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Sazetak

Svrha: Zadatak ovoga istrazivanja bio je odrediti fizikalna svojstva triju razlicitih vr-
sta kompozitnih smola: Point 4 (mikrohibrid), Solitaire 2 (stlaciv) i Definite (ormo-
cer). Materijal i metode: U fizikalnom dijelu istrazivanja preparirano je po 10 uzo-
raka prema standardnim protokolima iz svakoga od triju restorativnih materijala za
sljedece testove: na tlacnu ¢vrstocu (ADA 27), na vla¢nu ¢vrstocu prema promjeru
presjeka (ADA 27), na ¢vrstocu savijanja (ISO 4049) i na dubinu postignute polime-
rizacije (ISO 4049). Podaci su nakon toga bili podvrgnuti statistickoj analizi uz po-
moc¢ Kruskal-Wallisova testa i Mann-Whitneyeva-U testa. Rezultati: Vrijednosti do-
bivene testovima na tla¢nu ¢vrstocu, vlaénu ¢vrstocu prema promjeru presjeka te
na dubinu postignute polimerizacije bili su sljedeci: Point 4 (202,49, 47,12, 93,09,
4,74); Solitaire 2 (248,92, 59,74, 92,97, 4,12); i Definite (174,73, 50,82, 10,3.15,
5,25). Kod vrijednosti dobivenih za tlacnu ¢vrstocu, vlacnu ¢vrstocu prema promje-
ru presjeka i dubinu polimerizacije bilo je statisticki znatnih razlika (p<0,05), ali ih
nije bilo kod testa na ¢vrstocu savijanja (p>0,05). Zaklju¢ak. Prema rezultatima te-
stova na tla¢nu ¢vrstocu i vla¢nu ¢vrstocu prema promjeru presjeka, materijal So-
litaire 2 postigao je najvisu vrijednosti a Definite je bio najbolji kad je rije¢ o testu
dubine polimerizacije.
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Uvod

Dobar izbor restorativnog materijala jedan je
od najvaznijih ¢imbenika koji odreduju uspjeh u
restorativnoj stomatologiji. Zbog toga su posljed-
njih godina obavljena mnogobrojna istraZivanja u
adhezivnoj stomatologiji (1,2). To je dalo pozitivne
rezultate te pomaze stomatolozima u odabiru pravih
materijala i metoda. Unato¢ tom razvoju, ni jedan
se materijal ne moZe smatrati idealnim s obzirom
na dentalnu restoraciju. Kako bi smanjili negativne
ucinke materijala, stomatolozi moraju dobro pozna-
vati njihova fizikalna, kemijska, bioloska i klinicka

