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Abstract

Background: The complex anatomy of root canals in primary teeth makes root canal treatment and
canal filling difficult. Root canal filling materials should meet the basic requirements for hermetic fill-
ing in terms of their physicochemical properties, such as radiopacity and viscosity, which might be
affected by heat. Objectives: The aim of this study was to investigate the effect of different temper-
atures on the filling quality and hermetic obturation ability of primary root canal filling pastes. Ma-
terials and Methods: Primary root canal filling pastes containing calcium hydroxide with barium sul-
phate and calcium hydroxide with iodoform were heated to four different temperatures (4°C, 23°C,
39°C and 55°C). After instrumentation, 80 endodontic blocks were filled with the heat-treated seal-
ers. Digital radiographs were taken and analysed. The results were analyzed using Tukey’s HSD,
two-way Robust ANOVA, and the Bonferroni test for multiple comparisons. Results: The results of
this study, the obturation radiopacity values of calcium hydroxide paste containing barium sulphate
showed significant differences at different temperature values. Paste at 4°C showed significantly
higher radiopacity (p<0.001). Paste at 55°C showed both significantly higher radiopacity (p<0.001),
and the total unfilled area values obtained at 55°C was found to be significantly lower than the oth-
er temperatures (p=0.025). Conclusion: It was observed that the preheating process had a positive
effect both on the filling quality and hermetic obturation capacity of primary root canal sealants at
high temperatures.
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Introduction

Deciduous teeth are crucial for maintaining overall
health and ensuring proper development in children. It is
important to preserve their continuity to meet children’s nu-
tritional needs and facilitate proper phonation (1, 2). Primary
teeth have unique characteristics that make them more sus-
ceptible to infection and inflammation, such as in cases of
caries and trauma. When inflammation and infection lead
to pulp necrosis, root canal treatment is necessary for pri-
mary teeth (3).

The aim of a root canal treatment is to improve the
tooth’s intraoral prognosis by cleaning the entire root canal
system, thus eliminating infection, disinfecting effectively,
and completely filling the entire root canal (4, 5). An effec-
tive primary tooth root canal treatment requires the elimi-
nation of microorganisms, appropriate biochemical prepara-
tions, and the selection of suitable filling materials with the
correct capacity for obturation. Additionally, the root canal

Uvod

Mlijec¢ni zubi klju¢ni su za ocuvanje cjelokupnog zdrav-
lja i osiguravanje pravilnog razvoja djece. Vazno je sacuvati
njihov kontinuitet kako bi se zadovoljile dje¢je prehrambe-
ne potrebe i omogudila pravilna fonacija (1, 2). Mlije¢ni zubi
infekcije i upale, kao $to su slu¢ajevi karijesa i traume. Kada
se zbog upale i infekcije pojavi nekroza pulpe, potrebno je li-
jecenje korijenskih kanala mlije¢nih zuba (3).

Cilj endodontskog lije¢enja jest poboljsati intraoralnu
prognozu zuba ¢is¢enjem kanalnog sustava ¢ime se eliminira
infekcija, ucinkovito dezinficira i potpuno ispuni cijeli kori-
jenski kanal (4, 5). U¢inkovito endodontsko lije¢enje mlijec-
nih zuba zahtijeva eliminaciju mikroorganizama, odgova-
raju¢e biokemijske preparate i pravilan odabir materijala za
punjenje odgovarajudeg kapaciteta opturacije. Uz to, korijen-
ski kanal mora biti dobro zapec¢a¢en hermetic¢kim ispunom i
treba osiguravati minimalne razmake prema stijenkama zu-
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must be effectively sealed with a hermetic filling, ensuring
minimal gaps (6). The success of endodontic treatment in
primary teeth is dependent on the quality of the root canal
filling. It must be radiopaque to allow for evaluation of treat-
ment success and ensure complete filling without overflow-
ing into the periapical tissues (7-10). However, in primary
teeth with complex canal anatomy, where the root canals are
thin, and the root structure is divergent, accessory, and later-
al canals along with anastomoses are common. Therefore, it
is important to use filling pastes with appropriate viscosity to
ensure deep penetration for effective sealing (11).

The temperature of the sealer is one of the conditions that
affect their viscosity. It has been suggested that increasing the
temperature of the filling material may decrease the viscosity.
This can result in better penetration of the root canal filling
pastes into the intracanal region, providing a hermetic filling
(12,13). Currently, there is insufficient information on the
impact of temperature on canal sealants used in primary root
canal treatment and how it affects the quality and capacity
of the canal filling. This study aimed to investigate and eval-
uate the filling quality and obturation capacity of calcium
hydroxide containing barium sulphate and calcium hydrox-
ide canal filling pastes containing iodoform, which are com-
monly used in the root canal treatment of primary teeth, at
different temperatures.

Materials and Methods

The study employed 80 resin endodontic blocks (Guang-
zhou Danter Co Ltd, Guangdong, and China) containing
240 canals (Figure 1). To ensure statistical significance, a
minimum of 12 samples were taken in each subgroup, re-
sulting in a total of 96 samples with a 95% confidence lev-
el (I-ar), 95% power (1-f), and £=0.518 effect size. Each sub-
group consisted of 30 specimens, resulting in a total of 240
root canal specimens.

The access cavity was opened from the crown area on
the resin blocks, and coronal access to the root canals was
obtained. To determine the working length in the root ca-
nals, #15 K-file (DiaDent Group International, Seoul, South
Korea) was advanced along the canal until the tip of the file
was visible from the apices. The blocks were standardized for
consistency during filling, and the working length in each
canal was 14 mm. The root canals were prepared using pe-
dodontic Ni-Ti files (EndoArt Pedo File Gold, Inci Dental
Medical Malz, Istanbul, Turkey) and a rotary instrument
(Endo-mate DT, Tochigi, Japan) shaped to a 30/04 file size
to mimic pulp tissue. Modelling wax was used to cover the
apical ends of the anatomical blocks to prevent overflow dur-
ing the filling process.

Before filling, 10 blocks were randomly selected, and ra-
diopaque material (Opaxol 300 mg/ml IA/IV solution) was
applied to the canals using a syringe to assess the standardi-
sation of the canal areas. Antero-posterior images were tak-
en of the specimens after the application of the radiopaque
material (30 mm, 0.18 sec, 70 kVp). The images were trans-
ferred to the computer, digitized, and then transferred to Im-
age] software (Madison University, Madison, USA). The area

Quality of the Root Canal Pastes .

ba (6). Uspjeh endodontskog lijecenja mlije¢nih zuba ovisi o
kvaliteti punjenja korijenskog kanala. Mora biti rendgenski
neproziran kako bi se omoguéila procjena uspjesnosti lijece-
nja i osiguralo potpuno punjenje bez prelijevanja u periapek-
sna tkiva (7 — 10). Medutim, kod mlije¢nih zuba sa slozenom
anatomijom kanala, gdje su korijenski kanali tanki, a struk-
tura korijena divergentna, ¢esti su akcesorni i lateralni kanali
s anastomozama. Zato je vazno upotrijebiti paste za punjenje
odgovarajuce viskoznosti kako bi se osigurala duboka pene-
tracija za u¢inkovito brtvljenje (11).

Temperatura brtvila jedan je od uvjeta koji utje¢u na nji-
hovu viskoznost. Pretpostavlja se da povecanje temperatu-
re materijala za punjenje moze smanjiti viskoznost. To moze
rezultirati boljim prodiranjem pasta za punjenje korijenskih
kanala u intrakanalno podrugje i osigurati hermeticki ispun
(12, 13). Trenuta¢no nema dovoljno informacija o utjecaju
temperature na sredstva za brevljenje kanala koja se upotre-
bljavaju u lije¢enju korijenskih kanala mlije¢nih zuba te ka-
ko ona utje¢u na kvalitetu i kapacitet punjenja kanala. Cilj
ovog istrazivanja bio je procijeniti kvalitetu punjenja i kapa-
citet opturacije pasta za punjenje korijenskih kanala na bazi
kalcijeva hidroksida koji sadrzava barijev sulfat i kalcijeva hi-
droksida koji sadrzava jodoform, a koje se uobicajeno upotre-
bljavaju u lije¢enju korijenskih kanala mlije¢nih zuba na ra-
zli¢itim temperaturama.

