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SUMMARY

Introduction Obturation of the root canal is the final phase of endodontic therapy and it is usually used to assess the
quality of endodontic treatment. The objective of this study was to examine the quality of apical sealing of the root
canal after application of chemically softened gutta-percha.

Material and Methods Thirty extracted single rooted and multi rooted teeth, divided into two groups according
to the material for obturation, were used in the study. After root canal instrumentation using step-back technique,
obturation was completed using chemically softened gutta-percha and AH Plus and Apexit paste. The effect of apical
sealing was assessed regarding the type of material used for the obturation. After obturation, teeth were coated with
two coats of varnish and immersed in 50% solution of silver nitrate for twelve hours, and then longitudinally cut using
diamond disc. Linear dye penetration was observed using light microscope and twenty five times magnification. The
apical leakage was calculated using the measuring scale, previously mounted on microscope lens.

Results The results showed that the average penetration of silver nitrate in single rooted teeth obturated with the AH
Plus paste was 132.8 um, while in teeth obturated with Apexit, it was 148.6 um. The difference was not statistically
significant. Apical leakage in multi rooted teeth obturated with softened gutta-percha and AH Plus paste was 117.3
pum while in teeth obturated with Apexit, it was 158.5 pm. The difference was statistically significant.

Conclusion The lowest dye penetration in the apical portion of the canal was observed in multi rooted teeth obturated
with AH Plus paste and the highest penetration of silver nitrate was in multi rooted teeth obturated with Apexit paste.

Keywords: apical obturation; chemically softened gutta-percha

INTRODUCTION

After appropriate instrumentation and disinfection, root
canal should be adequately obturated using appropriate
material and technique. Despite the existence of numer-
ous techniques and materials for root canal obturation,
none of them meets all the requirements.

Recently, a great number of methods and techniques
for root canal obturation has been developed: termoplas-
tic gutta-percha, injection method, chemically softened
gutta-percha and core carrier method [1, 2]. Although
lateral compaction technique is one of the most commonly
used techniques for root canal obturation, gutta-percha is
not always well adapted to the canal walls (especially in
irregular canals). Thus, the application of thermoplastic
gutta-percha is more appropriate in the root canal with
several irregularities [3, 4].

There are numerous methods available for evaluation
of the apical sealing quality in vitro; however, techniques
with dye solutions (silver nitrate, methylene blue, basic
fuchsine) are most commonly used. They are proven as
very accurate in assessing the quality of the root canal
apex sealing, whether used passively, in vacuum condi-
tions or centrifugation [5, 6].

The objective of the study was to test the quality of
apical sealing of root canals obturated with softened gutta-
percha and two different pastes, AH Plus and Apexit.

MATERIAL AND METHODS

The study was conducted on 30 extracted single rooted
and multi rooted teeth obtained from persons of different
gender and age. The teeth were divided into two groups.
In one group AH Plus paste (Dentsply, USA) was used for
final obturation, while in the other group the paste used for
obturation was Apexit (Ivoclar Vivadent, Liechtenstein).
The root canals were instrumented using step-back tech-
nique and copious irrigation with 2% NaOCI and 3%
H,0,. The smear layer was removed using 15% EDTA for
1 minute. The final rinse was performed with saline; the
root canals was dried and obturated.

All root canals were obturated using the paste and
gutta-percha previously softened in chloroform. A soft-
ened gutta-percha technique is based on gutta-percha
characteristic to become soft when dipped into chloro-
form, eucalyptol and other organic solvents. After drying
the root canal, the main gutta-percha point was selected,
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two to three sizes larger in the diameter than the final
apical instrument, and 2-3 mm shorter to the working
length. Using Lentulo spiral, the paste was administered
on the walls in a thin layer. The main gutta-percha point
was dipped in chloroform for about 5-10 seconds, placed
into the canal and with stronger pressure pushed in the
apical direction.