Introduction

In restorative dentistry, choosing the correct re-
storative material is one of the primary variables
that determine its success. Particularly in recent
years, a lot of research has been done on adhe-
sive dentistry (1,2). This has resulted in a number
of positive developments and has provided den-
tists with assistance in selecting the correct mate-
rials and methods. In spite of these developments,
however, it is impossible to refer to an ideal materi-
al in regard to dental restoration. In order to lessen
a material’s negative effects, dentists must know its
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svojstva. To je zbog razlike u preparaciji restoraci-
je i ZvaCne snage zuba te Cinjenice da je uspjeSnost
dentalnih restorativnih materijala vezana za njiho-
va fizikalna i kemijska svojstva (3). Glavni ¢imbe-
nici koji pridonose fizikalnim svojstvima pojedinih
punila su veli¢ina Cestica i njihova disperzija. Ipak,
zna se da sastav smolne matrice materijala utjece i
na fizikalna svojstva (4-7). Fizikalna je snaga glav-
ni ¢imbenik koji odreduje uspjeh restorativnog ma-
terijala. Kakvoca izvedbe materijala pod Zvacnim
silama utjece na vlac¢nu, tlacnu i posmi¢nu cvrsto-
¢u te ¢vrstocu savijanja(3). Kao $to je slucaj s mno-
gim proizvodima, pozeljno je zamijeniti ranije ra-
zvijene kompozitne smole za koje se utvrdilo da im
karakteristike nisu sjajne jer nemaju dovoljan ot-
por na troSenje i kratkotrajne su, te trZiStu predsta-
viti proizvode visoke kakvoce za klini¢ku primjenu.
S tom su namjerom posljednjih godina razvijeni hi-
bridni, kondenzibilni i ormocerski kompoziti, kao
zamjena amalgamskim materijalima. Solitaire (He-
raeus Kulzer, Njemacka) bio je prva kondenzibil-
na kompozitna smola na trziStu — proizveden je bio
godine 1997. Poslije je poboljSan i nazvan Solitai-
re 2 (Heraeus Kulzer, Njemacka). Tehnika primjene
sli¢na je onoj koja se koristila za amalgamske ispu-
ne. Uporaba metalnih trakica sa steza¢em i kol¢ica
omogudila je jednostavnije interproksimalne kon-
takte (5, 8, 9). Godine 1998. predstavljen je Defi-
nite (Degussa, Hanau, Njemacka) kao prvi dentalni
restorativni materijal na temelju "ormocerske" (or-
ganski preinacena keramika) tehnologije. Razvijeni
su i multifunkcionalni uretan i tioeter-metakrilatski
alkoksilani kao sol-gel prekursori za sintezu inor-
gansko-organskih kopolimernih kompozitnih ma-
terijala za dentalnu primjenu. Reakcijama hidrolize
i polikondenzacije u alkoksisilnim skupinama si-
lana potice se nastanak inorganske mreze Si-O-Si,
dok su metakrilatne skupine jo$ dostupne za svje-
tlom aktiviranu organsku polimerizaciju. Novost u
inorgansko-organskom kopolimernom sastavu De-
finitea bio je navodno revolucionarni pomak s obzi-
rom na mehanicka svojstva i nacine postupka. Point
4 (Kerr Sybron, Orange, Kanada) razvijen je kombi-
nacijom karakteristika postojanog hibridnog kom-
pozita i estetske mikropunjene kompozitne smo-
le. To je bio materijal koji se jednostavno polirao,
a sadrZavao je ultra male Cestice s lijepim estetskim
svojstvom i niskom disperzijom Cestica punila.

Svrha je ovog istraZivanja odrediti fizikalna svoj-
stva triju vrsta kompozitnih smola: Pointa 4 (mikro-
hibrida), Solitaira 2 (kondenzibilan) i Definitea (or-
mocera).

Fiziklana svojstva svjetlosno polimerizirajuceg kompozita

physical, chemical, biological and clinical proper-
ties well. This is due to the differences in restoration
and the mastication strength of teeth and the fact
that the success of dental restorative materials is re-
lated to their physical and chemical properties (3).
The main factors affecting physical properties are
filler type, size and dispersion. It is common knowl-
edge, however, that the make up of a material’s res-
in matrix also has an effect on its physical proper-
ties (4-7). Physical strength is the main factor which
determines the clinical success of a restorative ma-
terial. The restorative material’s performance un-
der mastication force affects the tensile, compres-
sion, shear and flexural strengths (3). As with most
products, it is desirable to replace earlier developed
composite resins found to have inadequate charac-
teristics, such as wear resistance and durability, and
introduce higher quality products into the market
for clinical use. It was with this purpose in mind
that hybrid, packable and ormocer composite resins
have been developed as alternative amalgam ma-
terials over the past few years. Solitaire (Heraeus
Kulzer, Germany), the first packable composite res-
in to be introduced, came on the market in 1997.
Later, after improving its physical properties, Sol-
itaire 2 (Heraeus Kulzer, Germany) was released.
An application technique similar to that used with
amalgam can be used for the placement. The use
of metal matrix bands and wedges allow for easier
establishing of interproximal contacts (5, 8, 9). In
1998, the material Definite (Degussa, Hanau, Ger-
many) was marketed as the first dental restorative
material based on "ormocer", organically modi-
fied ceramic technology. Multifunctional urethane
athioether methacrvlate alkoxysilanes have been
developed as sol-gel precursors for synthesis of in-
organic-organic copolymer composite materials for
dental applications. By hydrolysis and polyconden-
sation reactions the alkoxysilyl groups of the silane
promote the formation of an inorganic Si-O-Si net-
work, while the methacrylate groups are still avail-
able or light-activated organic polymerisation. The
novel inorganic-organic copolymer composition of
Definite was claimed to represent a revolutionary
breakthrough with respect to mechanical properties
and handling characteristics. Point 4 (Kerr,Sybron,
Orange, Canada) was developed by combining the
characteristic of a durable hybrid composite and an
aesthetic microfil composite resin. Point 4 was an
easily polished material consisting of ultra small
particles with a nice aesthetic quality. The disper-
sion of filler particles is quite low.
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Materijali i metode

Odredeni su bili tlacna i vla¢na ¢vrstoca, dubina
polimerizacije i ¢vrstoca savijanja hibridnog kompo-
zita (Pointa 4), ormocera (Definitea) i kondenzibil-
nog kompozita (Solitaira 2). Kompozitni materijali
rabljeni u ispitivanju navedeni su u Tablici 1. Pripre-
mili smo deset uzoraka od svakoga spomenutog re-
storativnog materijala za svako testirano fizikalno
svojstvo, s kona¢nim zbrojem od 120 uzoraka.

