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Abstract

Objectives: to determine the mechanical properties of hybrid and high-viscosity glass ionomer ce-
ments. Compressive strength and hardness of three glass ionomer cements (GIC) were measured:
Ketac ™ Universal Aplicap ™, EQUIA Fil® and EQUIA FORTE Fil®, and the SEM sample analysis were
performed. Material and Methods: The samples for measuring the compressive strength were pre-
pared using silicone molds with standard dimensions of 6 mm x 4 mm and stored in deionized water
for five days, while the samples for hardness measurement were prepared using Teflon molds with
a cylindrical opening in the middle, dimensions 2 mm in height and 5 mm in width. For each materi-
al, one sample was made (n = 1) and stored in deionized water at 37°C for 25 days. A representative
sample of each material was analyzed using SEM. For the comparison of obtained values, the ANOVA
test was used, while Tukey test was used for the multiple comparison. Results: There were no signifi-
cant differences between the compressive strength of the three tested materials (p <0.05). The hard-
ness values were: 157 HVO0,2 for Ketac ™ Universal Aplicap ™, 47 HV0,2 for EQUIA Fil® and 39 HV0,2
for EQUIA FORTE Fil®, respectively, and were significantly different, implying that Ketac ™ Universal
Aplicap ™ has much higher hardness values than the other materials tested. SEM sample analysis
revealed similar fracture modes of the tested materials. Conclusion: It was concluded that there were
no statistically significant differences in compressive strength and fracture modes between the test-
ed materials, while Ketac ™ Universal Aplicap ™ hardness results were significantly higher than the
ones measured for EQUIA Fil® and EQUIA FORTE Fil®.
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Introduction

The ideal in developing new restorative materials in den-
tal medicine is achieving appropriate biological, mechanical
and esthetic properties. Glass ionomer cements (GIC) were
introduced into dental practice during the 1970s of the last
century (1). The GICs are made of powder and liquid; the
powder consists of calcium-aluminum fluorosilicate glass and
the liquid is 35-65% polyacrylic acid (2). The improvements
of physical-mechanical properties over the past decades have
resulted in their application in various areas: restorative den-
tistry, pediatric dentistry, endodontic surgery, postendodon-
tic tooth restoration, atraumatic restorative treatment (ART)
and dental prosthetics (3 - 6).

The GICs are bioactive materials. They have the ability
to release fluoride (7), which is believed to enhance the rem-
ineralization of hard tooth tissue and prevent secondary car-

Uvod

Ideal kojemu se oduvijek tezilo u proizvodnji novih re-
staurativnih materijala u dentalnoj medicini bio je spoj zado-
voljavajucih bioloskih, mehanickih i estetskih svojstava. No-
vo poglavlje u njihovu zblizavanju otvoreno je uvodenjem u
primjenu staklenoionomernih cemenata (SIC-ova) tijekom
70-ih godina proslog stoljeca (1). Sastav SIC-ova su prah i
tekucina — prah se sastoji od kalcijsko-aluminijskog-fluoro-
silikatnog stakla, a teku¢ina je od 35 do 65 % vodena oto-
pina poliakrilne kiseline (2). Poboljsanja kvalitete svojstava
u proteklim desetlje¢ima rezultirala su primjenom SIC-ova
u raznim podru¢jima — u restaurativnoj dentalnoj medicini,
dje¢joj stomatologiji, endodontskoj kirurgiji, postendodont-
skoj opskrbi zuba, netraumatskim restaurativnim postupci-
ma (ART — engl. atraumatic restorative treatment) te u stoma-
toloskoj protetici (3 - 6).
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ies. The degree of fluoride release is furthermore influenced
by the composition and storing methods of the material (8).
For instance, incorporation of Nano-sized particles can fur-
ther enhance the fluoride release (9).

Because of their chemical composition, they connect di-
rectly with the enamel and the dentin by achieving a chemical
bond with hard tooth tissue. There are many different types
of GICs; the basic ones are conventional, light-curing and
hybrid glass ionomer cements. Conventional GICs are divid-
ed into high-viscosity and low-viscosity GICs according to
the proportion of powder and liquid part and the amount of
Ca *and AP ions. Hybrid materials based on GIC technol-
ogy have been modified with glass particles of different siz-
es. This feature significantly affects physical and mechanical
properties of the material (10). Furthermore, it is considered
that by applying a Nano-protective coating (micro-laminated
technique), the properties of the material improve (11). Hy-
brid (EQUIA FORTE Fil*) and high-viscosity (EQUIA Fil°)
materials are clinically applied for permanent restorations by
micro-laminated technique. Ketac ™ Universal Aplicap ™ is
a high-viscosity GIC not combined with coating agent. Me-
chanical properties of GIC materials are usually estimated by
compressive strength and hardness measurements, and are as-
sociated with the microstructure of the material (12). Various
techniques may be used to analyze the material structure. The
scanning electron microscopy (SEM) proved to be the most
acceptable procedure for inspecting the surface of materials,
particle size and porosity (13); these elements give significant
insight into the properties of GICs and are, therefore, suit-
able for this study (14).

