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Sazetak

Svrha: Elektrokemijskom metodom procijenilo se apikalno propustanje materijala RoekoSeal Au-
tomix (RSA) za punjenje korijenskog kanala samostalno i u kombinaciji s gutaperkom. Materija-
li i metode: Pedeset i dva prednja maksilarna zuba podijeljena su u dvije skupine. U prvoj su ko-
rijenski kanali punjeni samo RSA-om, a u drugoj gutaperkom i RSA-om (n = 24 u svakoj skupini).
Preostala cetiri zuba sluzila su kao pozitivna i negativna kontrolna skupina. Eksperimentalna je-
dinica konstruirana je tako da je bila neprekidno spojena na izvor struje. Jedanpostotni kalijev jo-
did (KI) koristen je kao elektrolit te su zubi uronjeni u otopinu. Bakrene elektrode s provodnim
kapacitetom od jednoga miliampera (mA) koristene su kao anode za zatvaranje strujnog kruga.
Rezultati su se ocitavali ukupno tri tjedna, jedanput na dan, digitalnim voltmetrom spojenim na
eksperimentalnu jedinicu. Promjene u kolicini propustanja u skupini procjenjivale su se svaki dan
t-testom za ovisne uzorke, a razlika izmedu dviju skupina analizirana je t-testom za neovisne uzor-
ke. Rezultati: Razlika u apikalnom propustanju izmedu dviju eksperimentalnih skupina nije bila
statisticki znacajna (p>0,05). U objema je zabiljeZzeno znacajno propustanje u svim vremenskim
intervalima (p<0,05). Zaklju¢ak: RoekoSeal Automix samostalno nije se razlikovao u propustanju
od gutaperke punjene njime. Takoder nije bio potpuno ucinkovit u sprje¢avanju propustanija.
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Uvod

Svtha endodontskog punjenja jest osigurati hermeticko
brtvljenje apeksa i potpuno punjenje sustava korijenskih ka-
nala (1). To se obi¢no postize kombinacijom gutaperke kao
jezgre i korijenskog cementa za punjenje kao medupunila.
Korijenskim cementima popunjavaju se male praznine iz-
medu krutog materijala za punjenje i zida korijenskog kana-
la. Ako cement ne zadovoljava potrebne uvjete, moze prou-
zroditi propustanje koje rezultira endodontskim neuspjehom
(2). Neprestance se, pa i danas, pokusavaju proizvesti bolji ce-
menti za punjenje i krute jezgre punjenja, te se nastoji pobolj-
sati tehnika punjenja kako bi endodontsko lijecenje bilo $to
uspjesnije. Tako se nedavno na trzistu pojavio cement za pu-
njenje kanala RoekoSeal Automix (RSA, Roeko, Langenau,
Njemacka) proizveden na osnovi polidimetilsiloksana. To je
silikonski elastomer koji se sastoji od polidimetilsiloksana, si-
likonskog ulja, ulja na bazi parafina, heksakloroplatinske ki-
seline (katalizator) i cirkonijeva dioksida za radioopacitet.
Prema tvrdnjama proizvodaca RSA se motze koristiti u susta-
vu automiksa, ne sadrzava eugenol, biokompatibilan je i radi-
oopakan, dobro tece, stvrdnjava se u suhom i vlaznom okruz-
ju, dobiva mehanicku retenciju zbog ekspanzije, omogucuje
reviziju i ne otapa se nakon stvrdnjavanja (3). Posljednjih je

