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Sazetak

Staklenoionomerni cementi (SIC) primjenjuju se zbog mnogih svojstava poput izlucivanja fluora, ke-
mijske adhezije na zubna tkiva, neznatne kontrakcije pri stvrdnjavanju, koeficijenta termalne ekspan-
zije vrlo sli¢nog zubu, niskog puzanja materijala i dobre stabilnosti boje. No zbog sporog stvrdnjava-
nja osjetljivi su na rani kontakt s vlagom. Primjena eksterne energije, poput ultrazvuka i zagrijavanja
(thermo-curing), opisana je kao postupak za ubrzavanje kemijske reakcije stvrdnjavanja i poboljsa-
nja fizikalnih svojstava materijala. Svrha: Zeljelo se analizirati temperaturne promjene u pulpnoj ko-
mori nakon primjene zagrijavanja za ubrzavanje stvrdnjavanja staklenoionomernog cementa. Ma-
terijal i metode: U istrazivanju je koristen kapsulirani staklenoionomerni cement Equia Forte (GC).
Temperaturne promjene u pulpnoj komori mjerene su termoelektri¢nim osjetnikom u kavitetima du-
bokima 2,6 i 4,7 mm s ispunima i bez ispuna. Rezultati: Uocen je porast temperature (AT) u pulpnoj
komori od 3,7 °C. Promjena temperature (AT) u kavitetima dubine 2,6 i 4,7 mm bez ispuna iznosila je
4,2 °Ci 2,6 °C. Nakon postavljanja ispuna porast temperature u pulpnoj komori bio je nizi—od 1,9 °C
do 2,4 °C. Zaklju¢ak: Moze se zakljuciti da je primjena postupka thermo-cure tijekom stvrdnjavanja
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Kljuéne rijeci

SIC-a sigurna za pulpu i moze se preporuciti u klinickoj praksi.

Uvod

Staklenoionomerni cementi (SIC) ve¢ se neko vrijeme
mogu nabaviti na trziStu. Njihova klinicka primjena u den-
talnoj medicini preporucuje se zbog mnogih svojstava, poput
izlu¢ivanja fluora, kemijske adhezije na zubna tkiva, neznatne
kontrakcije pri stvrdnjavanju, koeficijenta termalne ekspanzi-
je vtlo sli¢nog zubu, niskog puzanja materijala i dobre stabil-
nosti boje. No zbog sporog stvrdnjavanja osjetljivi su na rani
kontakt s vlagom (1, 2). U vezi s tim, smolasti materijali bili
su bolji i koristenje eksterne radijacije (UV ili vidljivo svjetlo)
za pokretanje njihove polimerizacije omogucavalo je klinica-
ru bolju kontrolu nad procesom stvrdnjavanja (command set).
No dodatak smole stetno je djelovao na otpornost na abrazi-
ju, dimenzijsku stabilnost, stabilnost boje i, naravno, na bio-
kompatibilnost. Istrazivanja su pokazala da koristenje ekster-
ne energije, poput ultrazvuka i radijacije, toplinom ubrzava
kemijske reakcije stvrdnjavanja staklenoionomernih cemena-
ta (3, 4). Takoder je dokazano da oboje poboljsava fizikalna
svojstva (5, 0).

priprema korijenskog kanala;
korijenski kanal; stakleno-ionomerni
cementi; temperatura

Introduction

Glass ionomer cements (GIC) have been used for several
years. Their application in clinical dentistry has been driven by
several properties such as fluoride release, chemical adhesion to
tooth, negligible setting shrinkage, and coefficient of thermal
expansion close to tooth, low creep, and good colour stability.
However, the cement is vulnerable to early exposure to moisture
due to slow setting characteristics (1,2). Resin-based materials
were better in this respect and the use of external radiation (ultra
violet or visible light) to initiate their polymerization improved
this and gave the clinician greater control over the setting pro-
cess (“command set”). However, the addition of resins produced
adverse effects on abrasion resistance, dimensional stability, co-
lour stability and certainly biocompatibility. The uses of external
energy such as ultrasound and radiant heat have been reported
to provide acceleration of the setting chemistry of GICs. (3,4).
Both are reported to enhance physical properties (5, 6).