After the final obturation, the teeth were wrapped in
wet cotton wool and kept in absolute humidity for 7 days.
After this time, the roots were washed under running
water, dried, and coated with two coats of varnish in the
entire length of the root, except the area of 2 mm around
the apex. The next step was to submerge the tips of the
roots into the silver nitrate solution for 12 hours. After this
procedure, the teeth were immersed passively in a photo
developer for 2 hours. After the procedure completion, the
teeth were washed with distilled water and dried. Varnish
was mechanically removed. The teeth were then longitudi-
nally cut using diamond disc (Disco Plan-TS) from the tip
to the coronal part of the tooth, including the apical third.
Linear dye penetration in the apical part was observed by
detecting diffused color from the apical opening to the
coronal part using the light microscope. Magnification was
twenty-five times, and apical leakage was calculated using
the measuring scale, previously mounted on the lens. All
values were expressed in micrometers (pm).

RESULTS

The results obtained from single rooted teeth showed slightly
lower dye penetration in the apex of the teeth obturated
with AH Plus (132.8 um) compared to the teeth obturated
with Apexit (148.6 um). However, this difference was not
statistically significant (p>0.05). The mean value of linear
dye penetration in the apex of multi rooted teeth was also
lower in the samples obturated with AH Plus (117.3 pm)
than in the samples obturated with Apexit (158.5 um). The
difference was statistically significant (p<0.05).

Comparative analysis of the results in both groups of
samples showed no statistically significant difference in
dye penetration in single rooted teeth obturated with AH
Plus or Apexit, but this difference was statistically signif-
icant in multi rooted teeth (Figures 1 and 2).

DISCUSSION

A lot of methods have been used in order to assess the
quality of apical sealing after root canal obturation in
vitro. One of most commonly used methods is dye pene-
tration providing good visualization and precise infor-
mation about the quality of obturation. This method has
its disadvantages (small molecules in solution), but it can
be considered as valid if the experimental conditions are
standardized, and paste in the root canal has the thick-
ness as small as possible [7].

A method of root canal obturation by chemically soft-
ened gutta-percha with two different pastes AH Plus and
Apexit was assessed in the study. This technique is based

%
Wir G - . gy
A .
hallt S L Iee—
.
- iy
I e N g g ke

Figure 1. Dye penetration in teeth obturated using AH Plus and gu-
tta-percha softened in chloroform

Slika 1. Linearni prodor boje kod zuba opturisanog pastom AH Plus
i gutaperkom razmeksanom u hloroformu

Figure 2. Dye penetration in teeth obturated using Apexit and gutta-
percha softened in chloroform

Slika 2. Linearni prodor boje kod zuba opturisanog pastom Apexit i
gutaperkom razmeksanom u hloroformu



on an important feature of gutta-percha that it becomes
soft when dipped in chloroform, eucalyptol and other
organic solvents. When used as softened, gutta-percha
provides three-dimensional obturation of the root canal.
For this technique, a root canal should be instrumented to
have a continuous conical preparation or preparation with
the apical matrix. The main gutta-percha point should be
two or three sizes larger in diameter than the final apical
instrument. After the application of paste on the walls of
the root canal, gutta-percha, previously softened in chlo-
roform is applied in the root canal and pushed toward
the apex.

Apexit contains calcium hydroxide, and often is used
as material for final obturation. However, in addition to
inadequate apical sealing and apical microleakage, mate-
rials based on calcium-hydroxide have low adhesiveness,
dimensionally are not stable, and show sensitivity to mois-
ture [8], eventually being dissolved in the root canal. By
this fact, a great number of researchers explained poor
sealing ability of Apexit [9, 10, 11], as also confirmed in
the current study where Apexit showed greater apical leak-
age than AH Plus. The main problem of the pastes based
on calcium hydroxide is that they are absorbed after some
time, leaving empty space in the apex [11].

The results of various studies found greater apical leak-
age in single rooted as well as in multi rooted teeth when
Apexit was used as compared to AH Plus. The reason is the
instability of the preparations based on calcium hydroxide,
which are unbalanced and highly soluble. AH Plus paste
has a good adhesion and makes a good connection between
canal walls and gutta-percha points. Moreover, AH Plus
possesses a distinct fluidity and act as lubricant, which
helps it to achieve ,,stickiness” on dentin walls [12, 13].

Maden et al. [14] compared the method of lateral gutta-
percha compaction, obturation using laser and softened
gutta-percha technique and got similar results as the
current study. They believe that apical leakage in lateral
gutta-percha compaction technique is lower than in soft
gutta-percha technique. According to their research,
gutta-percha contraction contributes to increased apical
permeability.