Introduction

The purpose of endodontic filling is to provide a fluid-
tight seal at the apex and a total obturation of the root ca-
nal system (1). This is commonly achieved using a combina-
tion of gutta-percha as a core material and a root canal sealer.
Root canal sealers are used to fill the minor interstices be-
tween the solid filling material and the wall of the canal. Un-
less a root canal sealer meets the necessary requirements, it
may cause an increase in leakage which leads to endodontic
failure (2). To date, there have been lasting attempts to devel-
op better sealers, core materials and obturation techniques to
increase the success of root canal treatment. Recently, Roeko-
Seal Automix (RSA, Roeko, Langenau, Germany), which is
a polydimethylsiloxane-based sealer, has been introduced to
endodontics. RSA is a silicone elastomer, consisting essen-
tially of polydimethylsiloxane, silicone oil, paraffin base oil,
hexachloroplatinic acid (catalyst), zirconium dioxide for the
radiopacity. According to the manufacturer, RSA is ready for
use in an automix system, does not contain eugenol, bio-
compatible, radiopaque, well flowing, sets in dry and moist
conditions, provides mechanical retention through expan-
sion, allows retreatment and is insoluble when set (3). In re-
cent years, interest has been shown in testing the new devel-
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godina sve vece zanimanje za testiranje cemenata za punjenje
korijenskih kanala kao samostalnih punjenja zahvaljujudi nji-
hovim poboljsanim svojstvima (4). Koncept jednovrsnog pu-
njenja privlacan je iz nekoliko razloga, pa i zato sto je klinicki
jednostavan i brz. § druge strane ima i mnoge lose strane — ne
moze se kontrolirati radna duljina i kompaktnost punjenja te
je moguca toksi¢nost u slucaju da se prepuni. Unato¢ tomu
nastavlja se razvoj takvih materijala (5). Lee EndokFill, tako-
der cement za punjenje korijenskih kanala na temelju siliko-
na, predstavljen je i kao samostalno punilo, uz to $to se moze
kombinirati s gutaperkom (6). Kad se razmatra sli¢na osnova
za materijale, RSA takoder moze biti samostalni materijal za
punjenje korijenskog kanala (4). Osim navedenoga i njegova
netopivost podupire samostalno koristenje.

Propustanje materijala za punjenje procjenjivalo se ra-
zli¢itim metodologijama. Medu koristenima su penetracija
boje, izlazak boje, bakterijska penetracija, penetracija radio-
izotopa, tehnika bistrenja, elektrokemijska metoda, plinska
kromatografija i fluidni transport (7). Penetracija boje pri-
tom je vjerojatno jedna od najcesce koristenih tehnika jer je
jednostavna i jeftina (8). No, ima i ogranicenja poput poli-
kvantitativnih rezultata zbog visokoga stupnja varijacije (9).
Druga je elektrokemijska metoda koju su prvi opisali Jaco-
bson i von Fraunhofer, a mogla bi dati kvantitativne rezul-
tate apikalnog propustanja tijekom kontinuiranog razdoblja
(10). Ta metoda prihvacéena je kao pouzdana tehnika za pro-
cjenu propustanja (11).

Svtha ovog istrazivanja bila je procijeniti apikalno pro-
pustanje RoekoSeal Automixa kao samostalnog materijala za
punjenje tako $to se ubrizgao u kanalni prostor s pomocu
automiks-sustava te usporediti njegovu moguénost brevlje-
nja s kombinacijom RSA i gutaperke koristenjem elektroke-
mijske metode.

Materijal i postupak

Pedeset i dva zdrava ljudska prednja maksilarna zuba, ek-
strahirana iz parodontalnih ili ortodontskih razloga, pohra-
njenasu u 0,9 postotnu fiziolosku otopinu. Izvana su ociséeni
od mekih tkiva 24-satnim uranjanjem u otopinu 2,5-postot-
nog natrijeva hipoklorida (NaOCI). Svi su zubi bili tipi¢no
trepanirani. Izmjerena im je radna duljina jedan milimetar
koronarno od vrska korijena. Preparacija korijenskih kana-
la obavljena je K-flex Filesom (Dentsply Maillefer, Ballaigu-
es, Svicarska), a zatim su zubi dobro isprani 2,5-postotnim
natrijevim hipokloridom (NaOCI). Apikalno je preparacija
iznosila #40, a step back je zavrien s #60.