Commercial GICs have recently become available which
advocate the use of “thermo setting” via the use of radiant
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Komercijalni staklenoionomerni cementi s uputama pro-
izvodaca za primjenu tehnike termickog stvrdnjavanja (ther-
mo-curing) koristenjem radijacijske topline iz prenosive LED
lampe, postali su dostupni na trziStu. No postoji zabrinutost
da takva izlozenost toplini moze potaknuti patoloske promje-
ne u pulpi zuba. Zato je svrha ovoga in-vitro istrazivanja bi-
la analizirati promjene temperature unutar pulpne komore
zuba tijekom zagrijavanja kako bi se ubrzalo stvrdnjavanje

SIC-a.

Materijal i postupci

U istrazivanju je koriSten kapsulirani komercijalni stakle-
noionomerni cement Equia Forte (GC Corporation, Japan).
Za thermo-curing koristeno je LED svjetlo koje preporucuje
proizvoda¢ (D-Light Duo, GC Corporation, Japan), a ispo-
rucuje se zajedno s materijalom. Izlazna toplina lampe izmje-
rena je dodirom njezina vrha s termoelektriénim osjetnikom i
registracijom maksimalne topline nakon 90 sekunda.

Nakon toga ucinjen je na vestibularnoj povrsini nekari-
oznog zuba mali ulaz za termoelektri¢ni osjetnik (svi zubi za
istrazivanje nabavljeni su iz banke tkiva Queen Mary Univer-
sity London- QMUL).

Zub je postavljen iznad vodene kupke u plasti¢ni pokrov
(bez uranjanja) kako bi se osigurao vlazan okoli$ na tempe-
raturi od 37 °C (slike 1. i 2.). Radijacijska toplina dobive-
na uporabom LED lampe primijenjena je tijekom 90 sekun-
da na okluzalnu plohu zuba te su promjene temperature u
pulpnoj komori zuba registrirane termoelektri¢nim osjetni-
kom. Nakon toga je kavitet dubok 2,6 mm (mjereno od vrha
kvrzice) prepariran stomatoloskom turbinom i dijamantnim
brusilom. Zub je vra¢en u plasti¢ni pokrov te su registrirane
promjene temperature tijekom aplikacije radijacijske topline
90 sekunda.

Za mjerenje promjena temperature tijekom termickog
stvrdnjavanja (thermo-curing) staklenoionomernog ispuna u
zub je, u skladu s uputama proizvodaca, postavljen ispun od
materijala Equia Forte boje A3. Staklenoionomerni materijal
potisnut je u kavitet tehnikom pritiska prstom (finger press).
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heat from a portable LED lamp. However, there have been
concerns that exposure to heat from these sources could lead
to damage to tooth pulp. Therefore, the aim of this in vi-
tro study was to analyze temperature changes in the pulp-
al chamber when using radiant heat to accelerate the set of

GICs

Materials and Methods

Encapsulated commercial GIC Equia Forte (GC Corpo-
ration, Japan) was used in this study. Thermo-curing was per-
formed using the LED light (D-Light Duo, GC Corpora-
tion, Japan) recommended by the manufacturer.

The heat output of the lamp was measured by touching
the tip of the lamp with the thermocouple and recording the
maximum heat after 90 seconds. Thereafter, a small entrance
was made in the facial surface of non-carious molars procured
from Queen Mary University London (QMUL) tissue bank.

The tooth was placed above a water bath (without im-
mersing it into water) in a plastic tent to ensure humid envi-
ronment at 37°C (Figures 1,2). Radiant heat was applied for
90 seconds to the occlusal surface using the LED lamp and
temperature changes in the pulp chamber were recorded us-
ing the thermocouple. Following this, a 2.6 mm deep cavity
(measured from the cusp tips) was cut into the same molar
using a high speed handpiece and a diamond bur. The tooth
was placed back in the plastic tent and temperature changes
in the pulp chamber were recorded while using radiant heat
for 90 seconds.