The aim of this research was to determine the mechani-
cal properties of two types of materials: hybrid and high-vis-
cosity glass ionomeric cements. The zero hypothesis was that
there would be no differences in compressive strength, hard-
ness and fracture modes between the tested materials

Materials and methods

Examined materials and preparation of specimens

The materials used in this study are listed in Table 1. The
materials belong to the group of encapsulated GIC systems;
hence each capsule was prepared in the mixer 3M ™ ESPE ™
CapMix™ (3M ESPE, Seefeld, Germany) for eight seconds,
according to the manufacturer’s instructions.

EQUIA Fil* and EQUIA FORTE Fil* belong to the
group of micro-laminated GICs, while Ketac ™ Universal
Aplicap ™ is regarded as a conventional high-viscosity ma-
terial. Micro-laminated GICs are materials of newer genera-
tion with improved properties and, according to manufactur-
ers, the first GICs that can be used to create durable fillings in
posterior region (15). No protective coating was used during
sample testing and the specimens were not lit by a polymer-
ization lamp. Sample dimensions and method of preparation
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SIC-ovi su bioaktivni materijali sa svojstvom otpustanja
fluorida (7) zbog cega, kako se smatra, pospjesuju reminerali-
zaciju tvrdih zubnih tkiva i djeluju karijesno protektivno. Sol
fluorida disocira, a zatim se fluor otpusta iz materijala difun-
dirajuéi kroz cement (8). Stupanj oslobadanja fluorida pod
utjecajem je sastava i nacina skladistenja materijala (9). Pri-
mjerice, ugradnjom Cestica nano veli¢ine dodatno se pojaca-
va otpustanje fluora (10). Zbog kemijskog sastava vezuju se
izravno na caklinu i dentin, ostvarujuci kemijsku vezu s tvr-
dim zubnim tkivom. Postoje razli¢ite podjele SIC-ova — naj-
jednostavnija je na konvencionalne, svjetlosno polimerizira-
juce i hibridne staklenoionomerne cemente. Konvencionalni
SIC-ovi razlikuju se prema udjelu praska i tekuceg dijela te
koli¢ini iona Ca*i AI*. Prema tom se kriteriju konvencional-
ni SIC-ovi mogu podijeliti na visokoviskozne i niskovisko-
zne. Hibridni materijali temeljeni na SIC tehnologiji modi-
ficirani su staklenim Cesticama razlicitih veli¢ina. To, prema
podatcima proizvodaca, znatno utjece na fizicko-mehani¢-
ka svojstva materijala (11). Nadalje, smatra se da se uvode-
njem nano zastitnog premaza (mikrolaminirana tehnika) koji
se ugraduje u materijal dodatno pojacavaju njegova svojstva
(12). Staklohibridni (EQUIA FORTE Fil') i visokoviskozni
materijal (EQUIA Fil') klinicki se primjenjuju za trajne resta-
uracije mikrolaminiranom tehnikom. "Ketac Univesal Apli-
cap takoder je visokoviskozni SIC, ali bez premaza.

Usporedba kvalitete pojedinih vrsta SIC-ova temelji se
na razlicitosti njihovih mehanickih svojstava, posebno tla¢-
ne ¢vstoe i tvrdoce. Navedena mehanicka svojstva poveza-
na su s mikrostrukturom materijala (13). Za analizu struk-
ture materijala mogu se primijeniti razne tehnike. Pregledna
elektronska mikroskopija (engl. Scanning electron microscopy
— SEM) pokazala se najprihvatljivijom za ispitivanje svojsta-
va povrsine materijala, veli¢ine ¢estica i poroznosti (14). Na-
vedeni elementi daju vazan uvid u svojstva GIC-a te su zato
prikladni za ovo istrazivanje.

