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Sazetak

Svrha: Ovim istrazivanjem in vitro zeljelo se utvrditi i usporediti razinu i dinamiku otpustanja flu-
orida u trima najnovijim materijalima za ispune. Materijali i postupci: Otpustanje fluorida mjeri-
lo se u kompozitu GC Kalore, staklenom ionomernom cementu GC Equia i giomeru Shofu Beauti-
fil Il. Od svakog materijala pripremljeno je 20 diskova (promjera 8 mm, debljine 2 mm). Mjerenje
se obavljalo 10 tjedana ion-selektivnom elektrodom (ORION EA 940). Za statisticku obradu do-
bivenih rezultata odabrana je metoda linerane regresije. Rezultati: Kompozit GC Kalore otpustio
je 1,29 ppm F tijekom 10 tjedana ispitivanja. Otpustanje fluorida smanijilo se i nakon cetiri tjedna
viSe se nije moglo izmjeriti ion-selektivnom elektrodom. Stakleni ionomerni cement GC Equia ot-
pustio je najvise fluoridnih iona (24,512 ppm F) i to u prva 24 sata (6,851 mgF /L). Giomer Shofu
Beautifil Il otpustio je 4,685 ppm F. Zaklju¢ak: Ispitivani giomer otpustio je vise fluorida od kom-
pozitnog materijala i zato se moze preporuciti kao materijal izbora za estetske ispune kod kojih je
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vazan i preventivni u¢inak na karijes.
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Uvod

Fluoridima se ve¢ desetlje¢ima prevenira karijes zahvalju-
judi sustavnoj, endogenoj fluoridaciji (fluoridacija pitke vo-
de, kuhinjske soli, mlijeka i primjena tableta s fluorom) i to-
pikalnoj, lokalnoj fluoridaciji u obliku otopina, zelea, lakova
i pjene (1,2). Tako fluoridi u zubnim pastama omogucuju
svakodnevnu izlozenost malim koncentracijama fluorida, $to
se smatra vaznim ¢imbenikom u smanjenju prevalencije ka-
rijesa u razvijenim zemljama (3).

Posljednjih desetlje¢a njihovo dodavanje u restaurativne
materijale privuklo je pozornost klinicara i istrazivaca jer je
uoceno da ti materijali dulje mogu otpustati male koli¢ine
fluorida. Primijeéeno je da tzv. pametni dentalni materija-
li smanjuju karijes i neutraliziraju snizavanje pH vrijedno-
sti, posebice ako je osoba izvrgnuta velikom riziku od karije-
sa (4). Njihova mehanicka i estetska svojstva poboljsana su,
te se danas se mogu rabiti za ispune straznjih zuba, a neki i za
ispune prednjih (4).

Fluoridi koji se oslobadaju iz restaurativnih materijala dje-
luju na karijesnu leziju tako da smanjuju i sprjecavaju demi-
neralizaciju i poti¢u remineralizaciju tvrdih zubnih tkiva (5).

Introduction

For decades, fluorides have been used in caries preven-
tion through systemic, endogenous fluoridation (potable wa-
ter uoridation, kitchen salt as well as milk fluoridation and
the use of fluoride containing pills) as well as through topi-
cal, local fluoridation, that is, by solutions, gels, tooth polish-
es and foams (1, 2). The presence of fluoride in tooth pastes
enabling the everyday exposure to small concentrations of
fluoride is considered an important factor in reducing the
caries prevalence which has been noted in developed coun-
tries (3).

In the last decades, adding fluorides to restorative materi-
als drew attention from clinicians and researchers since there
is a possibility that these materials release small quantities of
fluorides during longer time periods. It has been observed
that the so-called smart dental materials reduce the incidence
of dental caries and neutralize the reduction of pH value,
particularly in high caries risk individuals (4). Their mechan-
ical and esthetic properties have been enhanced and today
they are used for fillings of the posterior teeth and some of
them for fillings of anterior teeth (4).
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Danas je na trzistu nekoliko vrsta materijala koji otpusta-
ju fluoride, a primjenjuju se u restaurativnoj stomatologiji za
trajne ispune. To su stakleni ionomerni cementi, kompome-
ri, kompozitni materijali i amalgami. Toj skupini odnedavno
su se prikljucili giomeri — hibridi staklenih ionomera. Zbog
razli¢itog sastava i nacina stvrdnjavanja ti se materijali razli-
kuju prema svojstvu otpustanja fluorida. Pretpostavlja se da
su antibakterijske i kariostatske moguénosti ispuna izravno
povezane s koli¢cinom otpustenih fluorida (5).

Svrha ovog istrazivanja bila je odrediti i usporediti otpu-
stanje fluorida iz staklenog ionomernog cementa i kompo-
zitnog materijala novije generacije te giomera. Takoder se Ze-
ljela prouciti dinamika otpustanja navedenih iona i utvrditi
postojanje tzv. burst ili intenzivnog udinka.