Punjenje korijenskih kanala
Zubi su nasumce podijeljeni u dvije skupine (u svakoj
po 24). Nakon ispiranja destiliranom vodom korijenski ka-

nali posuseni su paper pointom (Sybron Dental Specialties,
Orange, Kalifornija, SAD).

Eksperimentalne skupine

Prva skupina

Roeko Seal Automix (Roeko SAd, Monrovia, Kaliforni-
ja, SAD) ubrizgan je automiks-$trcaljkom u korijenski kanal.
Zatim su snimljeni bukolingvalni i meziodistalni radiogra-

Apikalno mikropropustanje punjenja za korijenske kanale

oped sealers as sole filling materials because of their improved
properties (4). The sole filling material concept is appealing
for several reasons such as being clinically easy to use and
fast. On the other hand, it has multiple disadvantages which
include the lack of working length control, failure in provid-
ing a compact obturation and also possible toxicity in case of
overfilling. However, it is certain that efforts to develop such
a material continues (5). Lee EndoFill which is also a silicone
based root canal sealer was introduced as a sole filling ma-
terial together with the combined usage with gutta-percha
(6). When considering the similar basis of the materials, RSA
may also have a potential to be a sole material for root canal
filling (4). In addition, insolubility of RSA supports the pos-
sibility of sole application.

Leakage of filling materials has been evaluated by vari-
ous methodologies. Dye penetration, dye extraction, bacteri-
al penetration, radioisotope penetration, clearing technique,
electrochemical method, gas chromatography, fluid transport
method are among these methodologies (7). Dye penetration
is probably the most commonly used technique for this pur-
pose because the method is simple as well as inexpensive (8).
However, it has some limitations such as the semi-quanti-
tative results and a high level of variation (9). On the other
hand, the electrochemical method which was first described
by Jacobson and von Fraunhofer could provide quantitative
measurements of apical leakage over a continuous time peri-
od (10). This method was accepted as a reliable technique to
determine the leakage (11).

The purpose of this study was to evaluate the apical leak-
age of RSA as a sole filling material by injecting into the ca-
nal space with an automix system and to compare its sealing
ability to RSA in combination with gutta-percha using an
electrochemical method.

Materials and Methods

Fifty-two sound human maxillary anterior teeth which
were extracted for periodontal or orthodontic reasons were
collected and stored in 0.9% saline solution. The teeth were
externally cleaned of soft tissue attachments by soaking for
24 hours in a 2.5% sodium hypochloride (NaOClI) solution.
Routine access cavities were prepared in all of the teeth. A
working length of I mm coronally of the root apex was es-
tablished. Canal preparation was performed by K-flex files
(Dentsply Maillefer, Ballaigues, Switzerland) using copious
irrigation with 2.5% NaOCI. The apical preparation was to
#40 and step-back preparation was up to #60.

Root Canal Filling

Teeth were randomly divided into groups of 24. After fi-
nal rinse with distilled water, root canals were dried with pa-
per points (Sybron Dental Specialties,Orange, CA).

Experimental Groups

Group 1

RSA RoekoSeal Automix (Roeko USA, Monrovia, CA)
alone was injected into the canal space with an automix sy-
ringe. Buccolingual and mesiodistal radiographs were taken
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mi za procjenu kvalitete punjenja. Procjenjivale su se gusto-
¢a punjenja i udaljenost kraja punjenja od radioloskog vrska.
Punjenja bez praznina uz stijenku kanala na jedan milimetar
od radioloskog vrska smatrala su se prihvatljivima.

Druga skupina

Korijenski kanali punjeni su tehnikom lateralne konden-
zacije master-gutaperkom #40 (Kerr, Romulus, Mihcigan,
SAD), F-akcesornom gutaperkom (Kerr, Romulus, Michi-
gan, SAD) te RSA-om. Lateralna kondenzacije nastavljana je
sve dok spreder nije prestao ulaziti u apikalnu polovicu ka-
nala. Udinjene su bukolingvalne i meziodistalne radioloske
snimke radi procjene kvalitete punjenja korijenskih kanala.