Tablica 1. Tehnicki profili procijenjenih restorativnih materijala
Table1 Technical profiles of the restorative materials evaluated
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The purpose of this research is to determine
physical properties of three types of composite res-
in: Point 4 (microhybrid), Solitaire 2 (packable) and
Definite (ormocer).

Materials and methods

Compressive strength, diametral tensile strength,
depth of cure and flexural strength of a hybrid com-
posite (Point 4), ormocer (Definite) and packable
composite (Solitaire 2) were determined. The com-
posite materials used in this study are listed in Table
1. We made 10 specimens of each restorative mate-
rial for each physical property tested, resulting in a
total of 120 specimens.

Materijal « Material Definite

Solitaire 2 Point 4

Ormocer matrica ® Ormocer
matrix

UDMA, BISGA, TEGDMA,
Matrica  Matrix Tetra funkcionalni monomer e |BISGMA, TEGDM, EBADM
Tetra functional monomer

Punila e Fillers

barijevo staklo, silikat ¢ Barium | Ba,SiO, SiO,, modificirani

BaG, Pigmenti * Pigments

Filler content % by weight

glass, silicate apatit » modified apatit
Velic¢ine punila e Filler size 1-1.5 0.7-5-8 0.4
% udjela punila prema teZini ® 1% 75% 76%

% udjela punila prema volumenu

» Filler content % by volume 61% 66% >7:2%

Proizvodat * Manufacturer .Degussa, Hanau, .Heraeus Kulzer, Kerr, Sybron, Orange,
Njemacka ¢ Germany Njemacka ¢ Germany Kanada ¢ Canada

Nijansa * Shade A2 A2 A2

Broj serije ® Lot number 30001791 R185218 205585

Test na vlacnu ¢vrstoc¢u prema promjeru presjeka
Vlacna ¢vrstoca prema promjeru presjeka proci-
jenjena je prema specifikacijama ADA 27. Smole su
bile stavljene u kruzni kalup promjera 6 mm i visi-
ne 3 mm, te postavljene u slojeve od otprilike 2 mm
debljine, a svaki je 40 sekundi polimeriziran svje-
tlom (ovisno o preporukama proizvodaca, svjetlo
mora biti $to je moguce blize povrsini kompozita).
Svjetlosna polimerizacija obavljena je bila pomo-
¢u Hiluxa (Benlioglu, Ankara, Turska) jakosti 450
mW/cm?. Zatim su uzorci bili pohranjeni 24 sata u
destiliranoj vodi na temperaturi od 37+1°C te je naj-
viSa vrijednost primijenjene sile, kad je rije¢ o neu-
spjehu kod materijala, odredena univerzalnim stro-
jem za ispitivanje (LF Plus, LLOYD Instruments,
Ametek Inc, Velika Britanija) kod brzine od 0,5 mm/
min. Vla¢na ¢vrstoca u odnosu prema promjeru pre-
sjeka bila je odredena prema sljedecoj jednadzbi:
Vlacna ¢vrsto¢a prema promjeru presjeka (MPa) =
2 x neuspjesno opterecenje (N)/ it X promjer x duljina

Diametral Tensile Strength Test

Diametral tensile strength was evaluated ac-
cording to ADA 27 specifications. The resins were
placed in a circular mold 6 mm in diameter and 3
mm height. The resins were placed in increments
of approximately 2 mm, each one being light-cured
for 40 s (depending of the manufacturer’s recom-
mendations, lamp must be as close as possible to
the surface of the composite). Light curing was per-
formed using an Hilux (Benlioglu, Ankara, Turkey)
with an intensity of 450 mW/cm?. The cured speci-
mens were stored in distilled water at 37+1°C for 24
hours and the peak force-to-failure was determined
with a universal testing machine (LF Plus, LLOYD
Instruments, Ametek Inc, England) operating at a
crosshead speed of 0.5 mm/min. Diametral tensile
strength was determined according to the following
equation:

Diametral Tensile Strength (MPa) =
= 2x Failure load (N)/ t x Diameter x Length
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Test na tlacnu cvrstocu

Tlacna je ¢vrstoca bila procijenjena prema speci-
fikacijama ADA 27. Smole su bile stavljene u kruz-
ne kalupe promjera 3 mm i visine 6 mm, a zatim po-
stavljene u slojevima od otprilike 2 mm debljine, a
svaki je polimeriziran 40 sekundi (ovisno o prepo-
rukama proizvodaca). Nakon toga su uzorci bili po-
hranjeni 24 sata u destiliranoj vodi na temperaturi
od 37+1°C te je najvisa vrijednost primijenjene si-
le, kad je rije¢ o neuspjehu materijala, odredena uni-
verzalnim strojem za ispitivanje (LF Plus, LLOYD
Instruments, Ametek Inc, Velika Britanija) kod brzi-
ne od 0,5 mm/min. Tla¢na je ¢vrstoca odredena pre-
ma sljedecoj jednadzbi:

Tlacna ¢vrsto¢a (MPa) =
= neuspjesno opterecenje (N)/A2

Test na cvrstocu savijanja

Cvrstoca savijanja procijenjena je prema specifi-
kacijama ISO 4049. Smole su bile postavljene u ka-
lup od nehrdajuceg Celika, dug 25 mm, visok 2 mm i
Sirok 2 mm, a zatim su polimerizirane svjetlom u tri
iradijacije - svaka u trajanju 40 sekundi (prema pre-
porukama proizvodaca). Nakon toga su uzorci bili
pohranjeni 24 sata u destiliranoj vodi na temperaturi
od 37+1°C. Zatim su odloZeni u uredaj za savijanje
u tri to¢ke na paralelnim osloncima i optereceni sve
dok se nije pojavila fraktura kod brzine od 0,5 mm/
min u univerzalnom stroju za testiranje.

Cvrstoéa savijanja (MPa)= 3FL/2BH?

F: neuspjesno optereéenje (N)

L: razmak medu osloncima (20 mm)

B: Sirina (mm)

H: Visina (mm)

Test na dubinu polimerizacije

Dubina polimerizacije bila je procijenjena prema
specifikacijama ISO 4049. Kompozitne su smole bi-
le stavljene u kruzni kalup promjera 4 mm i visi-
ne 8§ mm te su u njima uzorci polimerizirani. Smole
su polimerizirane svjetlom 40 sekundi (prema pre-
porukama proizvodaca), zatim su uzorci izvadeni iz
kruznog kalupa, a nedovoljno polimeriziran mekan
restorativni materijal s dna uzorka bio je uklonjen
plasti¢nom spatulom. Visina valjka polimeriziranog
materijala bila je izmjerena mikrometrom s to¢no-
$¢u od 0,1 mm, a dobivena je vrijednost podijelje-
na s dva. Tu vrijednost biljeZimo pod nazivom dubi-
na polimerizracije prema specifikaciji ISO 4049.

Podaci su nakon toga bili podvrgnuti statisti¢-
koj analizi pomocu Kruskal-Wallisova testa i Ma-
nn-Whitneyeva U testa.

Fiziklana svojstva svjetlosno polimerizirajuceg kompozita

Compressive Strength Test

Compressive Strength was evaluated according
to ADA 27 specifications. The resins were placed in
a circular mold 3 mm in diameter and 6 mm height.
The resins were placed in increments of approxi-
mately 2 mm, each one being light-cured for 40 s
(depending on the manufacturer’s recommenda-
tions). The cured specimens were stored in distilled
water at 37+1°C for 24 hours and the peak force-
to-failure was determined with a Universal Testing
Machine operating at a crosshead speed of 0.5 mm/
min. Compressive Strength was determined accord-
ing to the following equation:

Compressive Strength (MPa) =
= Failure load (N)/A2

Flexural Strength Test

Flexural Strength was evaluated according to
ISO 4049 specifications. The resins were placed
in a stainless steel mold 25 mm long, 2 mm high
and 2 mm wide. The resins were light cured in three
overlapping irradiations of 40 s each (depending on
the manufacturer’s recommendations) Cured spec-
imens were stored in distilled water at 37+1°C for
24 hours. The specimens were positioned in a three-
point bending apparatus on parallel supports and the
loaded until fracture occurred at a cross-head speed
of 0.5 mm/min in universal testing machine.