Materijali i metode

U istrazivanju je koristeno 80 smolastih endodontskih
blokova (Guangzhou Danter Co Ltd, Guangdong i Kina)
koji su sadrzavali 240 kanala (slika 1.). Da bi se osigurala sta-
tisticka znacajnost, uzeto je najmanje 12 uzoraka u svakoj
podskupini, $to je rezultiralo s ukupno 96 uzoraka s 95-po-
stotnom razinom pouzdanosti (1-at), 95-postotnom (1-f) i f
= 0,518 veli¢inom ucinka. Svaka se podskupina sastojala od
30 uzoraka, $to je rezultiralo s ukupno 240 uzoraka korijen-
skih kanala.

Pristupni kavitet otvoren je u podruc¢ja krune na smola-
stim blokovima i dobiven je koronarni pristup korijenskim
kanalima. Kako bi se odredila radna duljina korijenskih ka-
nala, K-instrument #15 (DiaDent Group International, Se-
ul, Juzna Koreja) pomican je duz kanala sve dok vrh instru-
menta nije izvirio kroz apeks. Blokovi su standardizirani za
konzistenciju tijekom punjenja, a radna duljina u svakom ka-
nalu bila je 14 mm. Korijenski kanali pripremljeni su s po-
mo¢u pedodontskih Ni-Ti instrumenata (EndoArt Pedo File
Gold, Inci Dental Medical Malz, Istanbul, Turska) i rotira-
juceg instrumenta (Endo-mate DT, Tochigi, Japan) obliko-
vanog prema veli¢ini 30/04 da oponasa tkivo pulpe. Vosak za
modeliranje kori$ten je za pokrivanje apikalnih krajeva ana-
tomskih blokova da bi se sprijecilo prelijevanje tijekom pro-
cesa punjenja.

Prije punjenja nasumicno je odabrano 10 blokova, a rend-
genski neprozirni materijal (Opaxol 300 mg/ml TA/IV otopi-
na) apliciran je u kanale strcaljkom da bi se procijenila stan-
dardizacija podru¢ja kanala. Anteroposteriorne slike uzoraka
snimljene su poslije primjene radioopaknog materijala (30
mm, 0,18 s, 70 kVp). Slike su prebacene na racunalo, digita-
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of the root canals was calculated using Image] for a total of
30 canals. The area values of all the root canals were found to
be equal, with a measured value of 7.25 mm? for each canal.

Two different primary root canal filling pastes were used:
RubyCal calcium hydroxide paste (Inci Dental Medical
Malz, Istanbul, Turkey) containing barium sulphate and lo-
dopex calcium hydroxide paste (Inci Dental Medical Malz,
Istanbul, Turkey) containing iodoform. The canal filling
pastes were prepared at four different temperatures, and the
canal fillings were performed. The canal filling pastes were
stored either at 4°C for 48 hours or at room temperature
(23°C) for 48 hours before use. For the higher temperature
pastes, a composite heater (Micerium, S.p.a., Avegno GE, It-
aly) was used to raise the paste temperature to either 39°C or
55°C. The pastes were applied to the canals as soon as they
were removed from the 4°C refrigerator, at 23°C room tem-
perature, and at 39°C and 55°C as soon as they were removed
from the device. Temperatures were confirmed. The 80 resin
blocks, containing 240 canals, were randomly divided into
two main groups based on the canal cement used for filling,
Each main group was further divided into four subgroups
based on temperature, resulting in a total of eight subgroups.
Thirty canals in each subgroup were filled with paste at the
specific temperature of the corresponding group.

The blocks were kept in the oven at 37°C before applica-
tion, then they were taken out of the oven and pastes were
applied immediately. The root canal was filled with the seal-
ant insertion tip for each paste. To avoid changes in paste
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lizirane i zatim prenesene u softver Image] (Madison Univer-
sity, Madison, SAD). Povrsina korijenskih kanala izra¢unata
je s pomoc¢u ImageJ-a za ukupno 30 kanala. Utvrdeno je da
su vrijednosti povrsine svih korijenskih kanala jednake, s iz-
mjerenom vrijednoséu od 7,25 mm? za svaki kanal.

Koristene su dvije razlicite paste za primarno punjenje
korijenskih kanala: RubyCal s kalcijevim hidroksidom (Inci
Dental Medical Malz, Istanbul, Turska) koja sadrzava ba-
rijev sulfat i lodopex s kalcijevim hidroksidom (Inci Den-
tal Medical Malz, Istanbul, Turska) koja sadrzava jodoform.
Paste za punjenje kanala pripremljene su na Cetirima razlici-
tim temperaturama, te su obavljena punjenja kanala. Paste
za punjenje kanala pohranjene su na 4 °C 48 sati ili na sob-
noj temperaturi (23 °C) 48 sati prije upotrebe. Za paste s vi-
$im temperaturama koristen je kompozitni grija¢ (Micerium,
S.p.a., Avegno GE, ltalija) za podizanje temperature paste na
39 °C ili 55 °C. Paste su nanesene na kanale ¢im su izvade-
ne iz hladnjaka na 4 °C, na sobnoj temperaturi na 23 °C, a
na 39 °C1i 55 °C ¢im su izvadene iz uredaja. Temperature su
provjerene. Ukupno 80 smolastih blokova s 240 kanala na-
sumicno je podijeljeno u dvije glavne skupine na temelju pa-
ste koja je koristena za punjenje. Zatim je svaka glavna sku-
pina podijeljena u ¢etiri podskupine na temelju temperature,
$to je rezultiralo s ukupno osam podskupina. Trideset kanala
u svakoj podskupini ispunjeno je pastom na specifiénoj tem-
peraturi odgovarajuce skupine.

Blokovi su se drzali u peénici na 37 °C prije nanosenja,
zatim su izvadeni iz pe¢nice i odmah su aplicirane paste. Ko-

Figure 1 Endodontic blocks

Slika 1. Endodontski blok

Figure 2 Radiographic images of the block after filling
A: 4°C Calcium hydroxide paste with barium sulphate
B: 23°C Calcium hydroxide paste with barium sulphate
C: 39°C Calcium hydroxide paste with barium sulphate.
D: 55°C Calcium hydroxide paste with barium sulphate.

Slika 2. Radioloske slike bloka poslije punjenja
A: 4 °C Pasta kalcijeva hidroksida s barijevim sulfatom
B: 23 °C Pasta kalcijeva hidroksida s barijevim sulfatom
C: 39 °C Pasta od kalcijeva hidroksida s barijevim sulfatom.
D: 55 °C Pasta kalcijeva hidroksida s barijevim sulfatom.

E: 4°C Calcium hydroxide paste with iodoform
F: 23°C Calcium hydroxide paste with iodoform
G: 39°C Calcium hydroxide paste with iodoform
I: 55°C Calcium hydroxide paste with iodoform

E: 4 °C Pasta kalcijeva hidroksida s jodoformom

F: 23 °C Pasta kalcijeva hidroksida s jodoformom

G: 39 °C Pasta od kalcijeva hidroksida s jodoformom
I: 55 °C Pasta od kalcijeva hidroksida s jodofom
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temperature, a standardized paste insertion tip was used for
fillings that had to be performed quickly. The tip was 3 mm
shorter than the canal length. The canals were filled com-
pletely from apical to coronal with the tips placed 11 mm
into the canal. The specimens were fixed in a wax mould
alongside an 8 mm thick block of 98% pure aluminum for
radiographic imaging. The specimens were radiographed in
the anteroposterior direction with an exposure time of 0.18
s at 30 mm and 70 kVp for each specimen. The analogue
images obtained using phosphor plate were transferred to
the computer and digitized. The canal configurations are
straight, and each canal was analyzed by obtaining a com-
plete image on the radiograph. The images where the canal
superimposition has been renewed are shown in Figure 2.