Cilj ovog istrazivanja bio je odrediti mehanicka svojstva
dviju vrsta materijala — hibridnih i visokoviskoznih staklenoi-
onomernih cemenata. Zadane nulte hipoteze glasile su da ne-
¢e biti razlike u tla¢noj ¢vrstodi, tvrdodi te strukeuri ispitiva-
nih materijala.

Materijali i metode

Ispitivani materijali i priprema uzoraka

U ovom istrazivanju upotrijebljena su tri SIC-a navedena
u tablici 1. Pripadaju skupini inkapsuliranih SIC sustava za-
to $to je svaka kapsula pri pripremi stavljena osam sekunda u
mijesalicu 3M™ ESPE™ CapMix™ (3M ESPE, Seefeld, Nje-
macka), prema uputi proizvodaca. Staklenoionomerni ce-
menti EQUIA Fil' i EQUIA FORTE Fil' uvrsteni su u skupi-
nu mikrolaminiranih SIC-ova, a Ketac™ Universal Aplicap™
u konvencionalne visokoviskozne materijale. Mikrolaminira-
ni SIC-ovi novija su generacija materijala s pobolj$anim svoj-
stvima te su, prema podatcima proizvodaca, prvi koji se mo-
gu koristiti za izradu trajnih ispuna u straznjoj regiji (15).
Pri izradi uzoraka za ispitivanje nije koristen zastitni premaz
i uzorci nisu bili tretirani svjetiljkom za polimerizaciju. Di-
menzije uzoraka i nadin pripreme za ispitivanje obaju svoj-
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Table1  The results of compressive strength and hardness of tested materials
Tablica 1. Rezultati tlacne ¢vrstoce i tvrdoce ispitivanih materijala
EQUIA Fil EQUIA FORTE Fil Ketac™ Universal Aplicap™, ANOVA
Average ° Average ° Average °
Prosjek st.d. Prosjek std. Prosjek std. P
Maximum force (N) * 12597 | (635.9) 12773 | (©95.2) 10464 | (519.2) 0.6
Maksimalna sila (N) ’ : : ’ ) ’ :
Compressive strength (N/mm?)
Tlatna évistota (N/mm?) 97.6 (49.1) 99.6 (53.6) 80.0 (38.7) 0.60
Hardness (HV0,2) ¢ Tvrdoéa (HV0,2) 47 39 157

for testing both properties were made according to other rel-
evant studies (16,17). One measurement for each sample was
performed by an independent researcher at the Department
of Materials at the Faculty of Mechanical Engineering and
Naval Architecture of the University of Zagreb.

Compressive strength test specimens were prepared using
a silicone mold with standard dimensions of 6 mm x 4 mm.
The mold was placed on a glass tile and filled with material
immediately after capsule mixing and covered with the ace-
tate foil. Lightweight pressure was applied to the surface of
the foil to prevent bubble formation and to achieve smooth
surface (18). After three minutes, foil, tile and excess mate-
rial were removed, and the specimen was then polished with
standard metallographic grinding paper (P1000, Pace Tech-
nologies, and Tucson, USA) and stored in deionized water for
five days at 37 ° C water temperature.

For the determination of hardness of the materials, spec-
imens were prepared using Teflon molds with a cylindrical
opening in the middle, dimensions 2 mm in height and 5
mm in width. For each material, one sample was made (n =
1). The molds were placed on glass tile covered with acetate
foil and filled with the tested GIC. The mold was then cov-
ered with acetate foil on the other side and put under light
pressure by using a glass tile. After curing for 3 minutes, glass
tiles, acetate foil and excess material were removed and the
specimens were stored in deionized water for 25 days at 37 °
C water temperature.

SEM analysis was used for one specimen of each test ma-
terial (n = 1). The specimens were prepared in Teflon molds
with a cylindrical opening in the middle, dimension 2 mm
in height and 5 mm in width. After curing for three minutes,
the specimens were ground and polished. They were ground
with standard metallographic grinding paper, Pace Technolo-
gies, Tucson, USA, from rough to finer - P320, P500, P1000,
P2400, and P4000 - with water cooling. The speed was 300
revolutions per minute and the pressure force was equal to
the manual force. The specimens were polished with dia-
mond pasta 3 um and 1 um in two steps at a speed of 150
rpm and a force of 30 N pressure. Prior to analysis, all speci-
mens were cooled and lubricated.

Determination of compressive strength, hardness and
SEM analysis

The compressive strength was measured in a VEB device
(WPM Werkstoffpriifsysteme Leipzig GmbH, Markkleeberg,

stava radeni su prema drugim relevantnim ispitivanjima (16,
17). Po jedno mjerenje za svaki uzorak obavio je neovisni is-
pitiva¢ u Zavodu za materijale Fakulteta strojarstva i brodo-
gradnje SveuciliSta u Zagrebu.