To measure the temperature changes while thermo-cur-
ing a GIC restoration, the tooth was then restored with Equia
Forte A3 shade following the manufacturer’s instructions.
The GIC was packed into the cavity using the “finger press”
technique. The GIC was thermo-cured for 90 seconds and
the temperature changes in the pulp chamber were recorded.
First, the temperature changes in the pulp chamber were re-

Slika 1i 2. Postavljanje eksperimenta
Figures 1 and 2 Experiment set- up
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Stakleni ionomer grijan je (thermo-cure) 90 sekunda i pritom
su zabiljezene promjene temperature u pulpnoj komori. Naj-
prije su mjerene promjene temperature na razini od 2,6 mm,
a nakon toga kavitet je produbljen do 4,7 mm (mjereno od
vrha kvrzice). Temperaturne promjene u pulpnoj komori s is-
punom i bez ispuna izmjerene su kako je opisano (slike 1. i
2.). Postupak je ponovljen tri puta da bi se osigurali reprodu-
cibilni rezultati.

Rezultati

Dobiveni rezultati pokazuju da je maksimalna tempera-
tura, emitirana iz LED lampe koriStene u istrazivanju, iznosi-
la 60 °C, a postignuta je za 60 sekunda. Nakon toga nije bi-
lo daljnjeg rasta. Primjenom svjetla na koronarnu povrsinu
zuba bez prepariranog kaviteta, povecanje temperature (AT)
u pulpnoj komori iznosilo je 3,7 °C. Promjena temperature
(AT) u kavitetima dubine 2,6 mm i 4,7 mm bez ispuna, bi-
laje 4,2°C12,6 °C. Ipak, nakon postavljanja ispuna promje-
na temperature (AT) bila je manja—od 1,9 °C do 2,4 °C (sli-
ke 3.-5.).

Rasprava

Acido-bazna reakcija neutralizacije staklenoionomernih
cemenata moze se ubrzati koritenjem eksterne energije, kao
$to su ultrazvuk (2, 3, 4) i toplina (5, 6, 7). To je posebno ko-

risno za prevladavanje osjetljivosti na vlagu koja $tetno utje-

Srednja promjena (AT °C) nakon 90 sekunda s ispunom i bez ispuna ®
Mean AT (°C) at the end of 90s with and without filling

5.00

Bez ispuna « Without filling S ispunom « With filling

AT/s za 4,7mm kavitete bez ispuna ®
AT/s for 4.7mm Cavity without filling

45 68
Vrijeme (s) ® Time (s)

90 113

Series1 Series2 Series3 Series4

Slika 4. Promjena temperature u kavitetima bez ispuna dubine 4,7
mm

Figure 4 Temperature changes in the 4.7mm deep cavity without
filling
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corded at the level of 2,6 mm. Subsequently, the cavity in the
tooth was extended to 4.7 mm (measured from the cusp tip).
Temperature changes in the pulp chamber with and with-
out GIC filling were measured as described above (Figures
1 and 2).

This process was performed 3 times to ensure the reliabil-
ity and reproducibility of research.

Results

The results showed that the maximum temperature from
the LED thermocuring light used in this study was 60°C. The
light reached its maximum temperature after 60 seconds. Af-
ter that, there was no further rise in temperature.

On applying the light to the tooth from the coronal sur-
face without any cavity preparation, the temperature rise
(AT) in the pulp chamber was 3,7°C. AT for the 2.6mm
and 4.7mm deep cavity without placing any restoration was
4,2°C and 2,6°C respectively. However, after the restoration
has been placed, the AT range in pulp chamber was lower
ranging from 1.9°C to 2.4°C (Figures 3-5).