The capacity of the canal to be filled was evaluated by
measuring and adding up all the unfilled cavities in square
millimeters from the post-filling radiographs using Image]
software. After calibrating the software, each cavity area was
manually highlighted, and measurements were taken sep-
arately for the unfilled areas in square millimeters. Mea-
surements of each unfilled area were taken three times. The
square millimeter values of all unfilled areas in the canal
were added up, and the total unfilled area value for each ca-
nal was determined.

The radiopacity value in millimeters of aluminum
(mmAl) of the total area of the canals to which the paste was
applied after filling was used to assess the quality of the canal
filling. The antero-posterior periapical view of the endodon-
tic canal blocks was standardized using the same distance
and exposure time (30 mm, 0.18 sec, 70 kVp) for all blocks
after filling. Radiopacity was assessed using side-by-side peri-
apical images of eight aluminum blocks arranged in incre-
ments of 1 mm from 3 mm to 10 mm. The images were tak-
en at the same distance and exposure time. The area of each
canal where the filling paste could be delivered was manual-
ly selected using Image], excluding unfilled areas. The mean
grey value of the selected area was obtained from Image]. To
ensure accuracy, the measurement was repeated in triplicate
for each canal. The mean grey value was obtained from each
step in the periapical image of the incremental aluminum
blocks. The obtained values were checked by comparing the
mean grey value of the aluminum block displayed anteropos-
teriorly side by side with the specimens and the mean grey
value of the step corresponding to the same thickness. The
values obtained from the images were converted to mmAl
using the provided equation:

(A-B/C-B) x increments of aluminum blocks + mmAl value
below the mean grey value of the paste

A= Medium Grey Value (MGV) of the material

B= MGV of the aluminum block that gives the first value be-
low the MGV of the paste

C=Aluminum block that gives the first value above the
MGYV of the material is the MGV of the scale thickness.
Filling quality was evaluated using the radiopacity of the

sealers, which increased and decreased with the internal ho-

mogeneity after filling on radiography. While decreasing ho-

mogeneity showed that the paste was less radiopaque and
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rijenski kanal ispunjen je nastavkom za umetanje cementa
za svaku pastu. Da bi se izbjegle promjene u temperatura-
ma pasta, kori$ten je standardizirani nastavak za umetanje
paste za punjenje Sto je trebalo u¢initi brzo. Nastavak je bio
3 mm kraci od duljine kanala. Kanali su u cijelosti ispunje-
ni od apeksa do krune nastavcima postavljenima 11 mm u
kanal. Uzorci su fiksirani u vostanom kalupu uz blok od 98
% cistog aluminija debljine 8 mm za radiografsko snima-
nje. Uzorci su radiografski snimljeni u anteroposteriornom
smjeru s vremenom ekspozicije od 0,18 s na 30 mm i 70 kVp
za svaki uzorak. Analogne slike dobivene s pomocu fosforne
ploce prebacene su u racunalo i digitalizirane. Konfiguracije
kanala bile su ravne, a svaki kanal analiziran je dobivanjem
cjelovite slike na radiografiji. Slike s obnovljenom superim-
pozicijom kanala prikazane su na slici 2.

Kapacitet kanala za punjenje procijenjen je mjerenjem
i zbrajanjem svih neispunjenih kaviteta u ¢etvornim mili-
metrima iz radiografija poslije punjenja s pomocu softvera
Image]. Nakon kalibracije softvera svako podru¢je $upljine
ru¢no je istaknuto, a mjerenja su obavljena zasebno za neis-
punjena podrudja u ¢etvornim milimetrima. Mjerenja svake
neispunjene povrsine obavljena su tri puta. Zbrojene su kva-
dratne milimetarske vrijednosti svih neispunjenih povrsina u
kanalu te je odredena ukupna vrijednost neispunjene povrsi-
ne za svaki kanal.

Za ocjenu kvalitete punjenja kanala koristena je vrijed-
nost radiopaciteta u milimetrima aluminija (mm Al) uku-
pne povrsine kanala koja je poslije punjenja bila prekrivena
pastom. Anteroposteriorni periapeksni prikaz blokova endo-
dontskog kanala standardiziran je koriStenjem jednake uda-
ljenosti i vremena izlaganja (30 mm, 0,18 s, 7 0 kVp) za sve
blokove poslije punjenja. Radiopacitet je procijenjen koriste-
njem periapikalnih snimaka osam aluminijskih blokova po-
redanih jedan uz drugoga u razmacima od 1 mm od 3 mm
do 10 mm. Slike su snimljene s jednake udaljenosti i jedna-
kim vremenom ekspozicije. Podru¢je svakog kanala gdje se
pasta za punjenje moze aplicirati ruéno je odabrano s pomo-
¢u ImageJ-a, iskljucujuéi neispunjena podru¢ja. Srednja vri-
jednost sive odabranog podru¢ja dobivena je iz ImageJ-a. Ka-
ko bi se osigurala to¢nost, mjerenje je ponovljeno tri puta za
svaki kanal. Srednja vrijednost sive dobivena je iz svakog ko-
raka u periapeksnoj slici inkrementalnih aluminijskih bloko-
va. Dobivene vrijednosti provjerene su usporedbom srednje
vrijednosti sive boje aluminijskoga bloka prikazanog antero-
posteriorno pokraj uzoraka i srednje vrijednosti sive ljestvice
koja odgovara istoj debljini. Vrijednosti dobivene sa slika pre-
tvorene su u mm Al s pomoc¢u navedene jednadzibe:

(A-B/C-B) x inkrementi aluminijskih blokova + mmAl vri-
jednost ispod srednje vrijednosti sive boje paste

A =srednja siva vrijednost (MGV) materijala
B =MGV aluminijskog bloka koji daje prvu vrijednost ispod
MGV-a paste
C= aluminijski blok koji daje prvu vrijednost iznad MGV-a
materijala jest MGV debljine ljestvice.
Kvaliteta punjenja procijenjena je rendgenskom vidljivo-
$¢u pasta koja se povec¢avala i smanjivala unutarnjom homo-
geno$¢u na rendgenskoj snimeci. Dok je opadaju¢a homoge-
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thus less quality filling was achieved, increasing homogenei-
ty showed that the canal was filled with better quality. In ad-
dition, the radiopacity of the filling was examined in order
to evaluate the areas that could not be directly measured as
empty space in the inner regions due to paste superposition
in 2-D imaging. Blocks were evaluated from a single angle
which all canals could be fully viewed. 2nd angulation in-
creased the superimposition ratio of canals.

The application was carried out by a single operator. Af-
ter the blocks had been filled, they were numbered by the
assistant. Radiographs were analyzed according to block
numbers. The operator did not know which paste group was
analyzed in order to objectively evaluate the study.

The data were analysed using IBM SPSS V23. Statistical
tests included the Shapiro-Wilk test, Tukey’s HSD test, two-
way robust ANOVA, and Bonferroni test. The obtained re-
sults were presented as median (minimum-maximum) and

mean + standard deviation. Statistical significance was set
at p<0.050.

Results

A significant difference in mean radiopacity values as
a function of temperature in the calcium hydroxide paste
group containing barium sulphate was found (p<0.001). Ad-
ditionally, there was a significant difference in mean radi-
opacity values between the barium sulphate-containing cal-
cium hydroxide paste groups at 4°C and 55°C compared to
those at 23°C and 39°C (p<0.001). Additionally, there was a
significant difference in mean radiopacity values between the
barium sulphate calcium hydroxide paste groups at 23°C and
39°C (p<0.001; Table 1). The radiopacity of paste at 39°C
was significantly higher than that of paste at 23°C. A signifi-
cant difference was observed in the mean radiopacity values
based on the interaction between the root canal sealer and
temperature (p<0.001).

Table 1
Tablica 1. Usporedba radiopaciteta prema vrsti paste i temperaturi
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nost pokazala da je pasta manje rendgenski neprozirna i time
je postignuto manje kvalitetno punjenje, pove¢anje homoge-
nosti pokazalo je da je kanal ispunjen kvalitetnije. Uz to, is-
pitana je radiolucencija ispuna da bi se procijenila podru¢-
ja koja se nisu mogla izravno izmjeriti kao prazan prostor u
unutarnjim podrudjima zbog superpozicije paste u 2D sni-
manju. Blokovi su procijenjeni iz jednoga kuta iz kojega su se
svi kanali mogli vidjeti u cijelosti. Druga angulacija povecala
je omjer superpozicije kanala.