Beer and Gangler suggest that quality parameter of
hermetic obturation when gutta-percha compaction
method is tested should be related to the percentage of
gutta-percha mass relatively to the surface of the entire
canal [15]. Because of great expansion and contraction of
gutta-percha, often is recommended to warm and soften
gutta-percha, however, changes in volume after cooling
can lead to micro cracks.

Torabinejad et al. examined the quality of obturation
using lateral gutta-percha compaction technique, warm
vertical compaction and gutta-percha softened in chloro-
form. On longitudinal sections the adaptation of filling to
the surrounding walls was examined. Empty micro spaces
were noted in lateral and warm vertical compaction tech-
nique. Obturation quality in the apical third of the canal
was similar in both tested techniques while in the middle
part of the root canal, vertical compaction showed better
results [15, 16].
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Pommel et al. [17] found that the assessment of obtura-
tion using cold, warm or soften gutta-percha, depends on
used technique, dye penetration, fluid filtration or electro-
chemical method. However, it was noticed that contrac-
tion of warm and softened gutta-percha affects the qual-
ity of obturation, as confirmed in single rooted and multi
rooted teeth by using soften gutta-percha technique.

Thermoplastic techniques are more sensitive to work
conditions than techniques that use cold gutta-percha
[18, 19, 20]. If thermoplasticised material is quickly and
deeply injected, sealing ability is good, but the canals are
often overfilled. If gutta-percha is injected slowly and not
enough deep, obturation fails [21]. Thus, different speed
and/or different cooling can affect the results of sealing
quality by thermoplastic gutta-percha 3, 22].

Scanning-electron microscopy analysis of the soften
gutta-percha and lateral compaction technique showed
better adaptation of the filling in soften gutta-percha
method as compared to lateral compaction [23].

CONCLUSION

Based on these results it can be concluded that the lowest
dye penetration in the apical part of root canals obtu-
rated with chemically softened gutta-percha was in multi
rooted teeth using AH Plus paste, while the greatest dye
penetration occurred in multi rooted teeth when Apexit
paste was used.
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KRATAK SADRZA]

Uvod Opturacija kanala korena zuba je zavrina faza endodontske intervencije, prema kojoj se najé¢esce procenjuje kvalitet endo-
dontskog lecenja. Cilj ovog rada je bio da se proveri kvalitet apeksne opturacije kanala korena zuba nakon primene hemijski raz-
meksane gutaperke.

Materijal i metode rada U ispitivanju je kori$¢eno 30 ekstrahovanih jednokorenih i visekorenih zuba, svrstanih u dve grupe pre-
ma materijalu primenjenom za opturaciju. Nakon preparacije svih kanala tehnikom step-back, opturacija je uradena metodom
hemijski razmeksane gutaperke i primenom pasti AH plus i Apexit. Efekat apeksnog zaptivanja proveravan je u funkciji vrste ma-
terijala za opturaciju. Zubi su nakon opturacije premazani sa dva sloja laka i potopljeni u pedesetoprocentni rastvor srebro-nitra-
ta tokom dvanaest sati, a potom uzduzno preseceni dijamantskim diskom. Oc¢itavanje linearnog prodora boje vrseno je svetlo-
snim mikroskopom pri uvecanju od 25 puta, a apeksna propustljivost je izra¢unata pomoc¢u merne skale koja je prethodno mon-
tirana na objektiv mikroskopa.

Rezultati Srednja vrednost prose¢nog prodora boje rastvora srebro-nitrata kod jednokorenih zuba punjenih pastom AH plus bi-
la je 132,8 um, a kod zuba punjenih pastom Apexit 148,6 um. Razlika nije bila statisti¢ki znacajna. Kod visekorenih zuba opturisa-
nih hemijski razmeksanom gutaperkom i pastom AH plus prosecan linearni prodor boje bio je 117,3 pm, a kod zuba punjenih pa-
stom Apexit 158,5 pm. Ova razlika bila je statisticki znacajna.

Zakljuc¢ak Najmaniji linearni prodor boje u apeksnom delu kanala uocen je kod visekorenih zuba opturisanih pastom AH plus, a
najvedi kod visekorenih zuba ispunjenih pastom Apexit.