Kontrolne skupine

Dva zuba koriStena su kao pozitivna kontrolna skupina.
Njihovi korijenski kanali nisu bili napunjeni nakon instru-
mentacije i nisu bili uronjeni u vrudi tekudi vosak kako bi se
izolirali njihovi apikalni otvori.

Dva druga zuba koristena su kao negativna kontrolna
skupina. Nakon preparacije pristupnog otvora korijeni su za-
jedno s apikalnim otvorima potpuno prekriveni vru¢im te-
ku¢im voskom zbog potpune izolacije.

Procjena propustanja

Zubni korijeni u prvoj i drugoj skupini uronjeni su u
vrudi tekuéi vosak. Taj se postupak ponavljao tri puta ka-
ko bi se postigla zadovoljavajuca izolacija. Poslije je vosta-
ni sloj uklonjen skalpelom cirkumferentno jedan milimetar
od apikalnog foramena. Koronarno je gutaperka uklonjena
svrdlom Gates-Glidden (Dentsply Tulsa Dental Specialties,
Tulsa, Oklahoma, SAD) veli¢ine tri, a ostavljena su samo Ce-
tiri milimetra punjenja apikalno. Bakrene elektrode od jed-
nog miliampera (anode) uronjene su u kanale u doticaju s
preostalom gutaperkom. Svaki zub s projiciraju¢om elektro-
dom zabrtvljen je ljepljivim voskom zbog stabilnosti i izola-
cije. U pozitivnoj kontrolnoj skupini (n = 2), nakon punjenja
i postavljanja elektroda u korijenski kanal, zubi su uronjeni
u vrudi vosak, ukljucujuéi i apikalni otvor. Postupak je se po-
navljao tri puta. Negativna kontrolna skupina (n = 2) nije bi-
la punjena i korijeni nisu bili prekriveni vruéim voskom, a
elektrode su uronjene u nenapunjene korijenske kanale.

Sustav za testiranje

Sustav anodizirajuéeg uredaja sastojao se od triju kom-
ponenata: (1) neprekidnog izvora struje spojenog na digi-
talni cita¢ (0-20V DC konstantni izvor struje i Digitalni
Multimetar, Hacettepe University, Electrical Engineering
Department, Ankara, Turska), (2) krute plasti¢ne posude s
¢vrsto prianjaju¢im plasticnim poklopcem s 52 standardna
otvora za uzorke zuba i dodatne rupe za zicu od nehrdajuéeg
¢elika (katoda) te (3) spojenih Zica (slika 1.).

Uzorci zuba i katoda postavljeni su u pripremljene rupe
u poklopcu i pri¢vri¢eni ljepljivim voskom oko pet milime-
tara od vrhova korijena koji su virili s donje strane poklopca.

Leakage of RoekoSeal Automix

to evaluate the quality of the root canal fillings following the
obturation. The density of the filling and the distance be-
tween the end of the filling and the radiological apex were
benchmarks for evaluation of the quality of root canal filling.
A filling without any voids along the walls of the canal and
located between 1 mm from the radiographic apex was con-
sidered to be an acceptable filling.

Group 2

Canals were filled by using the lateral condensation tech-
nique with a #40 master cone (Kerr, Romulus, MI), fine ac-
cessory points (Kerr, Romulus, MI) and RSA. Lateral con-
densation continued until the finger spreader no longer
penetrated the apical one half.

Buccolingual and mesiodistal radiographs were taken to
evaluate the quality of the root canal fillings following the
obturation.

Control Groups

Two teeth were used as positive control group. Their root
canals were not filled after the root canal preparation and
they were not immersed to hot coating wax in liquid form to
isolate them from their apical foramina.

Two teeth were used as negative control group. Follow-
ing the access preparation, their roots and the apical fora-
mens were completely coated with the liquid form hot coat-
ing wax for full isolation.