Punjenje je obavio jedan operater. Nakon $to su blokovi
popunjeni, asistent ih je numerirao. Rendgenske snimke ana-
lizirane su prema brojevima blokova. Da bi objektivno pro-
cijenio studiju, operater nije znao koja je skupina pasta ana-
lizirana.

Podatci su analizirani u programu IBM SPSS V23. Sta-
tisticki testovi ukljucivali su Shapiro-Wilkov test, Tukeyjev
HSD test, dvosmjernu robusnu ANOVA-u i Bonferronijev
test. Dobiveni rezultati prikazani su kao medijan (minimum
— maksimum) i srednja vrijednost + standardna devijacija.
Statisticka znacajnost postavljena je na p < 0,050.

Rezultati

Utvrdena je znacajna razlika u srednjim vrijednosti-
ma radiopaciteta kao funkciji temperature u skupini paste
s kalcijevim hidroksidom koja je sadrzavala barijev sulfat (p
< 0,001). Dodatno, postojala je znacajna razlika u srednjim
vrijednostima radiopaciteta izmedu skupina koje su primale
pastu s kalcijevim hidroksidom koja sadrzi barijev sulfat na 4
°C 155 °C u usporedbi s onima na 23 °C1i 39 °C (p < 0,001).
Takoder je zabiljezena znacajna razlika u srednjim vrijedno-
stima radiopaciteta izmedu skupina koje su primale pastu s
barijevim sulfatom i kalcijevim hidroksidom na 23 °C i 39
°C (p < 0,001; tablica 1.). Radiopacitet paste na 39 °C bio je
znacajno vedi nego na 23 °C. Uodena je znadajna razlika u
srednjim vrijednostima radiopaciteta na temelju interakcije
izmedu sredstva za brtvljenje korijenskog kanala i tempera-
ture (p < 0,001).

Comparison of radiopacity according to canal paste and temperature

Canal Paste ® Pasta za punjenje kanala

Calcium hydroxide paste with barium

;"_.; g sulphate ¢ Pasta kalcijeva hidroksida s (l:’zlscti\“ll::l ll; )i,.dmxli‘.ij P ft.fiw“.h ;m}oform ’ Total * Ukupno
g g (o - jeva hidroksida s jodoformom
é- é" Median Median Median
& = Average + SD © (min-max) ® Average + SD © (min-max) ® Average + SD © (min-max) ®
Prosjek + SD Medijan Prosjek + SD Medijan Prosjek + SD Medijan
(min.—maks.) (min.—maks.) (min.—maks.)
4°C 5.48+0.28C 5.55 (4.93-5.96) 7.49+0.26D 7.48 (7.00-7.95) 6.48+1.05a 6.48 (4.93-7.95)
23°C 5.06+0.19A 5.06 (4.77-5.47) 7.36+0.26D 7.29 (7.00-7.85) 6.21+1.18b 6.24 (4.77-7.85)
39°C 5.28+0.23B 5.28 (4.89-5.75) 7.34+0.22D 7.36 (7.00-7.78) 6.31+1.06b 6.38 (4.89-7.78)
55°C 5.46+0.19C 5.47 (5.01-5.80) 7.41+0.23D 7.39 (7.03-7.77) 6.43+1.00a 6.41 (5.01-7.77)
Total 5.32+0.28 5.33 (4.77-5.96) 7.40+0.25 7.39 (7.00-7.95) 6.36+1.07 6.48 (4.77-7.95)

a-b: A statistically significant difference exists between the values represented by different letters. ® Postoji statisticki znacajna razlika izmedu
vrijednosti predstavljenih razli¢itim slovima.
A-D: A statistically significant difference exists between the values represented by different letters. ¢ Postoji statisticki znacajna razlika izmedu
vrijednosti predstavljenih razli¢itim slovima.
A-a/ A-b: A statistically significant difference exists between the values represented by uppercase and lowercase letters, whether they are same or

different. ® Postoji statisticki znacajna razlika izmedu vrijednosti predstavljenih velikim i malim slovima, bilo da su iste ili razli¢ite.
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Table 2  Statistical data of unfilled area values Test Stat. p
according to canal paste and temperature . -~
Tablica 2. Statisticki podatci o vrijednostima neispunjene Canal paste * Pasta za punjenje kanala 0.053 0.818
povrsine prema pasti kanala i temperaturi Temperature * Temperatura 3.118 0.025
* .
I?anal paste 'ter.nperatur*e 6.282 0.099
asta za punjenje kanala* temperatura
*Robust ANOVA
Table3  Comparison of unfilled area values according to canal paste and temperature
Tablica 3. Usporedba vrijednosti neispunjene povrsine prema pasti za punjenje kanala i temperaturi
Canal Paste ® Pasta za punjenje kanala
P Calcium hydroxide Pf‘Ste Wfth bal:lum Calcium hydroxide paste with iodoform © Total ® Ukupno
8 8 il ol sl aliihol i Pasta kalcijeva hidroksida s jodoformom
s £ barijevim sulfatom
é- g‘ Median Median Median
2 = Average + SD ¢ (min-max) ® Average + SD ¢ (min-max) ® Average + SD ¢ (min-max) ®
Prosjek + SD Medijan Prosjek + SD Medijan Prosjek + SD Medijan
(min.—maks.) (min.—maks.) (min.—maks.)
4°C 0.56 + 0.79 0.26 (0.00 - 3.68) 1.00 + 0.95 0.73 (0.00 - 3.83) 0.78 £ 0.89 0.53 (0.00 - 3.83)b
23°C 0.75+0.72 0.62 (0.00 - 3.51) 0.58 +0.59 0.47 (0.00 - 2.73) 0.66 + 0.66 0.52 (0.00 - 3.51)b
39°C 1.17 + 1.16 0.80 (0.00 - 3.75) 0.84 +0.73 0.59 (0.00 - 2.49) 1.00 + 0.98 0.70 (0.00 - 3.75)b
55°C 0.49 + 0.50 0.37 (0.00 - 2.12) 0.29 + 0.34 0.16 (0.00 - 1.04) 0.39 + 0.44 0.27 (0.00 - 2.12)a
Total 5.32+0.28 5.33 (4.77-5.96) 7.40£0.25 7.39 (7.00-7.95) 6.36£1.07 6.48 (4.77-7.95)

a-b: A statistically significant difference exists between the values represented by different letters. ¢ Postoji statisticki znacajna razlika izmedu

vrijednosti predstavljenih razli¢itim slovima.

b-b: No statistically significant difference exists between the values represented by same letters. ® Ne postoji statisticki znacajna razlika izmedu

vrijednosti predstavljenih istim slovima.

A significant difference was observed between the two
paste groups at all temperatures (p<0.001; Table 1) when
comparing the radiopacity of the pastes based on tempera-
ture groups. The mean radiopacity values were also found
to be significantly different (p<0.001) when compared based
on temperature without distinguishing between canal seal-
ers (Table 1). Significant differences were found between the
mean radiopacity values of the root canal sealants regard-
less of temperature (p<0.001). The calcium hydroxide paste
group containing iodoform exhibited significantly higher ra-
diopacity than the calcium hydroxide paste group contain-
ing barium sulphate.

Canal filling capacity was evaluated by comparing the
values for the unfilled area of the canals. A significant differ-
ence was observed in the median values of the unfilled area
based on temperature, with no differentiation between canal
sealants (p=0.025; Table 2). Additionally, a significant dif-
ference was observed in the median values of the 4°C, 23°C,
and 39°C paste groups compared to the median values of the
55°C paste group (p=0.025; Table 3). At 55°C, the unfilled
areas were found to be significantly lower compared to the
other temperatures, and the material was able to fill more
volume effectively than the other temperatures, suggesting
that the filling capacity at 55°C was markedly higher.