Materijali i postupci

U istraZivanju je testirano otpustanje fluoridnih iona iz
kompozitnog materijala, staklenog ionomernog cementa i
giomera prikazano u tablici 1. Od svakog od njih izradeni su
diskovi (20 komada za svaki materijal). Svi su priblizno iste
veli¢ine koja debljinom i veli¢inom odgovara prosje¢noj ve-
li¢ini trajnog ispuna. Za izradu smo se koristili standardizi-
ranim metalnim obru¢ima promjera osam milimetara i de-
bljine dva milimetra u koji su se stavljali navedeni materijali.
Kompozitni materijal i giomer na staklenoj su se plocici pla-
sti¢nim instrumentom stavljali u metalne prstene te polime-
rizirali 20 sekundi polimerizacijskim svjetlom Woodpecker
LED.B 5W (Guangxi, Kina). Kapsulirani ispitivani stakle-
ni ionomerni cement je zatim unesen u metalni prsten pi-
stoljem koji se rabi za njegovo nanoenje, a prije toga je ak-
tiviran i pomije$an u amalgamatoru. Kako bi uzorci tijekom
ispitivanja bili slobodni na svim povr$inama s kojih se mogu
oslobadati fluoridi, prije polimerizacije materijala u sredinu
uzorka utisnuta je nit zubnog konca bez fluorida, a nakon to-
ga je polimeriziran.

Uzorci su nakon toga izvagani, a zatim pohranjeni u pla-
stine bocice i uronjeni u pet mililitara deionizirane vode.
Tako pripremljeni ¢uvali su se u termostatu na temperatu-
ri od 37°C. Koli¢ine otpustenih fluorida izmjerene su na-
kon 6 sati, 24 sata i 48 sati, te nakon jednog, dva, cetiri, se-
dam i deset tjedana. Ova vremenska razdoblja odabrana su
zato da bi se rezultati lakse usporedili s podacima drugih au-
tora. Kvantitativno otpustanje fluorida ispitivalo se standar-

Tablica 1. Materijali koristeni u ovom ispitivanju

Otpustanje fluorida iz materijala za trajne ispune

Fluorides which are released from restorative materials af-
fect the carious lesion by reducing or preventing demineral-
ization of hard dental tissues or by stimulating their remin-
eralization (5).

Currently, several kinds of materials which release fluo-
rides are available on the market and used in restorative den-
tistry for permanent fillings which release fluorides. These
are glass ionomer cements, compomers, composite materials
and amalgams. Recently, giomers — hybrids of glass ionomers
— were added to that group of materials. Due to their differ-
ent compositions and modes of hardening, these materials
vary in their ability to release fluorides. It is assumed that an-
tibacterial and cariostatic properties of the fillings are directly
correlated with the amount of released fluorides (5).

The aim of this study was to determine and compare the
release of fluorides from glass ionomer cements and com-
posite materials of new generation as well as giomers. Also,
this study aimed at studying the dynamics of the above men-
tioned ion release, that is, determining the existence of the
so-called "burst” effect.

Materials and methods

The study investigated the release of fluoride ions in com-
posite material, glass ionomer cement and giomer shown in
Table 1. Discs were fabricated from each material (20 pieces
for each material).

All the discs were made in such a way to be of approxi-
mately equal size, the thickness and size of which matched
an average size of a permanent filling. In order to fabricate
the discs, standardized metal rings 8 mm in diameter and 2
mm thick were used and the above mentioned materials were
placed in them. The composite material and the giomer were
placed into the metal rings on a glass plate by a plastic instru-
ment and were light-cured for 20 seconds using Woodpeck-
er LED.B 5W light (Guangxi, China). The tested capsulated
glass ionomer cement was placed into the metal ring by an
applicator gun after it had been activated and mixed in the
amalgamator. In order to make the samples free on all sur-
faces from which fluorides could be released during testing,
prior to light-curing of the material, a thread of dental floss
without fluorides was pressed into the middle of the sample.

The samples were then weighed. After that, they were im-
mersed and stored in plastic bottles with 5 ml of deionized
water. Samples prepared in this way were stored in a thermo-
stat at 37°C. The quantities of released fluorides were mea-
sured in the following time periods: after 6 hours, 24 hours,
48 hours and after 1, 2, 4, 7 and 10 weeks. Those time peri-
ods were chosen for easier comparison of results with similar
data investigation of other authors. The quantitative fluoride

Table 1  Materials used in this investigation

Skupina A * Sample A Skupina B ¢ Sample B Skupina C ¢ Sample C
Kompozitni materijal ® composite material Stakleni ionomerni cement ® glass ionomer cement | Giomer ® giomer
GC Kalore GC Equia Shofu Beautifil II

GC Europe NV, Leuven
tuba, boja A2 ¢ tube, shade A2

GC Europe NV, Leuven
kapsula, boja A2  capsule, shade A2

SHOFU, San Marcos, USA
tuba, boja A2 © tube, shade A2
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dnom metodom — ion-selektivnom elektrodom za mjerenje
koncentracije fluorida (luoridna ion-selektivna elektroda -
pa 96-09, Boston, Mass, SAD) i mikroprocesorskim analiza-
torom ORION EA 940 (Orion Res Inc, SAD). To je metoda
kojom se elektrokemijski (potenciometrijski) odreduje koli-
¢ina fluorida i danas se smatra najprihvatljivijom za odredi-
vanje otpustanja fluorida u neki medij (6). Tijekom mjerenja
svaki je uzorak izvaden iz deionizirane vode, ispran deioni-
ziranom vodom, osusen na papirnatom ubrusu te stavljen u
novu, svjeze pripremljenu deioniziranu vodu.