Uzorci za ispitivanje tla¢ne ¢vrstoée pripremljeni su s po-
mocu silikonskog kalupa standardnih dimenzija — 6 mm u
visinu i 4 mm u $irinu. Kalupi su bili postavljeni na staklenu
plocicu te se u njih, neposredno nakon mijesanja, aplicirao
sadrzaj kapsule u suvisku i prekrio acetatnom folijom, ¢ijom
se primjenom postize najmanja hrapavost povrsine SIC-a
(18). Na povrsinu folije primijenjen je lagani pritisak kako
bi se sprijecilo stvaranje mjehuri¢a te postigla ravna i glatka
povisina. Nakon tri minute uklonjeni su folija, plocica i vi-
$ak materijala, a uzorak je ispoliran brusnim papirom (Stan-
dard metallographic grinding paper, P1000, Pace Technolo-
gies, Tucson, SAD) i pohranjen pet dana u deioniziranu vodu
temperature 37 °C.

Za odredivanje tvrdo¢e materijala koristili su se uzorci
pripremljeni s pomocu namjenski izradenih teflonskih kalu-
pas cilindri¢nim otvorom u sredini, dimenzija 2 mm u visinu
i 5 mm u Sirinu. Za svaki je materijal izraden po jedan uzo-
rak (n = 1). Kalupi su postavljeni na staklene plocice na ko-
je je prije toga polozena acetatna folija i u njih je apliciran is-
pitivani SIC. Nakon toga kalup je i s druge strane prekriven
acetatnom folijom na koju je zatim primijenjen lagani priti-
sak staklenom plo¢icom. Nakon trominutnog stvrdnjavanja
uklonjene su staklene plocice, acetatne folije i visak materija-
la, a uzorak je pohranjen na 25 dana u deioniziranu vodu na
temperaturi od 37 °C.

Za SEM analizu upotrijebljen je po jedan uzorak od sva-
kog ispitivanog materijala (n =1).

Uzorci su pripremani u teflonskim kalupima s cilindric-
nim otvorom u sredini dimenzija 2 mm u visinu i 5 mm u $iri-
nu. Nakon trominutnog stvrdnjavanja uzorci su bruseni i po-
lirani. Brusilo se brusnim papirom (Standard metallographic
grinding paper, Pace Technologies, Tucson, SAD) od grublje-
ga prema finijem — P320, P500, P1000, P2400, P4000 — uz
vodeno hladenje. Brzina okretaja iznosila je 300 okretaja u
minuti, a sila pritiska bila je jednaka ru¢noj sili. Uzorci su po-
lirani dijamantnim pastama 3um i lum u dva koraka, pri br-
zini od 150 okretaja u minuti i sili pritiska od 30 N. Nepo-
sredno prije analize svi su uzorci ohladeni i podmazani.

Odredivanje tla¢ne ¢vrstoce, tvrdoce te SEM analiza

Tla¢na ¢vistoca mierila se u uredaju VEB (WPM Wer-
kstoffpriifsysteme Leipzig GmbH, Markkleeberg, Njemacka;
EU 40 mod; ser.br. /83/35) na temperaturi od 24,5 °C i brzi-
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Germany; EU 40 mod., Serial number 83/35) at a temper-
ature of 24.5 ° C with a load speed of 20 N / sec. 10 speci-
mens of each material were prepared (n = 10). The average
dimensions of the specimens used to determine the compres-
sive strength are approximately 6 mm in height and 4 mm in
width (ISO Standard ISO9917-1). Prior to placing the speci-
mens in the testing machine, their dimensions were measured
by a micrometer with a precision of 0.01 mm. The compressive
strength (RH) was calculated according to the formula

FH 2
RH-— g %7

So, 4,
where FH is the maximum force due to the sample fracture,
S0 the cross-sectional area of the sample, and d the width of
the sample.

Hardness was measured using PMT-3 device (OKB Spec-
tr, Sankt-Peterburg, Russia). A Vickers method with a load
of 0.2 x 9.81 N was used, which corresponds to the HV0,2
method.

The Vega electron microscope (Tescan, Brno, Czech Re-
public) was used to determine the microstructure of each
tested specimen.

Statistical Analysis

ANOVA test, usually used to analyze the differences
among group means in a sample, was used to compare the
value of the different types of filling, while the Tukey’s test
was used for multiple comparisons. The analysis was made
using the SAS statistical package, a software application for
statistical analysis, on the Windows platform. All the tests
were performed with level of significance o = 0.05.