Discussion

The success of root canal treatment in primary teeth is
influenced by several factors, including the quality of the
preparation, the use of an obturation material that provides a
hermetic filling with minimal gaps, and good sealing (14). It
is important to note that these factors should be considered

Uocena je znacajna razlika izmedu dviju skupina pasta
na svim temperaturama (p < 0,001; tablica 1.) kada se uspo-
redivala radioprozirnost pasta na temelju temperaturnih sku-
pina. Utvrdeno je da su srednje vrijednosti radiopaciteta ta-
koder znacajno razlicite (p < 0,001) ovisno o temperaturi,
bez razlika izmedu sredstava za brevljenje kanala (tablica 1.).
Utvrdene su znadajne razlike izmedu srednjih vrijednosti ra-
diopaciteta pasta za korijenske kanale bez obzira na tempe-
raturu (p < 0,001). Skupina paste s kalcijevim hidroksidom
koja je sadrzavala jodoform pokazala je znatno ve¢i radiopa-
citet od skupine paste s kalcijevim hidroksidom koja je sadr-
zavala barijev sulfat.

Kapacitet punjenja kanala procijenjen je usporedbom
vrijednosti za neispunjenu povr$inu kanala. Uocena je zna-
¢ajna razlika u srednjim vrijednostima neispunjenog podrug-
ja na temelju temperature, bez razlike izmedu materijala za
brtvljenje (p = 0,025; tablica 2.). Dodatno je utvrdena znacaj-
na razlika u srednjim vrijednostima skupina pasta od 4 °C,
23°C 139 °C u usporedbi s vrijednostima medijana skupine
pasta od 55 °C (p = 0,025; tablica 3.). Na 55 °C, otkriveno je
da su neispunjena podru¢ja znatno manja u usporedbi s dru-
gim temperaturama, a materijal je mogao ispuniti ve¢i volu-
men ucinkovitije nego na drugim temperaturama, $to sugeri-
ra da je kapacitet punjenja na 55 °C bio znatno ve(i.

Rasprava

Na uspjesnost endodontskog lije¢enja mlije¢nih zuba
utjece vise ¢cimbenika, ukljucujudi kvalitetu preparacije, upo-
trebu opturacijskoga materijala koji osigurava hermeticko
punjenje s minimalnim prazninama i dobro pecacenje (14).
Vazno je napomenuti da te ¢imbenike treba uzeti u obzir pri
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when performing the root canal treatment in primary teeth
(15). Additionally, the type, viscosity, and consistency of the
paste used in primary canal treatment can affect the number
and size of remaining cavities in the root canal after filling. A
decrease in viscosity enhances the fluidity of liquids, but this
also increases the ability of sealants to penetrate the tubules
of the root canal system and root dentin (16, 17). The tem-
perature of the material being used is one of the most signif-
icant factors affecting the viscosity of materials. Root canal
filling pastes exhibit a decrease in viscosity as they are heated.
Reducing the viscosity of the sealant enables greater flow and
tubular penetration into the canals (18). Although heating
materials have become more popular in recent years, dentists
mainly use it for fissure sealants, composites, and permanent
canal filling pastes (19-21). The methods used to increase the
temperature of dental materials employ composite heating
devices, hand-hold heating, dental unit light, and heating
with a hot water bath. In addition to these methods, heat cy-
cle apparatus, hair dryers, devices used to melt wax and the
use of microwave ovens are some of the methods found in
the literature to increase heat (22). In the study, a composite
heating device was used to obtain high temperatures.

The study found that the preferred temperatures for the
refrigerator and room were 4°C and 23°C, respectively. Addi-
tionally, for the preheating process of root canal filling pastes,
two high temperature values, 39°C and 55°C, were preferred.
Calcium oxide is the principal flux in medium and high tem-
perature glazes, beginning its action (within the glaze) around
1100°C. It must be used with care in high-fire bodies because
its active fluxing action can produce a body that is excessive-
ly volatile (melting if slightly overfired) (23). Temperatures
above 55°C were not evaluated due to potential harmful ef-
fects on tissues if the paste overflows into the apical region.
High fluidity of the paste and increasing flow of sealers in-
crease the possibility of the apical extrusion. Excessive over-
flow of the sealers may cause injuries to the periapical tissues
and increase the possibility of damage to adjacent anatomical
tissues and structures (24). In studies where preheating was
applied, it was observed that heat loss occurred in the mate-
rials after the heating process was terminated. Walter et al.
(21) reported that the material removed from the heating de-
vice lost 50% of its heat within two minutes, and 90% with-
in five minutes. The evaluation of temperature of 55°C was
conducted with the expectation that any paste overflow in-
to the apical tissues would not have a significant harmful ef-
fect due to the anticipated heat loss after the termination of
heating. Eriksson and Albrektsson (25) stated that the tem-
perature difference above 10°C lasting around one minute is
clinically acceptable, but heat activity of five minutes or more
can cause damage to bone tissue and surrounding living tis-
sue. Researchers stated that fat cells resorb bone tissue and re-
place it. Although the time factor is also important, the criti-
cal temperature has been reported to be 47°C.

Several studies have reported on the effectiveness and
success of materials used as root canal filling pastes in pri-
mary teeth (26, 27). However, no studies have investigated
the effects of preheating root canal sealants used in the treat-
ment of primary teeth and their fluidity on the filling capaci-

Kvaliteta pasta za korijenske kanale

provodenju endodontskog lije¢enja mlije¢nih zuba (15). Uz
to, vrsta, viskoznost i konzistencija paste koja se upotreblja-
va u primarnom lijecenju kanala moze utjecati na broj i veli-
¢inu preostalih Supljina u korijenskom kanalu nakon punje-
nja. Smanjenje viskoznosti povecava fluidnost tekuéina, ali i
svojstvo brtvila da prodre u tubule sustava korijenskog kana-
la i korijenski dentin (16, 17). Temperatura materijala koji se
upotrebljava jedan je od najznacajnijih ¢imbenika koji utjecu
na viskoznost materijala. Paste za punjenje korijenskih kana-
la pokazuju smanjenje viskoznosti kada se zagrijavaju. Sma-
njenje viskoznosti paste omogucuje veéi protok i prodor u
kanale (18). Grijanje materijala postalo je sve popularnije po-
sljednjih godina, a stomatolozi ga uglavnom primjenjuju za
pecacenje fisura, kompozite i paste za trajno punjenje kana-
la (19 — 21). Pritom se koriste razli¢ite metode za povecanje
temperature dentalnih materijala — uredaji za grijanje kom-
pozita, grijanje iz ruke, svjetiljka stomatoloske jedinice i gri-
janje u kupki s toplom vodom. Osim tih metoda, uredaji za
zagtijavanje, susila za kosu, uredaji koji se upotrebljavaju za
topljenje voska i uporaba mikrovalnih pe¢nica neke su od
metoda koje se nalaze u literaturi za povecanje topline (22).
U istrazivanju je koristen uredaj za grijanje kompozita za po-
stizanje visokih temperatura.

Istrazivanje je pokazalo da su pozeljne temperature za
hladnjak i prostoriju 4 °C, odnosno 23 °C. Dodatno, za pro-
ces predgrijavanja paste za punjenje korijenskog kanala, po-
zeljne su dvije i visoke temperature — 39 °C i 55 °C. Kalcijev
oksid glavni je fluks u glazurama srednje i visoke temperatu-
re, a pocinje djelovati (unutar glazure) na oko 1100 °C. Mo-
ra se koristiti oprezno u tijelima s visokim temperaturama jer
njegovo aktivno djelovanje fluksa moze proizvesti tvar koja je
pretjerano hlapljiva (topi se ako lagano pregori) (23). Tempe-
rature vise od 55 °C nisu procijenjene zbog mogucih Stetnih
ucinaka na tkiva ako se pasta prelije u apikalno podrugje. Vi-
soka fluidnost paste i ve¢i protok pove¢avaju moguénost api-
kalne ekstruzije. Prekomjerno prelijevanje paste moze ostetiti
periapikalna tkiva i povecati moguénost za osteéenje susjed-
nih anatomskih tkiva i struktura (24). U istrazivanjima u ko-
jima je primijenjeno predgrijavanje uoceno je da se dogodio
gubitak topline u materijalima nakon zavr$etka procesa za-
grijavanja. Walter i suradnici (21) izvijestili su da je materi-
jal koji je uklonjen iz uredaja za grijanje izgubio 50 % topli-
ne unutar dvije minute, a 90 % unutar pet minuta. Procjena
temperature od 55 °C provedena je s oéekivanjem da even-
tualno prelijevanje paste u apikalna tkiva nece znacajno Stet-
no utjecati zbog ocekivanog gubitka topline poslije prestanka
zagrijavanja. Eriksson i Albrektsson (25) navode da je tempe-
raturna razlika iznad 10 °C u trajanju od oko jedne minute
klinicki prihvatljiva, ali toplinska aktivnost od pet minuta ili
vise moze prouzroditi o$te¢enje kostanoga tkiva i okolnoga
zivog tkiva. Istrazivaci su naveli da masne stanice resorbiraju
kostano tkivo i nadomjestaju ga. lako je faktor vremena ta-
koder vazan, zabiljezeno je da je kriti¢na temperatura 47 °C.