Assessment of Leakage

The roots of the teeth in group 1 and 2 were immersed
in a hot coating wax in liquid form. This procedure was re-
peated three times to obtain a satisfactory isolation. Later,
the wax coating was removed circumferentially within Imm
from the apical foramen with a scalpel. The coronal gutta-
percha was removed using Gates-Glidden drills (Dentsply
Tulsa Dental Specialties, Tulsa, OK) of size 3 leaving only
the apical 4 mm of the root canal filling. 1 mA Cu electrodes
(anodes) were inserted into the canals in contact with the re-
maining gutta-percha. Each tooth with the projecting elec-
trode was sealed with sticky wax for stability and insulation.
In the positive control group (n=2), following the obturation
and electrode insertion into the canals, the roots of the teeth
were immersed into the hot coating wax including the apical
foramina. This procedure was repeated three times. The neg-
ative control group (n=2) were not obturated and the roots
were not coated with hot wax; the electrodes were later ap-

plied into the unfilled canals.

Model System Design

The anodizing apparatus system consisted of three com-
ponents: (1) a constant current source with a digital reader
(0-20V DC Constant Current Source and Digital Multim-
eter, Hacettepe University, Electrical Engineering Depart-
ment, Ankara, Turkey); (2) a rigid plastic cell with a tightly
fitting plastic lid which has 52 standard holes for the sam-
ple teeth and another drilled hole for the stainless steel wire
(cathode); (3) the connecting wires (Figure 1).

Sample teeth and the cathode were placed into their pre-
pared holes on the lid and attached by a sticky wax about 5
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—— P Digitalni viSemjerni uredaj ®
. . Digital multimeter
Stalni izvor struje ®
Constant current source < .
I Zice ®
—_ > . .
Connecting wires
Bakrena zica (anoda) ® < Plasticni poklopac s rupama il
Copper wire (@anode) > zubnim uzorcima i katodom e
Tightly fitting plastic lid with holes
or the sample teeth and the cathode
Ljepljivi vosak e ;
Sticky wax < > Celi¢na Zica (katoda) e
R Stainless steel wire (cathode)
Zubni uzorak ® < |
Sample tooth l |
Gutaperka < J‘_‘J
Gutta percha
0,
1% Kl Slika 1. Shematski crteZ sustava za testiranje
Figure 1 Schematic drawing of the test system

Posuda je do ruba napunjena 1-postotnim kalijevim jodidom
(KI) kao elektrolitom. Poklopac je postavljen na posudu tako
da su vrhovi korjenova uronjeni u otopinu elektrolita. Posu-
da i poklopac zabrtvljeni su ljepljivim voskom radi osigura-
vanja sustava. Pedeset i dvije elektrode spojene su na kon-
stantan izvor struje koji je stvarao anodiziraju¢u struju od
20 volta. Poslije je katoda postavljena u jedanpostotni kali-
jev jodid i strujni krug je zatvoren. Koli¢ina prolazne struje,
koja predstavlja iznos propustanja, o¢itavala se tri tjedna je-
danput na dan.

Statisti¢ka analiza

Rezultati su statisticki analizirani unutar skupina t-te-
stom za ovisne uzorke, a izmedu skupina koristen je t-test za
neovisne uzorke.

Rezultati

Pozitivna kontrolna skupina imala je trenuta¢ni protok
struje i najvee propustanje medu eksperimentalnim skupi-
nama, a kod negativne nije zapazeno nikakvo propustanje.
Razlika u propustanju izmedu tih dviju skupina nije bila
statisticki znacajna u svim mjerenim vremenskim razmaci-
ma koriStenjem t-testa za neovisne uzorke (p>0,05). S druge
strane, t-test za ovisne uzorke pokazao je da RSA statisticki
znadajno propusta od prvog do dvadesetprvog dana u svakoj
cksperimentalnoj grupi i sveukupno (p<0,05). Razlika u api-
kalnom propustanju za eksperimentalne skupine vidi se na
slici 2., a detaljni podaci nalaze se u tablici 1.