Results

The results of the compressive strength and hardness
measurements are shown in Table 1. Maximum Force (FH)
was used to calculate the compressive strength. The difference
in compressive strength between the tested materials was not
statistically significant. On the other hand, Ketac™ Univer-
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ni porasta optere¢enja od 20 N/s. Od svakog materijala izra-
deno je 10 uzoraka (n = 10). Prosje¢ne dimenzije uzoraka ko-
ristenih za odredivanje tla¢ne ¢vrstoce priblizno su iznosile 6
mm u visinu i 4 mm u Sirinu (standard ISO 9917-1). Nepo-
sredno prije postavljanja uzoraka u kidalicu, njihove su di-
menzije izmjerene mikrometrom s precizno¢u od 0,01 mm.
Tla¢na ¢vrsto¢a (RH ) izraCunata je prema formuli

FH 2
RH=-— g %™

So, 4
u kojoj je FH maksimalna sila zbog koje se dogodilo lomlje-
nje uzorka, S, povrsina poprecnog presjeka uzorka, a d iri-
na uzorka.

Tvrdoda je mjerena uredajem PMT-3 (OKB Spectr, San-
ke-Peterburg, Rusija). Koristena je Vickersova metoda s opte-
reenjem od 0,2 x 9,81 N, $to odgovara metodi HVO0,2.

Preglednim  elektronskim mikroskopom Vega (Tescan,
Brno, Ceska) utvrdila se mikrostruktura svakog ispitivanog
uzorka.

Statisti¢ka obrada podataka

Za usporedbu vrijednosti obiljezja izmedu razlicitih vr-
sta ispuna koristena je ANOVA, najées¢a parametrijska stati-
sticka metoda za testiranje hipoteza, a za visestruku uspored-
bu Tukeyev test. Analiza je obavljena u softveru za statisticku
analizu SAS na Windowsovoj platformi. Svi su testovi radeni
uz razinu znacajnosti o = 0,05.

Rezultati

Rezultati ispitivanja tla¢ne ¢vrstode i tvrdode ispitiva-
nih materijala prikazani su u tablici 1. Maksimalna sila (en-
gl. high force — FH) rabila se za izracunavanje tla¢ne ¢vrstoce.
Rezultati upuéuju na to da nema znacajnije razlike u tla¢noj
¢vrsto¢i izmedu ispitivanih materijala. S druge strane, dobi-
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Figure 1a SEM image of Ketac ™ Universal Aplicap ™ GIC sample surface (200x)
Slika 1.a SEM prikaz povrsine uzorka Ketac ™ Universal Aplicap ™ SIC-a (200 x)

Figure 1b SEM image of Equia FORTE Fil® GIC sample surface (200x)
Slika 1. b SEM prikaz povrsine uzorka Equia FORTE Fil® SIC-a (200 x)
Figure 1c SEM image of Equia Fil®¢'® sample surface (200x)

Slika 1. ¢ SEM prikaz povrsine uzorka Equia Fil®SIC-a (200 x)
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sal Aplicap ™ hardness values were significantly higher than
the ones measured for EQUIA Fil ® and EQUIA FORTE Fil
*GIC.

The SEM analysis of the structure showed similar cohe-
sive cracks in all tested specimens. (Figures 1a, 1b and Ic),
showing the need for further material improvements.

Discussion

It is believed that the information about compressive
strength and hardness of the material can give insight in-
to their mechanical integrity. Moreover, the compressive
strength results are often used to estimate the durability of
the material when exposed to masticatory forces (19). Al-
though it might be very interesting from clinical perspective
to compare the values exhibited by the materials in our re-
search with other restorative materials, it is very hard to do so
because of different experimental settings. The obtained re-
sults showed that there was no statistically significant differ-
ence in the compressive strength of the tested materials, thus
the first null hypothesis was confirmed.