U nekoliko istrazivanja autori su izvijestili o u¢inkovitosti
i uspjehu materijala koji se upotrebljavaju kao paste za punje-
nje korijenskih kanala u mlije¢nim zubima (26, 27). Medu-
tim, u nijednom istrazivanju nisu analizirani ucinci pred-
grijavanja sredstava za brtvljenje korijenskih kanala koji se
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ty, quality, or root canal spaces after filling. The study results
indicate a significant difference in the average radiopacity of
calcium hydroxide paste containing barium sulphate based
on temperature. The text follows a logical structure with
causal connections between statements. The paste at 55°C
exhibited significantly higher radiopacity compared to 23°C
and 39°C. Bodrumlu and Demir (16) conducted a study to
evaluate the flow properties of iodoform calcium hydroxide
paste at four different temperatures (4°C, 23°C, 39°C and
55°C). A decrease in material flow was observed with de-
creasing paste temperature. Chang et al. (7) also tested the
flow properties of different pastes at temperatures starting at
25°C, including calcium hydroxide-containing paste, calci-
um phosphate-containing paste, and epoxy resin-containing
paste. The flowability of the pastes was evaluated by gradual-
ly increasing the temperature at a rate of 5°C per minute un-
til it reached 200°C. Similar to the findings of this study, the
flow values of calcium phosphate-containing paste sharply
increased at temperatures above 100°C, while those of cal-
cium hydroxide-containing paste increased after 190°C. Ya-
mauchi et al. (28) tested root canal filling pastes containing
calcium silicate by heating them to 100°C for 1 minute and
comparing their fluidity to that at room temperature. Our
results contradict the report of a significant decrease in flu-
idity at high temperatures. Cinar and Sevimay (29) conduct-
ed a study which showed that mineral trioxide aggregates
containing filler paste were most fluid at room temperature
(25°C) and internal body temperature (37°C). The study also
reported that the viscosity of calcium hydroxide-containing
filling pastes increased with temperature and that this group
was the most affected by temperature increase. In this study,
the radiopacity of the calcium hydroxide paste containing
barium sulphate was measured at different temperatures. The
results showed an increase in radiopacity from 23°C to 39°C
and then to 55°C. When the temperature groups were eval-
uated without any paste distinction, the highest radiopacity
was observed at 55°C. Higher temperatures increase the flu-
idity of the root canal filling paste, resulting in a more ho-
mogeneous filling in the existing root canal volume due to
increased fluidity and reduced viscosity.

When evaluating the temperature subgroups without
any paste discrimination, the radiopacity value was higher
at 55°C compared to 23°C and 39°C. Furthermore, high ra-
diopacities were observed in the 4°C group containing bar-
ium sulphate and calcium hydroxide paste, as well as in the
4°C group evaluated without paste separation. It is believed
that the decrease in temperature alters the physico-chemical
properties of the materials, resulting in an increase in radi-
opacity. In addition, it is thought that more intense radiopac-
ity of the paste at 4°C may be due to the structural tightening
of radiopaque components in the cold, resulting in greater
absorption of X-rays. The paste at 4°C, with the decreasing
temperature, becomes more viscous, thus making the paste
application difficult. Besides, the application time of the ma-
terials into the canal is prolonged.

When evaluating the radiopacity of root canal filling
pastes, it is important to consider several factors that can in-
fluence the radiopacity of a paste. These factors include the
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upotrebljavaju u lije¢enju mlije¢nih zuba i njihova fluidnost
na kapacitet punjenja, kvalitetu ili prostore korijenskih kana-
la nakon punjenja. Rezultati istrazivanja upucuju na znacajnu
razliku u prosje¢nom radiopacitetu paste kalcijeva hidroksida
koja sadrzava barijev sulfat na temelju temperature. Tekst sli-
jedi logi¢nu strukturu s uzro¢no-posljedi¢nim vezama medu
izjavama. Pasta na je 55 °C pokazala znacajno ve¢i radiopaci-
tet u usporedbi s 23 °C i 39 °C. Bodrumlu i Demir (16) pro-
veli su istrazivanje kako bi procijenili svojstva protoka paste
kalcijeva hidroksida s jodoformom na cetirima razlicitim tem-
peraturama (4 °C, 23 °C, 39 °C i 55 °C). Uoceno je smanje-
nje protoka materijala s padom temperature paste. Chang i su-
radnici (7) takoder su testirali svojstva tecenja razli¢itih pasta
na temperaturama pocevsi od 25 °C, uklju¢ujuéi paste koje sa-
drzavaju kalcijev hidroksid, paste koje sadrzavaju kalcijev fos-
fat i paste koje sadrzavaju epoksidnu smolu. Proto¢nost paste
procijenjena je postupnim pove¢anjem temperature brzinom
od 5 °C po minuti dok nije dosegnula 200 °C. Sli¢no nalazi-
ma u ovom istrazivanju, vrijednosti protoka paste koja sadr-
zava kalcijev fosfat naglo su porasle na temperaturama iznad
100 °C, a one za pastu koja sadrzi kalcijev hidroksid porasle
su nakon 190 °C. Yamauchi i suradnici (28) testirali su paste
za punjenje korijenskih kanala koje sadrzavaju kalcijev silikat
zagrijavajuci ih na 100 °C tijekom 1 minute i usporedujudi nji-
hovu fluidnost s onom na sobnoj temperaturi. Nasi rezultati
u suprotnosti su s izvjeséem o znacajnom smanjenju fluidno-
sti pri visokim temperaturama. Cinar i Sevimay (29) proveli
su istrazivanje koje je pokazalo da su paste za punjenje koje sa-
drzavaju agregate mineralnog trioksida bile najte¢nije na sob-
noj temperaturi (25 °C) i unutarnjoj tjelesnoj temperaturi (37
°C). U istrazivanju je takoder istaknuto da se viskoznost pasta
za punjenje koje sadrze kalcijev hidroksid povecava s tempe-
raturom i da je ta skupina bila najvise pogodena pove¢anjem
temperature. U ovom istrazivanju radioopacitet paste kalcije-
va hidroksida koja sadri barijev sulfat mjeren je na razlicitim
temperaturama. Rezultati su pokazali pove¢anje radiopacite-
ta's 23 °C na 39 °C, a zatim na 55 °C. Kada su temperatur-
ne skupine procijenjene bez ikakva razlikovanja paste, najveca
radioprozirnost uo¢ena je na 55 °C. Vise temperature poveca-
vaju fluidnost paste za punjenje korijenskog kanala, $to rezul-
tira homogenijim punjenjem u postoje¢em volumenu korijen-
skog kanala zbog povec¢ane fluidnosti i smanjene viskoznosti.