Pri mjerenju uredaj je ponovno kalibriran za svaku sku-
pinu materijala. Svaki je uzorak mjeren tri puta. Prije mjere-
nja koli¢ine fluorida provjerena je ispravnost mjernog instru-
menta i nagib elektrode prema uputi proizvodaca. Kolic¢ina
otpustenih fluorida mjerila se izravno, u triplikatu za svaki
uzorak. Svi su uzorci mijesani jednakom brzinom magnet-
skim mjeSa¢em i magnetskim Stapi¢em. Izmedu mijesalice i
posude stavljen je komadi¢ stiropora (debljine 5 mm) kako se
tijekom mjerenja ne bi promijenila temperatura otopine, $to
bi moglo utjecati na rezultate. Samo mjerenje sastojalo se od
standardnog bazdarenja. Fluoridni standardi priredeni su se-
rijskim razrjedenjem komercijalnog standarda (0,1 mol oto-
pina natrijeva fluorida Orion 940906). Svaki uzorak i stan-
dard pomijesan je u koli¢ini od 4, 5 mL s 0,5 mL pufera
(TISAB III ( Merck KGaA, Darmstadt, Njemacka). Rezulta-
ti su izrazeni u mg/L (ppm).

Dobiveni podaci obradeni su metodom linearne regresi-
je koju su Can Karabulut i njegovi suradnici preporucili kao
najbolju za ispitivanje materijala koji otpustaju fluoride (7).
U analizi podataka koriSten je statisticki program The Sta-
tistical Package for Social Science 10.1.4 (SPSS Inc. Chica-
go, I1I., SAD). Za testiranje matematickih izra¢una koristena
je mrezna stranica: www.wolframalpha.com (8). Izra¢una-
ti su srednja vrijednost, standardna devijacija i kumulativ-
no otpustanje fluorida tijekom vremena izrazenog u satima

(p=0,05).

Rezultati

Logaritamske vrijednosti otpustenih fluoridnih iona iz-
mjerenih u ispitivanom vremenu u uzorcima A, B i C na-
laze se na slici 1. Uzorci A, B i C otpustali su fluoridne io-
ne u logaritamskoj ovisnosti s vremenom. (Uzorak A:
y=0,2556Ln(x)-0,5713; uzorak B: y=4,0737Ln(x)-5,0637;
uzorak C: y=0,9183Ln(x)-1,9826)

Srednja vrijednost i standardna devijacija uzoraka nala-
ze se u tablici 2.

Uzorak A je u ukupno 10 tjedana ispitivanja otpustio
1,294 mgF/L. Najvise fluoridnih iona otpustilo se u prvih
200 sati. Dinamika otpustanja u uzorku A prikazana je na sli-
ci 2. Na pocetku ispitivanja dinamika otpustanja fluoridnih
iona bila je mnogo veca nego poslije. U prvih Sest sati bilo je
najvise otpustenih fluoridnih iona po satu — ¢ak 0,009 mgF
/L. Nakon prvog tjedna dinamika se jako smanjivala, a na-
kon Cetiri tjedna otpustanje iona bilo je gotovo zanemarivo.

Fluoride release from materials for permanent fillings

release was tested by a standard method using ion-selective
electrode for measuring the concentration of fluorides: fluo-
ride ion-selective electrode type 96-09 (Boston, Mass, SAD)
and microprocessor analyzer ORION EA 940 (Orion Res
Inc, USA). This is the method of electrochemical (poten-
tiometric) determination of fluoride releasing ions which is
nowadays considered to be the most acceptable method for
measuring of fluoride ions release in certain media (6). Dur-
ing the measuring, each sample was taken from the deionized
water, rinsed with deionized water, dried on the paper tissue
and placed into new, fresh deionized water.

On measuring, the device was recalibrated for each group
of materials. Three measurements were performed for each
sample. Prior to measurements of the fluoride quantities, the
accuracy of the measuring instrument was checked as well as
the electrode inclination according to the manufacturer’s in-
structions. The quantity of released fluorides was measured di-
rectly, in triplicate for each sample. During the measuring, all
samples were stirred at equal speed by means of magnetic stir-
rer and magnetic stir bar. A piece of Styrofoam (5 mm thick)
was placed between the stirrer and the vessel in order to main-
tain the temperature during the measuring period which could
affect the results of measuring. The actual measuring consist-
ed of standard method of calibration. Fluoride standards were
prepared by serial diluting of commercial standard (0.1 mol
sodium fluoride solution, Orion 940906). Each sample and
standard was mixed in the quantity of 4.5 mL with 0.5 mL of
buffer TISAB III (Merck KGaA, Darmstadt, Germany). The
results of measurements were expressed in mg/L (ppm).

The obtained data were processed by the method of linear
regression analysis, which was recommended by Can Karab-
ulut et al. as the best method for investigation of fluoride re-
leasing materials (7). Statistics were made using the statisti-
cal software Statistical Package for Social Sciences (SPSS) for
Windows ver. 10.1.4 (SPSS Inc. Chicago, III., USA). The
www.wolframalpha.com website was used for testing of re-
sults of mathematical calculations (8). Mean, standard devia-
tion and cumulative fluoride release over time were calculat-

ed and showed per hour (p=0.05).