Specimens of standard dimensions of 6 mm x 4 mm ac-
cording to ISO 9917-1 were used in this study. There are
other standardized systems such as ANSI / ADA Specifi-
cation No. 66, which prepare specimens of larger dimen-
sions. Mallman et al. (16) have demonstrated that specimens
with larger dimensions exhibit better mechanical properties.
However, larger size specimens have the potential for creat-
ing irregular structures (16). For this reason, in this study,
smaller specimens were used to ensure a good material struc-
ture. The mixing behavior affects the structure of the mate-
rial. The examined materials come into the market in capsu-
lated form. Such packaging, apart from facilitating clinical
use, reduces the possibility of mistakes when mixing the ma-
terial. In this study the compressive strength of capsulated
GIC was tested, which according to the manufacturer can be
used for definite restorations. The storage time of the spec-
imens was five days, due to the fact that immediately af-
ter mixing GICs have weak mechanical properties until they
mature (20). In this study, lower compressive strength val-
ues were obtained compared to the manufacturer’s claims
(21,22). A possible explanation for the obtained values was
that the specimens were stored in deionized water and that
ions were released into the fluid possibly leading to lower
values for all the tested materials (23). The influence of ear-
ly water uptake on GIC materials tends to be reduced by ap-
plying protective coatings. Despite the manufacturer’s rec-
ommendation for Equia Fill* and Equia FORTE Fil°, the
materials were tested without application of protective coat-
ing, which could have also lead to the results which are in-
ferior to those obtained by the manufacturer (24). The re-
sults of this study have shown that Ketac ™ Universal Aplicap
™ has higher hardness values compared to EQUIA Fil* and
EQUIA Forte Fil°, therefore the second null hypothesis that
there is no difference in hardness between hybrid and high-
viscosity GICs has been rejected.

Brinell, Rockwell, Shore, Vickers and Knoop test meth-
ods (25) can be used to measure the hardness of dental mate-

Staklenoionomerni cementi

vene vrijednosti tvrdo¢e za materijal Ketac™ Universal Apli-
cap™ znatno su veée od izmjerenih za materijale EQUIA Fil®
i EQUIA FORTE Fil*. SEM analiza strukture pokazala je ko-
hezivne pukotine u svim ispitivanim uzorcima (slike 1. a, 1.
bi 1. ¢), $to pokazuje potrebu za daljnjim poboljsanjem ma-
terijala.

Rasprava

Smatra se da podatci o tlatnoj ¢vrstodi i tvrdodi materija-
la daju informacije o njihovu mehani¢kom integritetu. Stovi-
Se, vrijednosti tla¢ne ¢vrstoce Cesto se koriste za procjenu iz-
drzljivosti materijala pri izlozenosti zvacnim silama (19). Iako
bi iz klinicke perspektive bilo zanimljivo usporediti rezulta-
te ovoga rada s onima za druge restaurativne materijale, to je
tesko uciniti zbog razlic¢itih uvjeta u pojedinim istrazivanji-
ma. Dobiveni rezultati pokazali su da nema statisticki znacaj-
ne razlike u tla¢noj ¢vrstodi ispitivanih materijala, ¢ime je po-
tvrdena prva nulta hipoteza o nepostojanju razlike u tla¢noj
¢vrstodi izmedu hibridnih i visokoviskoznih SIC-ova.

U ovom ispitivanju koristeni su uzorci standardnih di-
menzija 6 mm x 4 mm prema standardu ISO 9917-1. Postoje
i drugi standardizirani sustavi kao $to je ANSI/ADA specifi-
kacija broj 66, prema kojoj se pripremaju uzorci ve¢ih dimen-
zija. Mallman i suradnici (16) dokazali su da uzorci vecih di-
menzija pokazuju bolja mehanicka svojstva. No u uzorcima
ve¢ih dimenzija postoji veéa moguénost za stvaranje nepra-
vilne strukture (16). Upravo su se zato u ovom istrazivanju
upotrijebili manji uzorci kako bi se osigurala dobra struktura
materijala. Na strukturu materijala utjece i nacin mijesanja.
Ispitivani materijali dolaze na trziSte u kapsuliranom obliku.
Takav nacin pakiranja, uz to $to olaksava klini¢ku primjenu,
smanjuje moguénost pogreske pri mijesanju materijala te se
u ovom radu ispitivala tla¢na ¢vrstoéa kapsuliranih SIC-ova
koji se, prema proizvodacu, primjenjuju za konacne ispune.
Vrijeme pohrane uzoraka u ovom je istrazivanju bilo pet dana
jer SIC-ovi neposredno nakon mijesanja imaju slabija meha-
nicka svojstva sve dok ne maturiraju (20). U ovom radu do-
bivene su manje vrijednosti ¢vrstoce u usporedbi s tvrdnja-
ma proizvodaca (21, 22). Moguce objasnjenje za to jest da
su uzorci bili pohranjeni u deioniziranoj vodi i da su se u te-
ku¢inu oslobodili ioni, pa su tako dobivene neizravno manje
vrijednosti za sve ispitivane materijale (23). Utjecaj vode na
SIC-ove nastoji se smanjiti primjenom zastitnih premaza koji
bitno utje¢u na tvrdo¢u materijala, drugo ispitivano svojstvo
u ovom radu. Unato¢ preporuci 16 proizvodaca za materija-
le Equia Fill” i Equia FORTE Fil®, svojstva su ispitivana bez
primjene zastitnog premaza, $to je takoder utjecalo na slabije
rezultate u usporedbi s podatcima proizvodaca (24). Rezulta-
ti ovog istrazivanja pokazali su da Ketac™ Universal Aplicap™
ima vecu vrijednost tvrdo¢e u odnosu prema EQUIA Filu® i
EQUIA Forte Filu®, a takvim je rezultatom odbacena druga
nulta hipoteza o nepostojanju razlike u tvrdodi izmedu hi-
bridnih i visokoviskoznih SIC-ova.