mm of their root apices projected from the underside of the
lid. The cell was fully filled with 1% KI as electrolyte. Later,
the lid was tightly placed on the cell to contact the apices and
the electrolyte solution. The cell and the lid were sealed by
sticky wax to secure the system. Fifty-two copper electrodes
(anodes) were connected to the constant current source to
deliver a constant 20 volts anodizing current. Later, the cath-
ode was placed into the 1% KI and the circuit was com-
pleted. The amount of electric current, which represents the
amount of the leakage, was read from the digital screen once
a day for 21 days.

Statistical Analysis

The results were statistically analyzed with “t-test for in-
dependent samples” between the groups and “t-test for de-
pendent samples” within the groups.

Results

The positive control group exhibited an immediate cur-
rent flow and the highest leakage among experimental
groups, whereas no leakage was seen in the negative con-
trol group. The difference of apical leakage amount between
two experimental groups was not statistically significant at
all time periods according to‘t-test for independent samples’
(p>0.05). On the other hand,t-test for dependent samples’
showed that RSA had significant leakage statistically from
day 1 to 21 in each experimental group and on the whole
(p<0.05). The differences in apical leakage for experimental
groups can be seen in Figure 2 and the detailed data are also
shown in Table 1.
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Apical microleakage (mQ™)
oW

Apikalna mikropropusnost (mQ) e

1 3 % 7 9 11 13 15 17 18 21

Vrijeme (dani) ® Time period (Days)

Leakage of RoekoSeal Automix

Vrijednost RSA e
RSA alone

Gutaperka povezana s RSA e
Gutta-percha compacted with RSA

Slika 2. Varijacija apikalnog propustanja eksperimentalnih grupa
Figure 2 Variation of apical leakage of experimental groups

Tablica 1. Srednja vrijednost apikalnog propustanja (mQ%) i standardna devijacija eksperimantalnih grupa
Table1  Mean apical leakage (mQ™) and standard deviation of the experimental groups

Vrijeme (dani) ® Vrijednost RSA ¢ RSA alone Guteperka s RSA ¢ Gutta-percha compacted with RSA
Time Period (Day) Srednja vrijednost * Mean |  Stand. devijacija® SD | Srednja vrijednost * Mean |  Stand. devijacija ® SD
1. 0.002 0.002 0.009 0.013
2. 0.007 0.003 0.14 0.242
3. 0.031 0.026 0.353 0.333
4. 0.409 0.501 0.63 0.455
5. 0.613 0.548 0.864 0.589
6. 0.719 0.711 1.452 0.757
7. 1.147 0.854 1.804 0.863
8. 1.512 1.059 1.893 1.064
9. 1.731 1.262 2.117 1.122
10. 2.056 1.481 2.333 1.179
11. 2.12 1.486 2.593 1.214
12. 2.26 1.469 2.742 1.138
13. 2.475 1.575 3.157 1.295
14. 2.78 1.502 3.22 1.313
15. 2.927 1.647 3.394 1.315
16. 3.199 1.668 3.729 1.545
17. 3.385 1.626 3.879 1.614
18. 3.712 1.515 4.143 1.644
19. 3.995 1.679 4.455 1.640
20. 4.191 1.777 4.575 1.544
21. 4.093 1.783 4.582 1.572
Rasprava Discussion

Endodontska terapija trebala bi sprijeciti reinfekciju ko-
rijenskog kanalnog sustava koja se dogada pri mikropropu-
stanju. To se moze postici savrsenim brtvljenjem materijala
za punjenje. Za procjenu propustanja koristeno je nekoliko
metoda, ali ne postoji suglasnost o tome koja bi se trebala ra-
biti za najbolju procjenu (9). U mnogim istrazivanjima u ko-
jima se proucavala korelacija izmedu razlicitih metodologija
procjene propustanja nisu nadene korelacije (12 - 14). To se
moze pripisati razli¢itim fizikalnim mehanizmima pojedinih
metodologija (15). Elektrokemijska metoda kvantificira mje-
renja s pomocu protoka elektri¢ne struje kroz dva komada