Discussion

The acid base neutralization reaction of Glass Ionomer
Cements can be accelerated through the use of external en-
ergy such as ultrasound (2,3,4) and heat (5,6,7). This is par-

ticularly useful in overcoming the moisture sensitivity which

Slika 3. Promjena temperature u kavitetima s ispunom i bez ispuna
nakon 90 sekunda na dubini od 4,7 mm

Figure 3 Temperature changes in the cavities with and without
filling after 90s on the depth of 4.7mm

AT/s za 4,7 mm kavitete s ispunom (Equia Forte) ®
AT/s for 4.7 mm cavity with filling (Equia Forte)

6
4.2
O 24
s, . .
g 06 .
1.2 ’
0
0 23 45 68 90 113
Vrijeme (s) ® Time (s)
Series1 Series2 Series3 Series4

Slika 5. Promjena temperature u kavitetima s ispunom dubine 4,7
mm
Figure 5 Temperature changes in the 4.7mm deep cavity with filling
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¢e na svojstva SIC-a (8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20). lako ultrazvuk ubrzava stvrdnjavanje, njegova je kli-
nicka primjena komplicirana zbog ¢ega je za tu tehniku ma-
nji komercijalni interes. S druge strane, toplina se moze po-
sti¢i LED lampom, kao $to to preporucuje GC Corp. za svoj
sustav Equia Forte.

Kao $to je to i kod svjetlosno aktiviranih sustava za izbje-
ljivanje (21), toplinsko stvrdnjavanje staklenoionomernih ce-
menata moze rezultirati intrapulpnim poveéanjem tempe-
rature. No ovo istrazivanje pokazuje da zagrijavanje do 90
sekunda uredajem GC D-light Duo povecava temperaturu
u pulpnoj komori od 2 do 3 °C, iako temperatura na po-
vr$ini moze biti i 50,2 °C. To se dogada zato $to su stakle-
noionomerni cementi toplinski izolatori, kako su istaknu-
li Gavic i suradnici, pa je i niska toplinska provodljivost u
staklenoionomernim ispunima debljine 4 mm i 2 mm (22).
No njihovo istrazivanje nije bilo obavljeno na zubu. Rezulta-
ti su takoder pokazali manji porast temperature u ispunima
sa SIC-om postavljenima u kavitet u usporedbi s kavitetima
bez ispuna. Tijekom reakcije stvara se voda, $to moze hladiti
zub. Pad temperature takoder moze biti obja$njen nizom po-
¢etnom temperaturom materijala za ispun — nakon $to je po-
stavljen iznosila je 23 °C.

Razli¢ita su misljenja o tome koliki porast temperature
steti pulpi. Zach i Cohen (23) istrazivali su utjecaj povise-
nja temperature na pulpu rezus majmuna. Njihovo istrazi-
vanje pokazalo je da povecanje temperature od 5,6 °C (iznad
tielesne temperature, tj. 42,6 °C) nepovratno ostecuje pul-
pu 15 posto tih primata, a porast od 16,6 °C oste¢uje pul-
pu njih 100 posto. Suprotno ovomu, u nekim istrazivanjima
(24, 25, 26) istaknuto je da, kad je rije¢ o ljudima, poveca-
nje intrapulpne temperature od 8,9 °C do 14,7 °C ne potice
patoloske promjene. Ovi rezultati mogu sugerirati da je hu-
mana pulpa otpornija na toplinsku ozljedu, Stovise, izmjereni
pragovi u navedenim istrazivanjima visi su negoli povecanje
intrapulpne temperature u ovom istrazivanju. Osim toga, iz-
mjerena povecanja temperature usporediva su i u nekim slu-
¢ajevima niza od povecanja intrapulpne temperature nakon
primjene svjetlosno aktiviranih lampi za izbjeljivanje.