Flexural Strength (MPa)= 3FL/2BH?

F: Failure load (N)

L: Between the supports (20 mm)

B Width (mm)

H: Height (mm)

Depth of Cure Test

Depth of cure was evaluated according to ISO
4049 specification. The resins were placed in a cir-
cular mold 4 mm in diameter and 8 mm high. We
cured specimens in the depth of cure molds. The
resins were light-cured for 40s (depending on the
manufacturer’s recommendations). The specimens
were removed from the circular mold, and the in-
adequately cured soft restorative material was re-
moved from the bottom of the specimen with a
plastic spatula. The height of the cylinder of cured
material was measured with a micrometer to an ac-
curacy of #0.1 mm, and the obtained value was di-
vided by two. This value was recorded as the depth
of cure according to ISO 4049.

The data were analyzed using Kruskal Wallis
and Mann Whitney-U tests.
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Rezultati

Prosje¢ni rezultati i standardne devijacije kod
testa za vlacnu Cvrstou prema promjeru presjeka
prikazane su u Tablici 2. Prema postignutim rezul-
tatima, bilo je znatnih razlika izmedu materijala De-
finite, Solitaire 2 i Point 4. Tijekom usporedbe re-
zultata testa za ¢vrstocu presjeka prema skupinama
od dva uzorka, razlike izmedu Solitaire 2 i Defini-
tea, te razlike izmedu Solitaira 2 1 Pointa 4 bile su
velike, a one izmedu Definitea 1 Pointa 4 nisu bile
znatne. Prosje¢ni rezultati i standardne devijacije za
test na tlaénu ¢vrstocu prikazani su u Tablici 3. Pre-
ma rezultatima ispitivanja pronadene su znatne ra-
zlike izmedu materijala Definite, Solitaire 2 i Point
4. Tijekom usporedbe u skupinama od dva, razlike
izmedu Solitaira 2 i Definitea, te razlike izmedu So-
litaira 2 1 Pointa 4 pokazale su statisticku znatnost.
Razlike izmedu Definitea i Pointa 4 nisu bile stati-
sti¢ki velike. Prosjecni rezultati i standardne devija-
cije za test ¢vrstoce savijanja prikazani su u Tabli-
ci 4. Prema rezultatima ispitivanja, razlike izmedu
Definitea, Solitaira 2 i Pointa 4 nisu bile statisticki
znatne. Prosje¢ni rezultati i standardne devijacije za
test dubine polimerizacije prikazani su u Tablici 5.
Prema rezultatima ispitivanja, razlike izmedu Defi-
nitea, Solitaira 2 i Pointa 4 statisticki su bile znatne.
Tijekom usporedbe rezultata dubine polimerizacije
prema skupinama od dva, utvrdeno je da su razlike
izmedu Definitea i Pointa 4, Definitea i Solitaira 2,
te Solitaira 2 i Pointa 4 statisticki velike.

Tablica 2. Rezultati testova na vla¢nu ¢vrstocu prema
promjeru presjeka
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Results

The average results and standard deviations for
the diametral tensile strength test are shown in Table
2. According to the test results, there were significant
differences between Definite, Solitaire 2 and Point 4
materials. When diametral strength test results were
compared in groups of two, the differences between
Solitaire 2 and Definite and those between Solitaire
2 and Point 4 were significant differences, whereas
the differences between Definite and Point 4 were not
significant. The average results and standard devia-
tions for the compressive strength test are shown in
Table 3. According to the test results, there were sig-
nificant differences between Definite, Solitaire 2 and
Point 4 materials. When compressive strength test
results were compared in groups of two, the differ-
ences between Solitaire 2 and Definite and those be-
tween Solitaire 2 and Point 4 were found to be statis-
tically significant. The differences between Definite
and Point 4 were not statistically significant. The av-
erage results and standard deviations for the flexur-
al strength test are shown in Table 4. According to
the test results, the differences between Definite, Sol-
itaire 2 and Point 4 materials were not found to be
statistically significant. The average results and stan-
dard deviations for the depth of cure test are shown
in Table 5. According to the test results, the differenc-
es between Definite, Solitaire 2 and Point 4 materials
were found to be statistically significant. When depth
of cure test results were compared in groups of two,
the differences between Definite and Point 4, Defi-
nite and Solitaire 2, and Solitaire 2 and Point 4 were
all found to be statistically significant.