Pri procjeni temperaturnih podskupina bez razlikovanja
pasta, vrijednost radiopaciteta bila je visa na 55 °C u uspo-
redbi s 23 C i 39 °C. Nadalje, uocen je visok radiopacitet u
skupini s 4 °C i pastom od barijeva sulfata i kalcijeva hidrok-
sida, kao i u skupini s 4 °C procijenjenom bez razlikovanja
pasta. Vjeruje se da pad temperature mijenja fizikalno-kemij-
ska svojstva materijala, $to rezultira povec¢anjem radiopacite-
ta. Osim toga, smatra se da bi intenzivniji radiopacitet paste
na 4 °C mogao biti posljedica strukturnog zatezanja radio-
kontaktnih komponenti na hladnodi, $to rezultira ve¢om ap-
sorpcijom X-zraka. Pasta na 4 °C, sniZavanjem temperature,
postaje viskoznija, §to otezava njezinu aplikaciju. Uz to, pro-
duzuje se vrijeme aplikacije materijala u kanal.

Pri procjeni radioopaciteta pasta za punjenje korijenskih
kanala vazno je uzeti u obzir nekoliko ¢imbenika koji mogu
utjecati na rendgensku vidljivost paste. Ti ¢imbenici ukljucu-
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physicochemical structure of the paste, the type and content
of radiopaque substance, the ratio of this substance, and the
thickness of the material used (30). Radiocontrast agents are
used to absorb X-rays and enable materials to be differenti-
ated from dental tissues on radiographs. When a material is
radiolucent, radiocontrast or radiopacifier agents are added
to its composition to enable detection by radiography (31).
Calcium hydroxide cannot be detected by radiographic im-
aging methods unless it is used with radiopaque or radiore-
sistant materials. Therefore, radiopaque substances such as
barium sulphate or iodoform are added to dental tissues to
distinguish them from materials containing calcium hydrox-
ide (32). However, drugs containing calcium hydroxide gen-
erally have a colloidal structure that does not solidify and
may affect the physicochemical properties of the calcium hy-
droxide in the carrier liquid, and consequently its radiopac-
ity properties (33). The study found a significant difference
in mean radiopacity values between the temperature sub-
groups of calcium hydroxide paste containing iodoform and
those containing barium sulphate. The same comparison was
made between canal filling pastes at the same temperatures,
with the iodoform-containing paste being more radiopaque
than the barium sulphate-containing paste at all tempera-
tures. The statement suggests that the difference in radiopac-
ity between materials is due to their structural properties,
rather than being affected by temperature. While some stud-
ies have evaluated the radiopacity of individual root canal
filling pastes, none have assessed the radiopacity of primary
root canal filling pastes from the internal volume of the ca-
nal after filling at different temperatures. Orhan et al. (33)
conducted a study comparing the radiopacities of three dif-
ferent calcium hydroxide materials using the image analysis
method. Barium sulphate added material was used in this
study. Likewise, the 1 mm thick barium sulphate-containing
material was found to be more radiopaque than other mate-
rials, including the radiopaque calcium hydroxide-contain-
ing material in the control group. Marques et al. (8) tested
two primary root canal filling pastes containing iodoform
and reported that the experimental paste containing 69.2%
iodoform was more radiopaque than the other paste, a calci-
um hydroxide material containing 40.4% iodoform. Howev-
er, the study indicates that the flowability and radiopacity of
the pastes can be affected by the difference in carrier and the
percentage of liquid component due to their physicochemical
properties. The iodoform calcium hydroxide paste is predict-
ed to have higher radiopacity than the barium sulphate cal-
cium hydroxide paste at all temperatures in this study, ow-
ing to the differences in radiocontrast agents and carriers of
the two pastes. Furthermore, it is anticipated that variations
in the radiopacity of the restorative materials used may be
attributed to differences in the quantity of radiopaque sub-
stances present.

The study found no significant differences in filling ca-
pacities between the groups at 4°C, 23°C, and 39°C. How-
ever, a significant difference was observed between the fill-
ing capacity at 55°C and the other temperatures. The total
unfilled area value at 55°C was significantly lower than at
the other temperatures, and the filling capacity was higher
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ju fizikalno-kemijsku strukturu paste, vrstu i sadrzaj rendgen-
ski neprozirne tvari, omjer te tvari i debljinu upotrijebljenog
materijala (30). Radiokontrastna sredstva koriste se za apsor-
pciju X-zraka i omoguéuju razlikovanje materijala od zubnog
tkiva na rendgenskim snimkama. Kada je materijal radiolu-
centan, u njegov se sastav dodaju radiokontrast ili sredstva za
radiopacifikaciju da bi se omogucila detekcija radiografijom
(31). Kalcijev hidroksid ne moze se otkriti radiografskim me-
todama snimanja osim ako se ne koristi s radiokontaktnim ili
radiootpornim materijalima. Stoga se zubnim tkivima dodaju
rendgenski neprozirne tvari poput barijeva sulfata ili jodofor-
ma kako bi se razlikovala od materijala koji sadrzavaju kalci-
jev hidroksid (32). No lijekovi koji sadrzavaju kalcijev hidrok-
sid opéenito imaju koloidnu strukturu koja se ne skrucuje i
moze utjecati na fizikalno-kemijska svojstva kalcijeva hidrok-
sida u teku¢ini nosacu, a posljedi¢no i na njegovu rendgensku
vidljivost (33). Takoder je otkrivena znacajna razlika u sred-
njim vrijednostima radiopaciteta izmedu temperaturnih pod-
skupina paste kalcijeva hidroksida koja sadrzi jodoform i onih
koje sadrze barijev sulfat. Ista je usporedba napravljena izme-
du pasta za punjenje kanala na jednakim temperaturama, pri
¢emu je pasta koja sadrzava jodoform bila radiokontrastnija
od one koja sadrzava barijev sulfat na svim temperaturama.
Nalaz sugerira da je razlika u radiopacitetu izmedu materija-
la posljedica njihovih strukturnih svojstava, a ne utjecaja tem-
perature. Dok su autori nekih istrazivanja procjenjivali rend-
gensku vidljivost pojedinacnih pasta za punjenje korijenskih
kanala, nitko nije procjenjivao rendgensku vidljivost pasta za
primarne ispune korijenskih kanala iz unutarnjeg volumena
kanala poslije punjenja na razli¢itim temperaturama. Orhan
i suradnici (33) proveli su istrazivanje usporedujui radiopa-
citet triju razlicitih materijala kalcijeva hidroksida koriste¢i se
metodom analize slike. U ovom istrazivanju koristen je ma-
terijal s dodatkom barijeva sulfata. Isto tako utvrdeno je da
je materijal koji sadrzi barijev sulfat debljine 1 mm radioopa-
kniji od drugih materijala, ukljucujuéi i onaj koji sadrzi kal-
cijev hidroksid u kontrolnoj skupini. Marques i suradnici (8)
testirali su dvije paste za punjenje korijenskih kanala koje su
sadrzavale jodoform i objavili da je eksperimentalna pasta ko-
ja je sadrzavala 69,2 % jodoforma radionepropusnija od dru-
ge paste, materijala od kalcijeva hidroksida koji je sadrzavao
40,4 % jodoforma. Medutim, istrazivanje pokazuje da razlika
u nosacu i postotku tekuée komponente moze utjecati na pro-
to¢nost i rendgensku vidljivost pasta zbog njihovih fizikalno-
kemijskih svojstava. Pretpostavlja se da ¢e pasta s jodoform
kalcijevim hidroksidom imati ve¢u radiografsku vidljivost od
paste s barijevim sulfatom i kalcijevim hidroksidom na svim
temperaturama u ovoj studiji, zbog razlika u radiokontras-
tnim sredstvima i nosa¢ima dviju pasta. Nadalje, o¢ekuje se
da se varijacije u rendgenskoj vidljivosti koriStenih restaura-
tivnih materijala mogu pripisati razlikama u koli¢ini prisut-
nih radionepropusnih tvari.