Results

Logarithmic values of released fluoride ions measured in
determined time periods in samples A, B and C are shown
in Figure 1.

Samples A, B and C released the fluoride ions in logarith-
mic dependence on time.

(Sample A:  y=0.2556Ln(x)-0.5713; sample B:
y=4.0737Ln(x)-5.0637; sample C: y=0.9183Ln(x)-1.98206)

Mean, standard deviation and cumulative fluoride releas-
ing over time were calculated and shown in Table 2.

In 10 weeks of testing, sample A released 1.294 mgF/L
in total. The greatest number of fluoride ions was released
during the first 200 hours. The dynamic of fluoride ions re-
lease from sample A is shown in Figure 2. At the beginning
of the testing, the dynamic of fluoride ions release was sig-
nificantly greater than in later time periods. During the first
6 hours of testing, the greatest number of released fluoride

113
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Tablica 2. Srednja vrijednost i standardna devijacija uzoraka
Table2  Mean values and standard deviations of samples

6 sati * hours 0.059 0.018 4.313 1.237 0.199 0.050
24 sati * hours 0.177 0.094 2.538 0.385 0.574 0.323
48 sati * hours 0.073 0.045 2.221 0.387 0.558 0.161
1 tjedan ® week 0.542 0.412 4.677 0.467 1.183 0.332
2 tjedna ¢ weeks 0.289 0.220 3.710 0.378 0.987 0.291
4 tjedna ® weeks 0.189 0.186 2.903 0.313 0.654 0.275
7 tjedana ¢ weeks 0.216 0.322 2.548 0.294 0.499 0.182
10 gedana ® weeks 0.176 0.164 1.601 0.259 0.429 0.132

Otpustanje fluorida tijekom vremena ® Fluoride release over time

¢ Materijal A e Material A
— Log. (Materijal B » Material B)

= Materijal B » Material B
Log. (Materijal C ® Material C)

Materijal C ® Material C
— Log. (Materijal A ® Material A)

= ﬁ B B 8

-

Slika 1. Otpustanije fluoridnih iona (mg/L) tijekom
vremena — usporedba uzoraka A, B i C

Figure 1 Release of fluoride ions (mg/L) over time
— comparison of samples A, B and C

=

Koncentracija fluorida  Fluoride concentration

o

Sati ® Hours

Uzorak A e Sample A

0.00800 +—
0.00500

-
5
°
=
~
@
w
©
2
]
m|
5 -
=
=
©
w
°
a
=,
=
=
]
3
a
S
o

Pifii

s a0

Sati ® Hours

Slika 2. Dinamika otpustanja fluoridnih iona (mg/L) u uzorku A — po satima
Figure 2 Dynamics of fluoride ions (mg/L) in sample A - according to hours

www.ascro.hr



Vréek et al.

U uzorku B bilo je tijekom 10 tjedana izlu¢eno ukupno
24,512 mgF/L. Na pocetku je otpustanje fluoridnih iona
bilo znacajno i u ispitivanom vremenu postignute su viso-
ke vrijednosti otpustenih fluoridnih iona (6,851 mgF /L), a
nakon 24 sata dinamika otpustanja pocela se smanjivati. To
pokazuje znatno izrazen tzv. burst-ucinak ovog materijala. U
prvih Sest sati zabiljeZena je visoka dinamika otpustanja fluo-
rida od ¢ak 0,718 mgF/L/sat, a nakon desetog tjedna brzina
otpustanja iznosila je samo 0,003 mgF/L/sat (slika 3.).

Uzorak C je ukupno u 10 tjedana otpustio 4,685 mgF-
/L. Najveca kolicina fluoridnih iona otpustena je u prvih 48
sati i s viemenom se znatno smanjila, $to upucuje na to da
postoji tzv. burst-ucinak. Dinamika otpustanja fluoridnih io-
na iz uzorka C nalazi se na slici 4.

Prosje¢ne vrijednosti i standardne devijacije za sve testi-
rane materijale u ispitivanim intervalima prikazane su u ta-

blici 2.

Uzorak B ® Sample B

Otpustanije po satu ® Release / hour

Sati ® Hours

Uzorak C ® Sample C

1

001000

Otpustanje po satu ® Release / hour

000500

Sati ® Hours

Fluoride release from materials for permanent fillings

ions per hour occurred, as much as 0.009 mgF /L. After the
first week, the dynamic of fluoride ions release significantly
decreased and after 4 weeks the ion release was almost neg-
ligible.

From sample B, 24.512 mgF/L was released in total
during 10 weeks. In the beginning, the release of fluoride
ions was significant and high values of released fluoride ions
(6.851 mgF /L) were obtained during the measuring where-
as, after 24 hours, the dynamics of fluoride ions release in
sample B decreased. This fact points to a highly pronounced
burst effect of this material. In the first 6 hours, high dynam-
ics of fluoride release was recorded, as high as 0.718 mgF-
/L/hour, whereas after the 10" week, the speed of release
amounted to only 0.00318 mgF/L/hour (Figure 3).