Tablica 3. Rezultati testova na tlacnu ¢vrstocu

Table 2  Diametral tensile strength test results Table 3  Compressive strength test results

Materijal ¢ Prosjek Stan.(.lar‘(-lna Materijal ¢ Prosjek Stan.(.lar‘(-lna
Material o Average Devuacl.]a. i Material o Average Devuacl.]a. i
Standard Deviation Standard Deviation
Definite 10 50.82 2.46 Definite 10 174.73 9.58
Solitaire 2 10 59.74 1.19 Solitaire 2 10 248.92 10.33
Point 4 10 47.12 1.39 Point 4 10 202.49 10.11
Kw=12.54 p=0.002 p<0.05 Kw=13.75 p=0.001 p<0.05

Tablica 4. Rezultati testova na ¢vrstoc¢u savijanja

Tablica 5. Rezultati testova na dubinu polimerizacije

Table 4  Flexural strength test results Table 5 Depth of cure test results
Materijal ¢ Prosjek © Stan.(.lar‘('lna Materijal ¢ Prosjek Stan.(.lar.('lna
Material N Average Devuacua.- . Material N Average Devuacua'- .
Standard Deviation Standard Deviation

Definite 10 103.15 2.79 Definite 10 5.25 0.11
Solitaire 2 10 92.97 3.42 Solitaire 2 10 4.12 0.08
Point 4 10 93.09 4.50 Point 4 10 4.74 0.06
Kw=4.25 p=0.119 p>0.05 Kw=23.75 p=0.000 p<0.05
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Rasprava

Udjel punila, veli¢ina njihovih Cestica i raspodje-
la, ¢imbenici su koji itekako utjecu na fizikalna svoj-
stva kompozitne smole (6, 10, 11). Visoko punjeni
kompozitni materijali mogu posti¢i dobra svojstva
i dobri su za klinicku izvedbu (12,13). Frakture u
sklopu tijela restoracije i na rubovima navedene su
kao velik problem u slu¢aju neuspjeha u radu s po-
steriornim kompozitima. Materijalna svojstva koja
se odnose na frakture, poput otpornosti, elasticite-
ta i marginalnog raspada materijala pod opterece-
njem, obicno se procjenjuju odredivanjem cvrstoce
savijanja i nacina savitljivosti. Dokazano je da volu-
men punila i razina teZine punila kompozita korelira
s ¢vrsto¢om materijala i elasticnosti (14, 15). Mate-
rijali s ve€om ¢vrstoom savijanja manje su skloni
obimnim frakturama restoracije, ali i onima margi-
nalnima (16,17). NavijeSteno je i da sastav smol-
ne matrice utjeCe na mehanicka te fizikalna svojstva
materijala od kompozitnih smola (18,19).

Prema podacima proizvodaca, smolastu fazu ko-
na¢nog kompozita ¢ini ormocer koji ima sposobnost
dvostruke konverzije monomera, $to poboljSava fi-
zikalna svojstva materijala. Prema podacima objav-
ljenima u literaturi, ¢vrstoca savijanja i elasticnost
ormocera statisticki su iste ili niZze od vrijednosti
istih parametara kod hibridnih kompozita (6,20,21).
Sugerira se da punilo, razina njegova optereenja
te interakcije punila i matrice vjerojatno imaju veci
utjecaj na parametre frakture dentalnih kompozita,
negoli sama struktura organske matrice (6,22,23).

Izmedu skupina nije bilo statisti¢ki znatnih razli-
ka. U naSem su istrazivanju restorativni materijali
Point 4, Definite i Solitaire 2 pokazali velike sli¢no-
sti. Dok nisu postojale statisticki velike razlike iz-
medu materijala prema ¢vrstodi savijanja, teZine pu-
nila mogle bi se pokazati djelotvornima.

Vlacna ¢vrstoéa prema promjeru presjeka (DTS)
i tlacna Cvrstoca prihvatljivi su i uobicajeni testo-
vi za ispitivanje dentalnih kompozita (24). U naSem
su ispitivanju DTS-vrijednosti kompozita bile u ras-
ponu od 40 do 60 MPa, a to je prihvatljivo za takve
materijale.

Velika tlacna ¢vrstoc¢a materijala upucuje na ko-
li¢inu vlacne Evrstode koju moZe izdrZati. VaZnost
svojstava kompozitnih smola postala je jasna po-
sljednjih nekoliko godina (25).