Klju¢ne reci: apeksna opturacija; hemijski razmeksana gutaperka

UuvoD

Nakon uobicajene instrumentacije i dezinfekcije, kanal korena
zuba je potrebno ispuniti odgovaraju¢im materijalom. I pored
postojanja brojnih tehnika za opturaciju kanala korena zuba, ni-
jedna od njih ne ispunjava zahteve ovako slozene intervencije.

Poslednjih godina razvijeno je mnogo metoda i tehnika s ter-
moplastiénom gutaperkom, ukljucujuci i metodu ubrizgavanja,
tehniku opturacije s hemijski razmeksanom gutaperkom, od-
nosno metodu sa gutaperkom na nosacu [1, 2]. Iako je tehnika
lateralne kompakcije jedna od najcesce koris¢enih za punjenje
kanala korena zuba, gutaperka se ovde ne adaptira dobro na zi-
dove kanala (posebno kod nepravilnih kanala), pa je primena
termoplasti¢ne gutaperke pogodnija, narocito ako postoje ne-
pravilnosti u kanalnom sistemu zuba [3, 4].

Postoje razne metode za proveru kvaliteta apeksnog zaptiva-
nja u studijama in vitro, ali se ipak najcesce koriste tehnike sa
bojenim rastvorima (srebro-nitrat, metilen-plavilo, bazni fuk-
sin). One su se pokazale vrlo preciznim u proceni kvaliteta zap-
tivanja apeksa kanala korena zuba, bilo da su primenjene pasiv-
no, u uslovima vakuuma, ili centrifugiranjem [5, 6].

Cilj ovog rada je bio da se proveri kvalitet apeksnog zaptiva-
nja kanala korena zuba tehnikom hemijski razmeksane gutaper-
ke i primenom dve razlicite paste, AH plus i Apexit.

MATERIJAL | METODE RADA

Ispitivanje je vr$eno na 30 ekstrahovanih jednokorenih i vise-
korenih zuba osoba razlicitog pola i starosti. Zubi su svrstani u
dve grupe, gde je u prvoj kao materijal za konacnu opturaciju
zuba kori$¢ena pasta AH plus (Dentsply, USA), a u drugoj pasta
Apexit (Ivoclar Vivadent, Liechtenstein). Kanali su obradivani

tehnikom step-back, uz obilnu irigaciju dvoprocentnim NaOCl
i troprocentnim H,0,, i uklanjanjem razmaznog sloja petnae-
stoprocentnim rastvorom EDTA u trajanju od jednog minuta.
Ispiranje je zavrieno fizioloskim rastvorom, a potom je kanal
osuden i kona¢no opturisan.

Kod svih kanala kona¢na opturacija je uradena pastom i
gutaperka-koci¢em koji je prethodno razmeksan u hlorofor-
mu. Tehnika razmeksavanja gutaperke umakanjem zasnovana
je na osobini gutaperke da postaje meksa kada dode u dodir sa
hloroformom, eukaliptolom i drugim organskim rastvara¢ima.
Posle susenja kanala korena odabran je glavni gutaperka-poen
koji je od dve do tri veli¢ine veceg pre¢nika nego zavr$ni apek-
sni instrument i 2-3 mm kra¢i od radne duzine. Potom je po-
moc¢u lentulo spirale nanesena pasta na zidove kanala korena
u tankom sloju. Glavni gutaperka-poen je prvo umocen u hlo-
roform 5-10 sekundi, a potom u kanal, gde je ja¢im pritiskom
potiskivan u apeksnom smeru.

Posle konac¢ne opturacije zubi su ostavljeni u bocice u uslo-
vima apsolutne vlaznosti, umotani u vlaznu vatu, tokom se-
dam dana. Po isteku ovog perioda, povr$ine korenova su ispra-
ne pod mlazom vode i osusene, a potom premazane lakom u
dva sloja celom duzinom korena, osim povr$ine od 2 mm oko
apeksnog dela korena. U sledecoj fazi vrhovi korenova su poto-
pljeni u rastvor srebro-nitrata u trajanju od 12 sati. Nakon ove
procedure zubi su pasivno potapani u fotorazvija¢, gde su drza-
ni dva sata. Posle kompletne procedure bojenja i potapanja, is-
prani su destilovanom vodom, zatim posuseni, a nakon toga se
pristupilo mehani¢kom uklanjanju laka. Posle uklanjanja laka
zubi su uzduzno preseceni dijamantskim diskom (Disco Plan-
TS) od vrha korena, obuhvatajuci apeksnu tre¢inu. Ocitavanje
linearnog prodora boje u apeksnom delu vrSeno je na osnovu
uocene difundovane boje od apeksnog otvora prema koronar-
nom delu pomocu svetlosnog mikroskopa pri uveli¢anju od 25
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puta. Apeksna propustljivost je izra¢unata pomo¢u merne ska-
le koja je prethodno montirana na objektiv. Sve dobijene vred-
nosti predstavljene su u mikrometrima (pm).