U istrazivanju nisu otkrivene znacajne razlike u kapa-
citetima punjenja izmedu skupina na 4 °C, 23 °C i 39° C.
No uocena je znacajna razlika izmedu kapaciteta punjenja
na 55 °C i ostalih temperatura. Vrijednost ukupne neispu-
njene povrsine na 55 °C bila je zna¢ajno niza nego na osta-
lim temperaturama, a kapacitet punjenja bio je veéi na 55 °C.
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at 55°C. Cetinkaya and Bodrumlu (24) conducted a study to
evaluate the fluidic properties of an epoxy resin containing
paste and a canal sealant with a bioceramic content at 0°C,
25°C and 140°C. The flowability increased with tempera-
ture, with the highest value observed at 140°C, which is con-
sistent with previous research. However, it has been reported
that the paste with bioceramics content is most fluid at 25°C.
Unlike this study, the fluidity of the material decreased with
increasing temperature, with the lowest fluidity value ob-
served at 140°C. Choudhary et al. (34) tested the viscosity
and adaptation rates of two different composites at tempera-
tures of 23°C, 37°C, and 54°C, which is similar to this study.
The study demonstrated that higher temperatures led to bet-
ter adaptation to tooth tissue and less void formation in the
material. However, similar to Lacey et al. (35), no significant
differences were found between the materials tested at 23°C
and 37°C. Lacey et al. (35) observed increased flowability of
restorative pastes when temperature was increased from 25°C
to 37°C for pastes containing calcium hydroxide, zinc oxide
eugenol, and epoxy resin. Heating the filling pastes increas-
es their fluidity and preheating increases the filling capacity,
as shown by the lower void value after filling with deciduous
root canal filling paste. The observed differences between the
preheated materials may be attributed to the specific paste
content. Furthermore, the lack of a significant difference in
unfilled area values between temperatures of 23°C and 39°C
may be attributed to the requirement of heating the filling
pastes to higher temperatures to achieve a noticeable increase
in internal friction and viscosity of the materials.

Conclusion

The pre-filling preheating process has been observed to
positively affect the quality and capacity of primary root ca-
nal filling pastes, particularly in groups that prefer high tem-
peratures. Heated root canal filling pastes are predicted to
provide better filling quality and capacity. It can be conclud-
ed that calcium hydroxide paste containing barium sulphate
is more sensitive to temperature changes than calcium hy-
droxide paste containing iodoform. High radiopacity val-
ues have been observed at 4°C. However, some disadvantag-
es have been observed such as difficulty in application and
prolonged application time due to increased viscosity. The
optimal temperature for achieving both the best filling ca-
pacity and obturation quality results is 55°C. This indicates
that preheating the pastes may be advantageous for hermetic
filling in the clinic practice. However, further studies are re-
quired to investigate the effects of preheating sealants used in
primary root canal treatment both 77 vitro and in vivo.
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Cetinkaya i Bodrumlu (24) proveli su istrazivanje da bi pro-
cijenili svojstvo fluidnosti pasta koje sadrze epoksidnu smo-
lu i sredstava za brtvljenje kanala sa sadrzajem biokeramike
na 0 °C, 25 °C i 140 °C. Proto¢nost se povecavala s tempe-
raturom, s najvisom vrijednoséu zabiljezenom na 140 °C, $to
je u skladu s prethodnim istrazivanjima. Medutim, objav-
lieno je da je pasta sa sadriajem biokeramike najfluidnija na
25 °C. Za razliku od ovog istrazivanja, fluidnost materijala
smanjivala se pove¢anjem temperature, s najnizom vrijedno-
$¢u fluidnosti zabiljezenom na 140 °C. Choudhary i surad-
nici (34) testirali su viskoznost i stope prilagodbe dvaju razli-
¢itih kompozita na temperaturama od 23 °C, 37 °C i 54 °C,
$to je sli¢no ovom istrazivanju. Pokazalo se da su vise tem-
perature omogudile bolju prilagodbu zubnom tkivu i manje
stvaranje Supljina u materijalu. No sli¢no kao u istrazivanju
Laceya i suradnika (35), nisu utvrdene znacajne razlike izme-
du materijala testiranih na 23 °C i 37 °C. Lacey i suradnici
(35) uoili su poveéanu fluidnost restaurativnih pasta kada se
temperatura povecala s 25 °C na 37 °C za paste koje sadrze
kalcijev hidroksid, cinkov oksid, eugenol i epoksidnu smolu.
Zagrijavanje paste za punjenje pove¢ava njihovu fluidnost, a
predgrijavanje povecava kapacitet punjenja, kao sto pokazu-
je niza vrijednost $upljina poslije punjenja pastom za punje-
nje mlije¢noga korijenskog kanala. Uocene razlike izmedu
prethodno zagrijanih materijala mogu se pripisati specific-
nom sadrzaju paste. Nadalje, nedostatak znacajne razlike u
vrijednostima neispunjene povrsine izmedu temperatura od
23°C 39 °C mote se pripisati zahtjevu za zagrijavanje paste
za punjenje na visim temperaturama da bi se postiglo vidljivo
povecanje unutarnjeg trenja i viskoznosti materijala.

Zakljuc¢ak

Uoceno je da proces predgrijavanja prije punjenja pozitiv-
no utje¢e na kvalitetu i kapacitet pasta za punjenje korijenskog
kanala, osobito u skupinama koje preferiraju visoke tempera-
ture. Pretpostavlja se da grijane paste za punjenje korijenskih
kanala osiguravaju bolju kvalitetu i kapacitet punjenja. Moze
se zakljuciti da je pasta kalcijeva hidroksida koja sadrzava ba-
rijev sulfat osjetljivija na promjene temperature od paste kalci-
jeva hidroksida koja sadrzava jodoform. Visoke vrijednosti ra-
diopaciteta primije¢ene su na 4 °C. Medutim, uoceni su neki
nedostatci kao $to su poteskoce u primjeni i produljeno vrije-
me primjene zbog povecane viskoznosti. Optimalna tempe-
ratura za postizanje najboljeg kapaciteta punjenja i rezultata
kvalitete opturacije jest 55 °C. To pokazuje da prethodno za-
grijavanje paste moze biti korisno za hermeticko punjenje u
klinickoj praksi. No potrebna su daljnja istrazivanja kako bi
se istrazili ucinci sredstava za brtvljenje predgrijavanja koja se
koriste u endodontskom lije¢enju in vitro i in vivo.

Izvor financiranja: Ne postoji nikakav financijski sporazum, ili bilo ka-
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zvodi konkurentski proizvod.
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SazZetak

Slozena anatomija korijenskih kanala mlijecnih zuba otezava njihovo lijecenje i punjenje. Materijali
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za punjenje korijenskih kanala trebali bi ispunjavati osnovne zahtjeve za hermeticko punjenje kad je

rijec o fizikalno-kemijskim svojstavima kao 3to su radiotranslucencija i viskoznost na koje moze utje-
cati toplina. Svrha rada: Zelio se istraziti utjecaj razli¢itih temperatura na kvalitetu punjenija i svoj-
stvo hermeticke opturacije pasta za punjenje korijenskih kanala mlije¢nih zuba. Materijali i metode:
Paste za punjenje korijenskih kanala koje sadrzavaju kalcijev hidroksid s barijevim sulfatom i kalci-
jev hidroksid s jodoformom zagrijavane su na ¢etirima razlicitim, temperaturama (4 °C, 23 °C, 39 °Ci
55 °C). Nakon instrumentacije 80 endodontskih blokova ispunjeno je toplinski obradenim brtvilima.
Digitalne rendgenske snimke snimljene su i analizirane. Rezultati su analizirani Tukeyjevim HSD-om,
dvosmjernom robusnom ANOVA-om i Bonferronijevim testom za visestruke usporedbe. Rezultati:
Rezultati ovog istrazivanja, vrijednosti radiopaciteta opturacije paste kalcijeva hidroksida koja sadrzi
barijev sulfat pokazale su znacajne razlike pri razli¢itim vrijednostima temperature. Pasta je na 4 °C
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pokazala znacajno veci radiopacitet (p <,001). Na 55 °C zabiljeZena je znacajno veca radiolucencija

(p < 0,001), a utvrdeno je da su vrijednosti ukupne neispunjene povrsine dobivene na 55 °C znacaj-
no nize od ostalih temperatura (p = 0,025). Zaklju¢ak: Uoceno je da je proces predgrijavanja pozitiv-
no utjecao i na kvalitetu punjenja i na kapacitet hermeticke opturacije sredstava za brtvljenje korijen-

skih kanala pri visokim temperaturama.
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