Povecanje tlacne ¢vrstoée omoguduje rascjepe,
frakture i pukotine unutar restoracije. A veci udjel
punila u matrici poboljSava mehani¢ka svojstva
dentalnih kompozita, kao $to su tlacna i vlac¢na Cvr-
sto¢a prema promjeru presjeka (24,26-28).
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Discussion

Filler content, filler size and the distribution of
the filler particles were determined to highly influ-
ence the physical properties of the composite resin
(6, 10, 11). The high fillers loaded composites which
are able to achieve good material properties and a
good clinical performance (12,13). Fractures with-
in the body of restorations and at the margins have
been cited as major problem regarding the failure of
posterior composites. The fracture related to mate-
rial properties, such as fracture resistance, elastici-
ty and the marginal degradation of materials under
stress have usually been evaluated by the determi-
nation of the material parameters, flexural strength
and flexural modulus. It has been shown that the
filler volume and filler weight level of the compos-
ites correlate with the material strength and elastic
modulus (14, 15). Higher flexural strength materi-
als are less prone to bulk fracture of the filling as
well as fracture of the margins (16,17). It was sug-
gested that the composition of the resin matrix also
influenced the mechanical and physical characteris-
tics of composite resins (18,19).

According to the manufacturer, the resinous
phase of the definite composite is composed of or-
mocer, which has the capacity to double the conver-
sion of monomers, improving the physical proper-
ties of the material. Flexural strength and modulus
of elasticity of ormocers statistically equal to or
lower than those of hybrid composites were report-
ed in literature. (6,20,21). That suggest that filler
themselves, filler load level, and the filler-matrix
interactions probably have a greater influence on
the fracture parameters of dental composites than
the structure of the organic matrix (6,22,23). There
were no statistically significant differences among
all groups. Point 4, Definite and Solitaire 2 restor-
ative materials were also very close in our study.
While there was no statistically significant differ-
ence between the flexural strengths of the materials,
the filler weights could be efficacious.

Diametral tensile strength (DTS) and compres-
sive strength are acceptable and common tests for
dental composites (24). In the present study, the
composite DTS values were in the 40 to 60 MPa
range, which are acceptable values for composites.

A material’s high compressive strength indi-
cates the amount of tensile strength that it can with-
stand. The importance of the characteristics of com-
posite resins has become clear in recent years (25).
With the increase of tensile strength, gaps, fractures
and cracks can form inside the restoration. An in-
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Razlika izmedu rezultata testova vlacne Cvrsto-
¢e prema promjeru presjeka i tlaéne ¢vrstoce struk-
turalno razlic¢itih materijala Point 4, Solitaire 2 i De-
finite, pokazala se statisti¢ki znatnom. Solitaire 2,
zbog veceg udjela punila, postigao je najbolje re-
zultate.

Test na dubinu polimerizacije vezan je za sljede-
¢e ¢imbenike: veli¢inu Cestica punila, sastav, nijan-
su, translucentnost, intenzitet izvora svjetla i dulji-
nu trajanja iradijacije (29-32). Bududi da su nijansa,
izvor svjetla i duljina trajanja izloZenosti iradijaci-
ji svjetlom uredeni prema standardima za sve ma-
terijale u nasem ispitivanju, ti cimbenici uopée ni-
su utjecali na dubinu polimerizacije. Ona je takoder
vezana za veliCinu Cestica punila. Manhart i surad-
nici dosli su do spoznaje da kompoziti s ve¢im Ce-
sticama punila postiZzu vecu dubinu polimerizacije
(5). Prema rezultatima naseg pokusa, velika dubina
polimerizacije materijala za definitivni kompozitni
ispun mogla bi biti vezana za veli¢inu Cestica puni-
la. Veli¢ina Cestice punila uglavnom pojacava pene-
traciju svjetlosti (33). To je moZda jo$ jedan razlog
da se poveca dubina polimerizacije. Dok su rezulta-
ti naSeg istraZivanja upudivali na razlike medu ma-
terijalima s obzirom na tla¢nu ¢vrstocu, vlacnu ¢vr-
stocu prema promjeru presjeka i vrijednosti dubine
polimerizacije, nije uocena razlika medu materijali-
ma s obzirom na ¢vrstocu savijanja.