Za mijerenje tvrdo¢e dentalnih materijala mogu se kori-
stiti metode prema Brinellu, Rockwellu, Shoreu, Vickersu i
Knoopu (25). Iako je u ve¢ini drugih radova koristena meto-
da prema Knoppu, zbog dostupnosti opreme u ovom je ra-
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rials. Although the Knoop’s method is most commonly used
method, due to availability of equipment, the Vickers test
method was used in this study, which was also used in oth-
er relevant studies (26,27). It is interesting that both bulk fill
systems, EQUIA Fil® and EQUIA FORTE Fil®, had lower
hardness values. Therefore, it can be concluded that the ap-
plication of protective coating on these materials is manda-
tory in order to achieve the hardness comparable to other
GIC materials (28). The manufacturer recommends a Nano
punctured light-curing resin-based coating. It is stated that
the coating, due to its low viscosity, fills the micro-gaps in
the GICs structure. In this way, the improved surface bet-
ter tolerates the impact of the masticatory forces and protects
against erosion (29). Furthermore, the manufacturer claims
that this protective coating reduces the wear of GIC when
used in restorations in posterior region (29).

The influence of all the forces acting on the specimens re-
flects on their microstructure and fracture modes. SEM anal-
ysis showed cohesive cracks in all examined specimens which
is in accordance with data from the literature (30). This may
be due to the dehydration of the specimens which is neces-
sary in preparations for SEM analysis (9). Thus, the third
null hypothesis that there was no difference in the fracture
modes of hybrid and high-viscosity materials was accepted.
Despite the continuous development of the materials and the
improvement of their properties, imperfections such as cohe-
sive fractures are yet to be eliminated. This fact is confirmed
by this research, using the newest materials on the market.
That is a clinically important feature because it shows that the
material and tooth bond is stable, and in a minimally inva-
sive concept of restoration it is more important that, if a frac-
ture occurs, the restorative material is affected, not the tooth.

As this is an in vitro study, the oral conditions could not
be completely simulated. However, all the samples were ex-
posed to the same experimental conditions. Within the limi-
tations of this study, a good insight into material endurance
was given, but the absolute values of the mechanical proper-
ties recorded must be interpreted with respect to the experi-
mental conditions.

Conclusion

There was no significant difference in compressive
strength between the tested materials. The hardness values
were significantly higher for Ketac™ Universal Aplicap ™
compared with EQUIA Fil' and EQUIA FORTE Fil' ma-
terials, which probably came as a result of not using the rec-
ommended protective coating when preparing the EQUIA
Fil' and EQUIA FORTE Fil' samples. SEM analysis showed
similar microstructure and fracture modes of the three tested
materials, justifying their use in in a minimally invasive con-
cept of restoration.
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du odabrana Vickersova metoda kojom su se, kako se istice
u literaturi, postigli relevantni rezultati (26, 27). Zanimlji-
vo je da su rezultati pokazali da oba materijala bulk fill su-
stava — EQUIA Fil* i EQUIA FORTE Fil* — imaju slabiju
tvrdo¢u. Iz toga se moze zakljuciti da je pri primjeni nave-
denih materijala obvezatan zastitni premaz, kako bi se posti-
gla tvrdoca usporediva s ostalima (28). Proizvoda¢ preporu-
¢uje nanopunjeni svjetlosno polimerizirajuéi zastitni premaz
na temelju smole. Navodi se da premaz zbog niske viskozno-
sti popunjava mikropukotine u strukturi SIC-ova, a tako po-
boljsana povrsina bolje podnosi utjecaj zvacnih sila i zatice-
na je od erozija (29). Nadalje, proizvoda¢ tvrdi da taj zatitni
premaz smanjuje tro$enje SIC-iva kada se koriste za restaura-
cije na straznjim zubima (29).