REZULTATI

U uzorku jednokorenih zuba uocen je nesto manji linearni pro-
dor boje u apeksu zuba opturisanih pastom AH plus (132,8 um)
u odnosu na zube opturisane pastom Apexit (148,6 um). Raz-
lika nije bila statisticki znacajna (p>0,05). Srednja vrednost li-
nearnog prodora boje u apeksu kod visekorenih zuba takode
je bila manja kod uzoraka opturisanih pastom AH plus (117,3
pm), nego kod zuba punjenih pastom Apexit (158,5 um). Ova
razlika bila je statisticki znacajna (p<0,05).

Uporedna analiza dobijenih rezultata kod obe grupe uzora-
ka pokazala je da ne postoji statisticki znacajna razlika u line-
arnom prodoru boje izmedu pasti AH plus i Apexit kod jedno-
korenih zuba, ali da je ova razlika statisticki znacajna kod vise-
korenih zuba (Slike 11 2).

DISKUSIJA

Za procenu kvaliteta apeksnog zaptivanja kanala korena nakon
opturacije zuba u uslovima in vitro primenjuju se mnoge me-
tode. Jedna od najcesce koristenih je metoda bojenog rastvora,
koja obezbeduje dobru vizuelizaciju i daje precizne podatke o
kvalitetu opturacije. Ova metoda, medutim, ima i nedostatke
(mali molekuli rastvora), ali se moze smatrati dovoljno valid-
nom ukoliko su eksperimentalni uslovi standardizovani, a de-
bljina paste u kanalu $to manja [7].

U ovom istrazivanju analizirana je metoda hemijski razmek-
$ane gutaperke u hloroformu primenom dve paste - AH plus
i Apexit. Ova tehnika je zasnovana na vaznoj osobini da guta-
perka postaje meksa kada se potopi u hloroform, eukaliptol i
druge organske rastvarace. Kada se omeksa i ubaci u kanal, ona
obezbeduje trodimenzionalnu opturaciju kanala korena zuba.
Za ovu tehniku kanal treba pripremiti tako da ima neprekid-
nu konusnu preparaciju ili preparaciju s apeksnom matricom.
Glavni gutaperka-poen treba da je dve-tri velic¢ine veci u pre¢-
niku nego zavrsni apeksni instrument. Nakon nanosenja paste
na zidove kanala unosi se gutaperka koja je prethodno razmek-
$ana u hloroformu i potom nabija¢ima potiskuje prema apeksu.

Apeksit je preparat kalcijum-hidroksida i ¢esto se upotre-
bljava kao materijal za kona¢nu opturaciju zuba. Medutim, po-
red neodgovarajuceg apeksnog zaptivanja i velike apeksne pro-
pustljivosti, ovi materijali imaju slabu adhezivnost, dimenzio-
nalno su nestabilni, veoma su osetljivi na vlagu i vremenom
se rastvaraju u kanalnom sistemu [8]. Veliki broj istrazivaca
ovim ¢injenicama objasnjava slabu zaptivnu mo¢ paste Apexit
[9, 10, 11], $to se potvrdilo i u ovom istrazivanju, gde je Ape-
xit pokazao ve¢u apeksnu propustljivost u odnosu na pastu AH
plus. Osnovni problem pasti na bazi kalcijum-hidroksida jeste
to $to se nakon nekog vremena resorbuju i ostavljaju slobodan
prostor u apeksu [11].