Root canal treatment should prevent reinfection of the
root canal system which occurs by microleakage. This can
be achieved by a perfect sealing of the filling material. Sev-
eral methods have been used to assess the quality of root ca-
nal filling materials. However, there is no consensus about
the methods used for leakage evaluation (9). A number of
studies which evaluated the correlation between various leak-
age methodologies found no correlation (12-14). The lack of
correlation may be related to the different physical mecha-
nisms of the methodologies (15). The electrochemical meth-
od uses quantitative measurements with the flow of an elec-
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metala u elektrolitnoj otopini (16). Difuzija iona kroz ma-
terijal za punjenje i strukturu zuba procjenjuje iznos struje
koja odrazava stupanj propustanja. Elektrokemijska metoda
pouzdan je i u¢inkovit naéin procjene propustanja materijala
za punjenje korijenskih kanala (17). Premda ta metoda obe-
¢ava u usporedbi s drugim metodama, ogranicavaju je dva
¢imbenika. Kao prvo, djelomi¢no propustanje elektrolita ne
moze se mijeriti, te zato mogu penetrirati u punoj duzini ma-
terijala za punjenje korijenskih kanala da bi se izmjerilo pro-
pustanje (18). Kao drugo, nakupljanje korozivnih produkata
s vremenom mijenja sastav materijala za punjenje i otpuste-
ne ionske komponente mogu utjecati na rezultate (19). U
istrazivanjima o propustanju moze se pratiti pad ili rast mje-
renja tijekom vremena. Na to moze utjecati nekoliko ¢imbe-
nika povezanih s materijalom za punjenje. Primjerice, sma-
njenje propustanja tijekom vremena vjerojatno je povezano s
ckspanzijom materijala za punjenje. Orstavik i suradnici izvi-
jestili su da je u etiri tjedna RoekoSeal Automix imao malu
ekspanziju od 0,2 posto (20). Wu i njegovi kolege ustanovi-
li su, pak, da RSA pokazuje minimalno propustanje tijekom
18 mjeseci (21). Istrazivanje s pomocu penetracije boje iz
2003. godine pokazalo je da RSA ima bolja svojstva brtvlje-
nja negoli Grossmanov cement (22). S druge strane, Flores i
suradnici uodili su kod RSA skupljanje od 1,33 posto (23).
Svojstvo dimenzijskih promjena i otapanje cementa takoder
mogu uzrokovati propustanje. Unato¢ tomu $to je dimenzij-
ski najstabilniji cement, RoekoSeal Automix pokazao je kon-
tinuirani rast topivosti tijekom 28 dana kao i drugi ispitani
cementi u istrazivanju u kojem se proucavala topivost odre-
denih cemenata (24). Wu i suradnici istaknuli su 2006. godi-
ne da je RoekoSeal Automix dimenzijski stabilan i sprijecio
je propustanje najmanje godinu dana. Tvrdili su takoder da
nije potreban velik omjer gutaperke/cementa ako je cement
RSA (25). U jednom istrazivanju in vitro zakljuceno je da je
RoekoSeal Automix, samostalno kao punilo, sprijecio koro-
narno propustanje bolje nego gutaperka sama ili s cementom
(4). I dalje nema dovoljno istrazivanja o samostalnoj primje-
ni RSA kao punila. Prema nasim rezultatima koristenje samo
RSA nije statisticki znacajno razlicito od kombinacije guta-
perke s RSA-om i samog RSA, kad je rije¢ o propustanju.
Obje skupine pokazivale su znacajno propustanje tijekom
promatranoga razdoblja. To moze biti povezano sa skvr¢ava-
njem (23) ili topivos¢éu RSA (24). Pretpostavlja se da labora-
torijska istraZivanja propustanja mogu dati razlicite rezultate,
ovisno o vrsti istrazivanja. To potice pitanje klinicke relevan-
tnosti procjene propustanja iz vitro. Sposobnost brtvljenja
vazno je svojstvo i taj se parametar mora i dalje primjenjivati
u procjeni novih materijala (26).

