zubnog tkiva. Dobro je poznato da intenzitet svjetla
opada s udaljeno$¢u od izvora svjetla, bez obzira na to koja
se vrsta uredaja za polimerizaciju ili kompozitnog materijala
rabi (46, 47). Potvrdeno je da je intenzitet svjetla pri osvjet-
ljavanju kompozitnog materijala preko cakline debljine 0,5
mm gotovo pola koli¢ine direktnog osvijetljavanja, a intenzi-
tet svjetla koje prode kroz caklinu debljine 1,5 mm gotovo je
80 % direktnog izvora svjetla (48).

U tablici 2. vidi se da samo za bulk fill kompozit SDR ni-
je zabiljeZena razlika izmedu VH-a na povrsini (25.72), na
dnu uzorka od 2 mm debljine (25,46) i na dnu uzorka od 4
mm (25,00) pri direktnom postupku osvjetljavanja. Kod svih
ostalih materijala uocen je pad mikrocvrstoce pri usporedbi
povrsine i dna uzorka debljine 2 i 4 mm u slu¢aju direktnog
osvjetljivanja. Najve¢i pad vrijednosti VH-a zabiljezen je kod
niskoskupljaju¢eg hibridnog kompozita ALS — 75,97 na po-
vrsini, 43,33 na dnu kod uzorka debljine 2 mm te 36,35 na
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(49). Further studies are needed to explore alternatives for ad-
equate polymerization of composite resins under hard dental
tissues and restorative materials, as well as, to evaluate the re-
sponse of pulpal cell to prolonged light irradiation.

Conclusion

The results of this study showed that light-curing attenua-
tion of dental structures negatively affect the micro-hardness
of all composite resins at the bottom surface. Bulk fill flow-
able composite SDR and flowable FSP composite have lower
VH on the top surface. Flowable (SDR and FSP) and micro-
hybrid (TPH) composite resins can be properly polymerized
by direct light irradiation on increments with a thickness up
to 2 mm. To achieve better clinical results for Bulk fill com-
posite polymerization it can be suggested to decrease incre-
mental thickness and/or to extend the curing time.
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Sazetak

Effects of Light Attenuation on Composite Resins Polimerization .

dnu uzorka debljine 4 mm kod direktnog postupka osvjet-
ljavanja.

U klinickim uvjetima, kada se kompozitni materijal tre-
ba osvijetliti preko zubne strukture, treba biti maksimalno
oprezan kako se ne bi narusila mehanicka svojstva bududeg
kompozitnog ispuna. Produzenje osvjetljavanja moze kom-
penzirati prigusenje svjetla pri prolasku kroz caklinu i den-
tin, no to moze uzrokovati porast temperature kako u sa-
mom kompozitu, tako i u dentinskom i pulpnom tkivu (49).
Potrebna su dodatna istrazivanja kako bi se ustanovili najpo-
godniji postupci polimerizacije kompozitnih materijala u slu-
¢aju osvjetljivanja preko zubne strukture ili druge vrste resta-
urativnog materijala te evaluirati odgovor pulpnih stanica na
produljeno osvjetljivanje.

Zakljuc¢ak

Rezultati ovog ispitivanja pokazali su da prigusenje svje-
tla pri prolasku kroz zubnu strukturu negativno utje¢e na
mikroc¢vrsto¢u na dnu uzorka kod svih kompozitnih mate-
rijala koristenih u ovom eksperimentu. Bulk fill (SDR) i te-
ku¢i (FSP) kompoziti imaju nizu Vickersovu ¢vrstoéu na po-
vrdini uzorka. Tekuéi (SDR i FSP) te mikrohibridni (TPH)
kompozitni materijali mogu se dostatno polimerizirati direk-
tnim postupkom osvjetljivanja pri postavljanju slojeva do 2
mm debljine. Kako bi se ostvarila bolja polimerizacija bulk-
fill kompozitnih materijala, preporucuje se postavljati ih u ta-
njim slojevima u kavitet ili produziti vrijeme osvjetljavanja.

Sukob interesa

Autori nisu bili u sukobu interesa.

Zaprimljen: 19. prosinca 2018.

Svrha rada: Polimerizacija svjetlosno stvrdnjavaju¢ih materijala vrlo je ¢est predmet istrazivanja.
Naime, intenzitet svjetla pada prolaskom kroz zubnu strukturu ili kompozitni materijal te tako utjece
na fizicka i mehanicka svojstva zavrsne restauracije. Svrha ovoga rada bila je odrediti dubinu stvrd-
njavanja razlic¢itih kompozitnih materijala polimeriziranih izravno ili transdentalnom polimerizaci-
jom preko diskova izradenih od cakline odnosno cakline/dentina. Materijali i postupci: U eksperi-
mentu je koristeno pet kompozitnih materijala — SureFil SDR, Dentsply (SDR), Filtek Supreme Plus,
3M ESPE (FSP), Aelite LS, Bisco (ALS), Filtek LS, 3M ESPE (FLS) i TPH, Dentsply (TPH). Za svaki ma-
terijal pripremljeno je 30 uzoraka debljine 2 i 4 mm. Uzorci su osvijetljeni (Elipar 2500 3M ESPE)
uredajem za polimerizaciju 40 sekunda na tri razli¢ita nacina: izravnom polimerizacijom ili transden-
talno, preko diskova cakline debljine 1 mm te diskova cakline i dentina od 2 mm. Ukupno je za svaki
uzorak u¢injeno osam mjerenja Vickersove mikrocvrstoce (VH) — Cetiri na vrhu i €etiri na dnu povrsine
uzorka (Micromet, Buehler, 100 g/15 s). Podatci su analizirani statisti¢ckim programom ANOVA-e te
Tukeyevim post-hoc testom HSD (a = .05). Rezultati: Dno uzoraka pokazalo je nizu mikro¢vrstocu
negoli njegova povrsina za sve ispitivane kompozitne materijale, bez obzira na uvjete osvjetljivanja,
osim za kompozit SDR u slu¢aju izravne polimerizacije. Transdentalna polimerizacija kroz caklinsko/
dentinski sloj zna¢ajno smanjuje mikro¢vrsto¢u na dnu uzorka kod svih ispitivanih kompozitnih ma-
terijala (P < 0,05). Zaklju¢ak: Rezultati ovog istrazivanja pokazali su da transdentalna polimerizaci-
ja kroz caklinu i dentin negativno utjece na mikrocvrstoc¢u kompozitnog materijala te kompromitira
mikroc¢vrstocu konaéne kompozitne restauracije.
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