Rezultati naseg istrazivanja su pokazali ve¢u apeksnu propu-
stljivost i kod jednokorenih i kod viSekorenih zuba paste Ape-
xit nego AH plus. Razlog za to je $to su preparati kalcijum-hi-
droksida dimenzionalno nestabilni i rastvorljivi. Pasta AH plus

poseduje dobru adhezivnost i ostvaruje dobru vezu izmedu zi-
dova kanala i gutaperka-poena. Takode, ona ima osobine izra-
zite fluidnosti i lubrikantnosti, kojima se postize efekat ,,leplji-
vosti” za zidove kanala korena zuba [12, 13].

Maden (Maden) i saradnici [14] su u svom istrazivanju upo-
redivali tehniku lateralne kompakcije, opturaciju laserom i teh-
niku razmeksane gutaperke, i dobili sli¢ne rezultate kao u ovom
istrazivanju. Oni smatraju da je apeksno curenje u uzorku zuba
kod kojih je primenjena tehnika lateralne kompakcije manje u
odnosu na zube kod kojih je kori§¢ena razmeksana gutaperka.
Kontrakcija gutaperke je, prema njihovim zapazanjima, dopri-
nela povec¢anoj apeksnoj propustljivosti.

Ber (Beer) i Gangler (Gangler) smatraju da kod ispitivanja
kompakcionih metoda opturacije parametar kvaliteta herme-
ti¢nosti treba traziti u procentualnoj zastupljenosti gutaper-
ka mase u odnosu na povrsinu celokupnog ispunjenog kanala
[15]. Zbog izrazite ekspanzije i kontrakcije gutaperke, Cesto se
preporucuju zagrevanje i razmeksavanje gutaperke, jer prome-
na volumena materijala nakon hladenja moze dovesti do poja-
ve mikropukotine.

Torabinedzad (Torabinejad) i saradnici su ispitivali kvalitet
opturacije kanala lateralnom kompakcijom, vertikalnom vru-
¢om i hloroperka tehnikom na uzduznim presecima. Posma-
trana je adaptacija ispuna prema okolnim zidovima. Primece-
ni su Cesti slobodni mikroprostori u kanalu korena ispunjenih
vertikalnom i lateralnom kompakcionom tehnikom. Ispuni do-
bijeni lateralnom i vertikalnom kompakcijom gutaperke su po
kvalitetu bili u apeksnoj tre¢ini sli¢ni, dok se u srednjoj trecini
vertikalna kompakcija pokazala kvalitetnijom [15, 16].

Pomel (Pommel) i saradnici [17] su otkrili da punjenje hlad-
nom, toplom ili termoplasticnom gutaperkom drugacije zapti-
va, u zavisnosti od toga da li se primenjuje metoda penetracije
boje, metoda filtracije te¢nosti ili elektrohemijska metoda. Me-
dutim, uoceno je da se zagrejana i razmeks$ana gutaperka sku-
plja, $to utice na kvalitet opturacije kanala, $to je potvrdeno i
kod jednokorenih i kod viSekorenih zuba nakon primene teh-
nike hemijski razmeksane gutaperke.

Termoplasti¢ne tehnike su osetljivije pri radu u odnosu na
tehnike gde se primenjuje nezagrejana gutaperka [18, 19, 20].
Ukoliko se termoplasti¢ni materijal ubrizga brzo i duboko, spo-
sobnost zaptivanja je dobra, ali kanali su Cesto prepunjeni; ako
se materijal ubrizga srazmerno sporo i nedovoljno duboko, is-
pun kanala korena zuba propusta [21]. To upozorava na Cinje-
nicu da razli¢ita brzina, odnosno drugacije hladenje mogu uti-
cati na razli¢ite rezultate kvaliteta zaptivanja termoplasti¢ne
gutaperke [3, 22].

Skening-elektronskom mikroskopijom je analizirana teh-
nika razmeksane gutaperke i tehnika lateralne kompakcije, pri
¢emu je uocena bolja adaptacija punjena kod tehnike razmek-
$ane gutaperke [23].

ZAKLJUCAK

Na osnovu rezultata istrazivanja moze se zakljuciti da je najma-
nji linearni prodor boje u apeksnom delu kanala korena zuba
opturisanih tehnikom hemijski razmeksane gutaperke bio kod
viSekorenih zuba kod kojih je primenjena pasta AH plus, dok
je najvedi linearni prodor boje uocen kod visekorenih zuba za
Cije zaptivanje je koriS¢ena pasta Apexit.