Sample C released 4.685 mgF/L in total in 10 weeks.
The greatest quantity of fluoride ions in sample C was re-
leased during the first 48 hours and it significantly decreased
with time, which points to the existence of the burst ef-
fect. The dynamics of fluoride ions release from sample C is
shown in Figure 4.

Mean values and standard deviations of fluoride release
for investigated time intervals for all tested materials are
shown in Table 2.

Slika 3. Dinamika otpustanja
fluorida (mg/L) u uzorku B
— po satima

Figure 3 Dynamics of fluoride
release (mg/L) in sample B
—according to hours

Slika 4. Dinamika otpustanja
fluoridnih iona (mg/L) u
uzorku C — po satima

Figure 4 Dynamics of fluoride ions
release (mg/L) in sample C
—according to hours
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Rasprava

IstraZivanje i razvijanje materijala u restaurativnoj dental-
noj medicini koji se primjenjuju u terapijske svrhe, a djeluju
i preventivno, jako je vazno jer objedinjuju cilj i zadatke stru-
ke, a to je poboljsati zdravstveno stanje usne Supljine.

Noviji epidemioloski podaci pokazuju da je karijes jo$
uvijek javnozdravstveni problem u mnogim zemljama u ra-
zvoju u kojima je zabiljezen porast incidencije i kod $kol-
ske djece i kod odraslih (6). Medu ¢imbenicima koji prido-
nose porastu karijesa jest i nedostatna izlozenost fluoridima
(6,7). Koristenje materijala koji otpustaju fluoride pri izradi
trajnih restauracija omoguéilo bi potrebnu izlozenost fluori-
dima. Njihova povisena koncentracija postize se ne samo u
podrudju neposrednog kontakta s materijalom za ispun, ne-
go i uslini (5).

Vecina autora navodi rezultate otpustanja fluorida iz den-
talnih materijala mjerenih u deioniziranoj vodi i umjetnoj
slini (4). Zbog moguénosti usporedbe rezultata u ovom se
istrazivanju otpustanje fluorida iz ispitivanih materijala mje-
rilo upravo u deioniziranoj vodi. Sadrzaj fluorida u restau-
rativnim materijalima trebao bi biti $to je moguce visi, a da
pritom nema negativnog ucinka na fizikalna ili mehanicka
svojstva materijala i/ili degradacije ispuna (9). Pocetno veli-
ko otpustanje fluorida tzv. burst ili intenzivni ucinak pozeljan
je jer ¢e smanjiti djelovanje bakterija koje su mozda ostale u
unutra$njosti demineraliziranog dentina te potaknuti cakli-
nu/dentin na remineralizaciju (9). Znatno snizenje otpuste-
nih fluoridnih iona tijekom sljedeéih dana vjerojatno se do-
gada zato $to su se pri pocetnom naglom otpustanju iona
oslobodile velike koli¢ine fluoridnih iona pri otapanju cestica
stakla u poliakrilnoj kiselini i stvrdnjavanja materijala. Viso-
ke koncentracije fluoridnih iona oslobodene prvog dana mo-
gu uzrokovati i pocetni ucinak povrsinskog ispiranja. Stalno
otpustanje fluoridnih iona sljede¢ih se dana pojavljuje zbog
moguc¢nosti fluoridnih iona da difundiraju kroz pore cemen-
ta i napukline (10).

Can Karabulut i suradnici proucavali su metode ispiti-
vanja materijala koji otpustaju fluoride te zaklju¢ili da je bas
metoda modeliranja linearne regresije, kojom smo se kori-
stili i u ovom istrazivanju, najbolja za prikazivanje podata-
ka otpustanja fluoridnih iona iz dentalnih materijala (7). Iz
rezultata dobivenih u ovom istrazivanju moze se uociti da
uzorci ispitivanih materijala otpustaju fluoride u logaritam-
skoj zavisnosti s viemenom. Sli¢ne rezultate dobio je i Can
Karabulut sa suradnicima u svojem ispitivanju. Oni su se ta-
koder koristili uzorcima promjera osam milimetara i deblji-
ne dva milimetra, ali tijekom Sest tjedana (7). Tako prove-
denim ispitivanjem mozemo predvidjeti daljnje ponasanje
materijala. lako, matematicki govore¢i, materijal nikada ne-
¢e prestati otpustati fluoride, ovom se metodom moze pred-
vidjeti da ¢e kompozitni materijal GC Kalore, prestati ot-
pustati mjerljive koli¢ine fluoridnih iona izmedu cetvrtog i
sedmog tjedna.

Mousavinasab i Meyers u svojoj su studiji takoder poka-
zali da sve vrste staklenih ionomera koje su ispitivali otpusta-
ju vece koli¢ine fluorida u usporedbi s giomerom (Beautifil,
Shofu) te da kod giomera nema izrazenog pocetnog intenziv-
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Discussion

Research and development of materials in restorative
dental medicine, which are used for treatment purposes and
also have a preventive role, are of great importance because
they embrace the goals and aims of the profession in order to
improve the condition of the oral cavity.