Istrazivanja koja se bave fizikalnim svojstvima
predstavljaju prihvatljiv nacin procjene materijala
od kompozitne smole. Ipak, potrebne su kontrolne
klini¢ke studije kako bi se odredila njihova dugo-
ro¢na izvedba u fizioloSkim uvjetima. Izbor restora-
tivnog materijala oslanja se na ocekivana svojstva i
zahtjeve svake preparacije ili restoracije.

Zakljuéci

1. Rezultati testa na vlacnu ¢vrsto¢u za materijale
Definite, Solitaire 2 i Point 4 upucivali su na sli¢-
ne razine izdrZljivosti;

2. Rezultati testa na vlacnu ¢vrstocu prema promje-
ru presjeka otkrili su statisticki znatne razlike iz-
medu materijala Definite, Solitaire 2 i Point 4.
Solitaire 2 je postigao najbolji rezultat.

3. Rezultati testa na tlacnu ¢vrstocu pokazali su
statisticki znatne razlike izmedu materijala De-
finite, Solitaire 2 i Point 4. Solitaire 2 postigao je
najbolje rezultate.

4. Rezultati testa na dubinu polimerizacije otkri-
li su statisticki velike razlike izmedu materijala
Definite, Solitaire 2 i Point 4. Definite je posti-
gao najvecu vrijednost.
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crease in filler content in the matrix improves the
mechanical properties of dental composites, such as
compressive and diametral tensile strength (24,26-
28). The difference between the diametral tensile
strength and compressive strength results of the
structurally different Point 4, Solitaire 2 and Defi-
nite materials was found to be statistically signifi-
cant. Solitaire 2, which has a higher filler volume,
scored the highest.

The depth of cure is related to the following fac-
tors: filler size, composition, shade, translucency,
intensity of light source, and length of irradiation
exposure (29-32). Because the shade, light source
and length of irradiation exposure to light were reg-
ulated according to standards for all of the materials
in our study, these factors had no effect on the depth
of cure. Depth of cure is also related to the size of
the fillers. Manhart et al. findings that larger parti-
cle composites had the greatest depth of cure (5).
According to the results of our experiment, definite
material’s high depth of cure could be related to its
filler particle size. A composite resin’s particle size
increasingly augments the light penetration (33).
This is another explanation for the increase in depth
of cure. While the results of our study indicated dif-
ferences between the materials we used concerning
compressive strength, diametral tensile strength and
depth of cure values, no difference was observed
between the values in regard to flexural strength.

Physical property studies are accepted methods
to evaluate resin materials. However clinical follow
ups are necessary to determine their long-term per-
formance under physiological conditions. The choice
of restorative material rests upon the expected prop-
erties that each cavity or restoration area demands.

Conclusions

1. The results of the flexural strength test for Defi-
nite, Solitaire 2 and Point 4 restorative materials
indicated similar durability levels.

2. The results of the diametral tensile strength test
revealed statistically significant differences be-
tween Definite, Solitaire 2 and Point 4 materials.
Solitaire 2 achieved the highest score.

3. The results of the compressive strength test re-
vealed statistically significant differences be-
tween Definite, Solitaire 2 and Point 4 materials.
Solitaire 2 received the highest score.

4. The results of the depth of cure test revealed sta-
tistically significant differences between Defi-
nite, Solitaire 2 and Point 4 materials. Definite
achieved the highest value.
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Abstract

Objectives: The aim of this study was to determine physical properties of three dif-
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ferent types of composite resins: Point 4 (microhybrid), Solitaire 2 (packable) and

Definite (ormocer). Materials and Methods: In the physical section of this study,
10 samples for each of the following tests were prepared from each of the three
restorative materials according to standard protocols: compressive strength test
(ADA 27), diametral tensile strength test (ADA 27), flexural strength test (ISO 4049)
and depth of cure test (ISO 4049). The data were analyzed using Kruskal Wallis and
Mann Whitney-U tests. Results: The compressive, diametral tensile strength, flex-
ural strength, depth of cure test values respectively of the materials were: Point
4 (202.49, 47.12, 93.09, 4.74); Solitaire 2 (248.92, 59.74, 92.97, 4.12); and Defi-
nite (174.73, 50.82, 103.15, 5.25). While significant statistical differences were ob-
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served in the values of the compressive strength, diametral tensile strength and

depth of cure tests (p<0.05), no significant variance was found in the results of the
flexural strength test (p>0.05). Conclusion: According to the results of the compres-
sive strength and diametral tensile strength tests, Solitaire 2 received the highest
value, whereas Definite scored highest on the depth of cure test.
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