Zakljuc¢ak

Na temelju dobivenih rezultata moze se zaklju¢iti da kori-
stenje eksterne topline tijekom stvrdnjavanja SIC-a nema kao
posljedicu Stetno pregrijavanje pulpnog tkiva i patoloski u¢i-
nak. Zbog toga se primjena eksterne topline (thermo-curing)
kao tehnike stvrdnjavanja na zahtjev (Command set) i tehni-
ke za poboljsanje mehanickih svojstava i adhezije SIC-a moze
preporuciti u klinickoj praksi.
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adversely affects the properties of GIC (8,9,10,11,12,13,14,1
5,16,17,18,19,20). Although ultrasound accelerated the set-
ting, its use was clinically difficult. Consequently, there has
been less commercial interest in the technique. Heat on the
other hand can be applied through LED lamps such as those
marketed by GC corp with its Equia Forte system.

As with the use of light activated bleaching systems (21),
thermo-setting GIC can lead to intra pulpal temperature ris-
es. However, the current study showed that the application
of heat for up to 90 seconds using GC D-light Duo leads to
2-3°C rise in temperature in the pulp chamber even though
the surface temperature rose as high as 50.2°C. This happened
because GICs are thermal insulators and as previously noted
by Gavic et al. there is low thermal conductivity in GIC res-
torations with the thickness of 4mm and 2mm (22). How-
ever, their study was not performed in a tooth. The results al-
so showed a lower rise of temperature with the GIC applied
in the cavity compared with those that were not applied in
the cavity. Water is formed during the reaction, which possi-
bly cools the tooth. Also, the drop in temperature can be ex-
plained by a lower initial temperature of the filling material
which is around 23°C when placed in the cavity.

An extensive debate has been ongoing as to adverse ef-
fects of temperature rises on the pulp. Some research was car-
ried out to examine whether temperature rise can be lethal
to the pulp. Zach and Cohen (23) investigated the effect of
temperature rise on the pulp of thesus monkeys. Their study
reported that a temperature rise of 5.6°C (above body tem-
perature, meaning above 42.6°C) led to irreversible damage
in 15% monkeys. It was found that the temperature rise of
16.6°C led to pulp damage in 100% monkeys. In contrast,
some studies (24,25,26) found that the rise in temperature
in human pulp between 8.9°C and 14.7°C does not pro-
duce any pathology. Although this may suggest that human
pulp is more resilient to heat damage, the thresholds reported
by these studies are higher than the intrapulpal increase ob-
served in the current study. Moreover, these temperature rises
are comparable and in some cases lower than the intrapulpal
temperature rises reported with the use of the light activated

bleaching lamps (24).

Conclusion

Based on the obtained results it could be concluded that
the use of external heat during the setting of GIC materi-
al does not lead to harmful overheating of the pulp tissue,
hence it does not cause any pathological conditions. The ap-
plication of external heat (Thermo-curing) as a “Command
set” method and technique for improving mechanical prop-
erties and adhesion of GIC materials can be part of regular
clinical practice.

Conflict of interest
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Abstract

The application of the Glass lonomer Cements in clinical dentistry is recommended due to properties
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such as fluoride release, chemical adhesion to tooth, negligible setting shrinkage, and coefficient of

thermal expansion close to tooth, low creep, and good color stability. However, the cement is vulner-
able to early exposure to moisture due to slow setting characteristics. The uses of external energy
such as ultrasound and radiant heat (Thermo-curing) have been reported to provide acceleration of
the setting chemistry and enhance physical properties. Aim: The aim of this in vitro study was to ana-
lyze temperature changes in the pulpal chamber when using radiant heat to accelerate the setting of
GICs. Matherials and methods: The encapsulated GIC Equia Forte was used for this study. The tem-
perature changes in the pulp were measured using thermocouple in the cavities which were 2,6 and
4,7mm deep with and without filling. Results: The results showed that a temperature rise (AT) in the
pulp chamber was 3,7°C. AT for the 2.6mm and 4.7mm deep cavity and without placing any restora-
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tion the temperature was 4,2°C and 2,6°C respectively. After the restoration has been placed, the AT

range in the pulp chamber was lower ranging from 1.9°C to 2.4°C. Conclusion: It could be conclud-
ed that Thermo-curing of the GIC during the setting is safe for the pulp and can be recommended in

clinical practice.
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