Recent epidemiological data reveal that caries is still a
public health problem in many developing countries in
which the increase of caries incidence is recorded in school-
children and adults (6). Insufficient exposure to fluorides is
among the factors contributing to the increase of caries prev-
alence (6, 7). The use of materials releasing fluorides dur-
ing the fabrication of permanent restorations would enable
the necessary exposure to fluorides. Not only is the increased
concentration of fluorides achieved in the region of indirect
contact with filling material, but also in saliva (5).

Most of current authors state the results of fluorides re-
lease from dental materials measured in deionized water and
artificial saliva (4). For comparison of the results of fluorides
release from the tested materials in this study, deionized wa-
ter was used in particular. Fluoride content in restorative ma-
terials should be as high as possible without having adverse
effects on either physical or mechanical properties of the ma-
terial and/or degradation of fillings (9). The initial great re-
lease of fluorides, the so-called burst effect, is desirable be-
cause it can reduce the possibility of bacterial effects which
could have remained within the demineralized dentin and
also, it can stimulate the remineralization of enamel/dentin
(9). A significant reduction of released fluoride ions is proba-
bly caused by the fact that at initial sudden ion burst, a great
quantity of fluoride ions was released during the dissolving of
glass particles in polyacid and setting of material. Also, high
concentrations of fluoride ions released during the first day
can be caused by the initial effect of surface moisture con-
tamination. Continuous release of fluoride ions during the
next few days occurs due to the ability of fluoride ions to leak
into the pores and cracks of the cement (10).

Can-Karabulut et al. studied the methods of testing ma-
terials which release fluorides reaching the conclusion that
the method of linear regression modeling, which has been
used in this study, was the best to present data about the pro-
cess of fluoride ions release from dental materials (7). From
the obtained results in this study, it can be concluded that
samples of the tested materials release fluorides in a logarith-
mic time dependence. Similar results were obtained by Can-
Karabulut et al. who in their study also used samples of 8
mm in diameter and 2 mm in thickness but during 6 weeks
(7). By testing in this way, further predictions can be made
about the behavior of materials. Although, mathematically
speaking, materials will never cease to release fluorides; this
method can predict that Kalore GC composite material ceas-
es to release measurable quantities of fluoride ions in the pe-
riod between the 4 and the 7% week.

In their study, Mousavinasab and Meyers also showed
that all kinds of the tested glass ionomers released greater
quantities of fluorides compared with giomer (Beautifil, Sho-
fu) and that there is no initial pronounced burst effect in the
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nog (burst) u¢inka koji je kod staklenih ionomernih cemena-
ta vrlo izrazen (10).

U ovom se ispitivanju pokazalo da se giomer Shofu Bea-
utifil I, prema svojstvima otpustanja fluorida, ponasa izme-
du kompozitnog materijala i staklenog ionomernog cemen-
ta. GC Kalore nema veliko pocetno otpustanje fluoridnih
iona jer je stvrdnjavanje materijala odmah zavrsilo svjetlo-
snom polimerizacijom, ved pri izradi preparata za ispitivanje.
GC Equia, kao stakleni ionomerni cement, stvrdnjava se ke-
mijski. Znadi da taj proces neko vrijeme traje. To je razlog za
nastanak tzv. burst ili intenzivnog ucinka kod staklenih iono-
mernih cemenata.

Karantakis i suradnici u svojem su istrazivanju izmjerili
najvise otpustene vrijednosti iona F-u prva Cetiri sata nakon
mijesanja materijala, a postizu vrijednosti od 1,6 do 1,8 pg/
mm?, §to je potvrdeno i u ovom istrazivanju (11). U prvih 48
sati pracenja GC Equia otpustio je 9,072 mgF /L, od ukupno
24,512 mg F /L u deset tjedana ispitivanja. Ta vrlo visoka di-
namika otpustanja fluorida od 0,718 mgF+/L/sat u prvih 6
sati, ve¢ nakon 48 sati pada na 0,093 mgF- /L/satu.

Sli¢ne rezultate dobili su Basso i njegovi kolege kada su
proucavali otpustanje fluorida u restorativnim staklenim io-
nomernim cementima, te su ustanovili visoke vrijednosti
tijekom prvog dana, ali koje naglo padaju drugog i treceg
dana ispitivanja (12). Bell i suradnici takoder su izmjerili
koncentraciju od 1 ppm otpustenih fluorida iz staklenih io-
nomernih uzoraka debljine 1,5 milimetara i promjera Sest
milimetara u umjetnoj slini tijekom deset minuta, a kumu-
lativne vrijednosti ukupno otpustenih fluorida u 24 sata
iznosile su otprilike 15 ppm (13). I vitro je cesto potvrde-
no da su najvise vrijednosti otpustenih fluorida u prvih 24
do 48 sati od 5 do 155 ppm za razli¢ite vrste staklenih io-
nomernih cementa (14 — 18). Ispitivanja su pokazala da je
kumulativno otpustanje iona fluora iz staklenih ionomernih
cementa kontrolirano difuzijom i slijedi silazni gradijent ko-
ji je linearno ovisan o korijenu vremena (19 — 21). Zato se
visoke pocetne vrijednosti fluorida naglo smanjuju nakon
24 do72 sata (12,22,23) i podizu se do priblizno konstantne
vrijednosti izmedu 10 i 20 dana (15,23), $to se primjecuje
i u GC Equiae, staklenom ionomernom materijalu testira-
nom u ovom istrazivanju.