Utjecaj svih sila kojima se djeluje na uzorke pri odrediva-
nju njihovih svojstava izvrsno se prikazuje u¢inkom na mi-
krostrukturu te vrstom pukotina. SEM analiza strukture po-
kazala je kohezivne pukotine u svim ispitivanim uzorcima, u
skladu s podatcima iz literature (30) u kojima se tvrdi da SIC-
ovi uvijek pucaju kohezivno, a ne adhezivno. Time je potvr-
dena tre¢a nulta hipoteza da nema razlike u strukeuri mate-
rijala izmedu hibridnih i visokoviskoznih materijala. Mozda
se zbog toga i dogada dehidracija uzoraka koja je prijeko po-
trebna u pripremi za SEM analizu (9). Unato¢ neprekidnom
razvoju materijala i pobolj$anju njihovih svojstava, nedostat-
ci poput (17) kohezivnog pucanja jos nisu otklonjeni. To po-
kazuju i rezultati SEM analize u ovom radu u kojemu su ko-
rifteni najnoviji materijali na trziStu. Klinicki je to svojstvo
vazno jer je spoj materijala i zuba stabilan, a u minimalno in-
vazivnom konceptu restauracije vaznije je da, ako se dogodi
lom, pukne materijal, a ne zub.

Bududi da je ovo istrazivanje in vitro, uvjete usne Supljine
nije bilo moguée potpuno reproducirati. No, svi su uzorci bili
izlozeni jednakim utjecajima. Prema uvjetima u ovom istrazi-
vanja dobio se dobar uvid u izdrzljivost materijala, ali sve za-
biljezene vrijednosti mehanickih svojstava moraju se proma-
trati unutar cksperimentalnih uvjeta.

Zakljuc¢ak

U opisanim uvjetima ovoga rada nisu pronadene znacaj-
nije razlike u tla¢noj ¢vrstodi ispitivanih materijala. Vrijed-
nosti tvrdoce bile su znatno vise za Ketac™ Universal Aplicap
"™ u usporedbi s materijalima EQUIA Fil' i EQUIA FOR-
TE Fil, $to je vjerojatno rezultat nekoristenja preporucenog
zatitnog premaza tijekom pripreme EQUIA Fila' i EQUIA
FORTE Fila'. SEM analiza pokazala je sli¢nu mikrostrukeu-
ru i vrste pukotina u trima ispitivanim materijalima, oprav-
davaju¢i njihovu uporabu u konceptu minimalno invazivne
restauracije.
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nih cemenata. Mjerila se tlacna ¢vrstoca i tvrdoca triju staklenoionomernoh cemenata (SIC-ova) —

Ketac™ Universal Aplicap™, EQUIA Fil® i EQUIA FORTE Fil®te je obavljena SEM analiza uzoraka.
Materijali i metode: Uzorci za mjerenje tlacne ¢vrstoce pripremljeni su s pomocu silikonskih kalu-
pa dimenzija 6 mm u visinu i 4 mm u Sirinu te su pet dana bili pohranjeni u deioniziranoj vodi, a uzor-
ci za mjerenje tvrdoce pripremljeni su s pomocu teflonskih kalupa dimenzija 2 mm u visinu i 5 mm u
Sirinu i zatim pohranjeni 25 dana u vodi na temperaturi od 37 stupnjeva. Reprezentativni uzorak sva-
kog materijala podvrgnut je SEM mikroskopiji. Za usporedbu dobivenih vrijednosti koristen je ANO-
VA-test, a za visestruku usporedbu Tukeyev test. Rezultati: Nema znacajnije razlike izmedu tla¢ne
¢vrstoce triju ispitivanih materijala (p < 0,05), a dobivene vrijednosti tvrdoce iznosile su: Ketac™ Uni-
versal Aplicap™ — 157 HV0,2, EQUIA Fil® — 47 HV0,2 i EQUIA FORTE Fil® — 39 HVO0,2. Zakljucak: Pro-
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matrajuci dobivene rezultate tvrdoce uocavaju se znacajno vece vrijednosti za materijal Ketac™ Uni-

versal Aplicap™. SEM analiza uzoraka nije otkrila znacajnije razlike u strukturi ispitivanih materijala

EQUIA FORTE Fil®, EQUIA Fil® i Ketac™ Univesal Aplicap™.
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