U mnogobrojnim istrazivanjima koja su se bavila otpu-
stanjem fluorida iz kompozitnih materijala zaklju¢eno je da
su vrijednosti otpustenih fluorida mnogo nize od vrijedno-
sti drugih materijala koji otpustaju fluoride, a rabe se kao re-
staurativni materijali (12,19,24). To je potvrdeno i u ovom
istrazivanju koje je pokazalo da, bez obzira na tvrdnju da no-
viji kompozitni materijali otpustaju vece koli¢ine fluorida,
jo$ uvijek nisu bolji od staklenog ionomernog cementa ispi-
tivanog u ovom istrazivanju. Od ispitivanih materijala GC
Kalore otpustio je najmanje fluoridnih iona.

Nekoliko ispitivanja razlicith kompozitnih materijala
pokazalo je visok raspon pocetnog otpustanja fluorida u dei-
oniziranu vodu tijekom 24 sata — od 0,04 do 2,7 ppm koje
se snizava do 0,02 do 2 ppm za 30 do 60 dana (16,17). Re-
zultati ovog ispitivanja pokazuju da GC Kalore otpusta naj-
viSe fluorida u prvih 200 sati, a ve¢ nakon ¢etiri tjedna otpu-
$tanje je zanemarivo.

Fluoride release from materials for permanent fillings

tested giomer unlike the glass ionomer cements wherein this
effect is very pronounced (10).

This study showed that giomer, Shofu Beautifil II, accord-
ing to fluoride release properties, showed both the properties
of composite material and glass ionomer cement. GC Kalore
does not initially release large quantities of fluoride ions since
the setting of material immediately ended by light curing as
soon as the testing mixture was prepared. GC Equia, as glass
ionomer cement, sets chemically, which means that the set-
ting lasts for a certain time. This is the reason for the burst
effect in glass ionomer cements.

In their study, Karantakis et al. measured the highest re-
leased values of F-ions in the first 4 hours after mixing of
material, obtaining values up to 1.6-1.8 pg/mm?, which was
confirmed by this study (11). In the first 48 hours of mea-
suring, GC Equia released 9.072 mgF/L out of the total of
24.512mg F /L in 10 weeks of testing. This high dynamics
of fluoride release amounting to 0.718 mgF7/L /hour in the
first 6 hours, drops to 0.093 mgF- /L/hour after the first 48
hours.

Similar results were obtained by Basso et al. who stud-
ied the fluoride release in restorative glass ionomer cements
wherein they found high values in the first day of testing
which significantly dropped in the second and third day of
testing (12). Also, Bell et al. determined a concentration
of fluorides amounting to 1 ppm released from glass iono-
mer samples of 1.5 mm in thickness and 6 mm in diameter
in artificial saliva in the course of 10 minutes, whereas the
cumulative values of all released fluorides during 24 hours
amounted to approximately 15 ppm (13). Several in vitro
studies confirmed that the highest values of released fluo-
rides in the first 24 - 48 hours ranged from 5 to 155 ppm for
various kinds of glass ionomer cements (15-18). Testing re-
vealed that cumulative release of fluorine ions from glass ion-
omer cements was controlled by diffusion and followed the
dropping gradient which is linearly dependent on the square-
root-of-time (19-21). Therefore, the initial high values of flu-
orides suddenly decrease after 24 -72 hours (12, 22, 23) and
rise to an approximately constant value between 10-20 days
(15, 23), which was also observed in GC Equiae, the glass
ionomer material tested in this research.

Numerous studies dealing with fluoride release from
composite materials reached the conclusion that the values
of released fluorides were significantly lower than the values
of other materials which also release fluorides and are used as
restorative materials (12, 19, 24). This was also confirmed by
our study which showed that, regardless of the fact that more
recent composite materials release greater quantities of fluo-
rides, they still do not match the glass ionomer cement test-
ed in this research. Out of the tested materials, GC Kalore
released the smallest amount of fluoride ions.

Several testings of various composite materials revealed
a great range of the initial fluoride release into the deion-
ized water over 24 hours amounting to 0.04- 2.7 ppm which
drops to 0.02 - 2 ppm over 30-60 days (16,17). The results of
this research point out that GC Kalore releases most fluorides
in the first 200 hours, and that after 4 weeks, the fluoride
release is negligible. Experiments confirmed that compos-
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Eksperimentalno se dokazalo da kompozitni materija-
li s ve¢im koli¢inama fluorida i ion- otpustaju¢i kompozit
(Ariston) otpustaju vise fluorida od uobicajenih fluoridira-
nih kompozita (15,25,26). Uobicajeni kompozitni materija-
li otpustaju fluoride u koncentraciji priblizno proporcional-
noj logaritmu vremena ili £, (26,27,28), a eksperimentalni
kompozitni materijali s velikim udjelom fluorida pokazuju
linearno otpustanje proporcionalno vremenu (25,26). Pret-
postavlja se da su kod ovih posljednjih visoke vrijednosti ot-
pustenih fluorida rezultat njihove velike koncentracije u obli-
ku F-Al-silikata i YbF, u kombinaciji s visokom topljivoscu
punila u vodi, velikim prihvacanjem vode i vrlo difuznom
polimernom matricom (16,19,25).

Itota i suradnici istaknuli su da je koli¢ina ukupnog i slo-
bodnog fluorida otpustenog iz giomera ve¢a nego kod kom-
pozita i kompomera, te su zakljucili da je staklena ionomerna
matrica vrlo vazna za otpustanje fluorida i moguénost po-
novnog punjenja materijala (29). Takoder su zakljudili da gi-
omeri i kompomeri na pocetku ne otpustaju intenzivno flu-
oride (tzv. burst-udinak), $to je inace svojstveno staklenim
ionomernim cementima. U ovom ispitivanju pronadeno je
i da giomeri nemaju tako jako izraZeno pocetno otpustanje
fluorida poput staklenog ionomera, no Shofu Beautifil otpu-
$ta ih znatno vise od GC Kalore. Najveca koli¢ina fluorida
ipak je otpustena u otopinu u prvih 48 sati, a poslije znatno
manje. Tako se moze zaklju¢iti da odredeni, manje istaknuti
burst-uc¢inak ipak postoji.

No obzirom na to da se u literaturi mogu naéi razlici-
ti nacini ispitivanja otpustanja fluoridnih iona iz dentalnih
materijala — $to je razlog velike rasprsenosti u prikazivanju i
obradivanju rezultata — teZi se boljoj standardizaciji uzorko-
vanja dentalnih materijala. Koristenje standardnih otopina i
odgovarajucih statistickih metoda za obradivanje podataka
sigurno bi pomoglo da se mogu bolje usporedivati i tumaci-
ti rezultati dobiveni u istrazivanjima iz vitro, $to bi olaksalo
odabir materijala za izradu ispuna.

Zakljuc¢ak

Na temelju rezultata ovog istrazivanja moze se zakljuditi
da — ako je pri estetski zahtjevnom restaurativnom postupku
vazno preventivno djelovanje u obliku otpustanja fluorida —
tada giomeri mogu biti materijal izbora.

Sukob interesa

Autori isti¢u da nisu bili ni u kakvom sukobu interesa.
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ite materials with greater quantities of fluorides and ion-re-
leasing composite (Ariston) release more fluorides than the
commonly fluoridated composites (15, 25, 26). The com-
mon composite materials release fluorides with a concentra-
tion which is approximately proportionate to the time loga-
rithm or t,, (26, 27, 28), whereas experimental composites
with a greater share of fluorides reveal a linear fluoride release
which is proportionate with time (25, 26). It is assumed that
the measured high values of released fluorides in the latter
composites are the result of high concentrations of fluorides
in the F-Al-silicate and YbF, forms in combination with high
solubility of sealers in water, great acceptance of water and
very diffuse polymer matrix (16, 19, 25).

Itota et al. showed that the quantity of the total and free
fluoride released from giomer is greater than in composites
and compomers and concluded that the present glass iono-
mer matrix plays an important role in release of fluorides and
also in the possibility of material refilling (29). Also, they
concluded that giomers and compomers do not have a great
initial release of fluorides in form of burst effect, which is
typical of glass ionomer cements. In this study, it was also
found that giomers do not have such a pronounced initial
release of fluorides such as glass ionomers; however, Shofu
Beautifil releases significantly more fluorides than GC Ka-
lore. Yet, the greatest quantity of fluorides was released in the
first 48 hours whereas later there were a significantly smaller
number of fluorides in the solution. Therefore, it can be con-
cluded that a certain, less obvious burst effect is present.

However, since in literature there are various methods
described by which the authors carried out their testing of
fluoride ions from dental materials, which is why the results
are processed and presented in a scattered way in literature,
there is a desire for a better standardization of dental mate-
rial sampling. The use of standardized solutions and appro-
priate statistical methods for data processing would certain-
ly result in better comparability and understanding of results
obtained by in vitro studies which would eventually aid in se-
lecting the right filling material.

Conclusion

Based on the results of this study, it can be concluded
that in case of an esthetically demanding restorative proce-
dure, preventive measures in the form of fluoride release are
important, and giomers can then be materials of choice.
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Fluoride release from materials for permanent fillings

Abstract

Aim: The aim of this in vitro study was to determine and to compare the level and dynamics of flu-
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oride release in three types of current filling materials. Materials and methods: luoride release

was measured in GC Kalore composite, glass ionomer GC Equia cement and Shofu Beautiful Il
giomer. 20 discs were made from each material (8 mm diameter, 2 mm thickness). Measurements
were made during 10 weeks by an ion-selective electrode (ORION EA 940). The linear regression
method was used in statistical data processing. Results: The GC Kalore composite released 1.29
ppm F in 10 weeks of testing. Fluoride release decreased and after 4 weeks of testing, it became
impossible to measure by ion-selective electrode. Glass ionomer cement, GC Equia released the
greatest number of fluoride ions (24.512 ppm F) and the greatest number of fluorides was re-
leased during the first 24 hours (6.8507 mgF /L). Giomer Shofu Beautiful Il released 4.685 ppm F-.
Conclusion: The examined giomer released more fluorides than the composite material and there-
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fore, it can be recommended as a material of choice for esthetic fillings in which the caries preven-
tive effect is also important.
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