Zakljucak

Tijekom istrazivanja nije bilo razlike izmedu koristenja
samo RSA i RSA u kombinaciji s gutaperkom, kad je rije¢ o
apikalnom propustanju. Koristenje RSA na oba nacina poka-
zalo je znacajno propustanje.

Apikalno mikropropustanje punjenja za korijenske kanale

tric current through two pieces of metal which are immersed
in an electrolyte solution (16). Diffusion of ions through fill-
ing material and tooth structure provides an estimate of the
current magnitude which reflects the degree of leakage. The
electrochemical method is a reliable and effective way to eval-
uate the leakage of root canal filling materials (17). Although
this technique is promising compared with other methods,
it has two main limitations. Primarily, partial leakage of the
electrolytes cannot be measured, therefore, the electrolytes
must penetrate to the full length of the filling to measure the
leakage (18). Secondly, accumulation of corrosion products
over time or the changes in the composition of the filling
materials and the released ionic compounds may have influ-
ence on the results (19). In leakage studies, a decrease or in-
crease in measurements can be seen over time. This may oc-
cur due to a number of factors related to filling materials. For
instance, the decrease in leakage over time is probably asso-
ciated with the expansion of the filling material. Orstavik et
al. reported that Roeko-Seal had a small expansion of 0.2%
within 4 weeks (20). Wu et al. found that RSA had minimal
leakage throughout 18 months (21). In 2003, a dye pene-
tration study showed that RSA had better sealing abilities
than Grossman’s sealer (22). On the other hand, Flores et al.
demonstrated shrinkage of 1.33% for RSA (23). Apart from
the property of dimensional changes, dissolution of the seal-
er may also cause an increase in leakage. Despite being one
of the most dimensionally stable sealers, RSA showed a con-
tinuous increase in solubility over a 28 day period similarly
to the other tested sealers in a study which had compared the
solubility of certain sealers (24). In 2006, Wu et al. reported
that RSA was dimensionally stable and prevented leakage at
least for one year. They also indicated that the high ratio of
gutta-percha/sealer may not be necessary if the sealer is RSA
(25). An in vitro study concluded that RSA alone prevented
coronal leakage better than gutta-percha alone or with seal-
er (4). However, there are not enough studies related to the
application of RSA alone. According to our results, usage of
RSA alone was not statistically different from the combina-
tion of gutta-percha and RSA in terms of leakage. However,
both groups showed a significant leakage at all times. This
may be related to shrinkage (23) or solubility of RSA (24). It
is assumed that laboratory leakage studies may provide dif-
ferent results according to study designs. This also raises the
question of the clinical relevance of leakage evaluation in vit-
r0. On the other hand, the sealing ability is an important
property and this parameter should continue to be used to
evaluate new materials (26).

Conclusion

The obtained results revealed that no difference was
found between RSA in combination with gutta-percha and
RSA alone in terms of apical sealing ability. Nevertheless, the
use of both applications of RSA showed a significant leak-

age.
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Abstract

Objectives: To evaluate the apical leakage of the root canal fillings performed with RoekoSeal Au-
tomix (RSA) alone and in combined with gutta-percha electrochemically. Materials and methods:
Fifty two maxillary anterior teeth were divided into two groups. In group 1, the root canals were
filled with RSA alone and in group 2 the root canals were filled with gutta-percha and RSA (n=24
each group). The remaining 4 teeth were used for positive and negative control groups. An exper-
imental cell was constructed which was connected with a constant current source. 1% potassium
iodide (KI) solution was added to the cell as the electrolyte and the teeth were then immersed in
this solution. Copper electrodes with 1 milliampere (mA) conductance capacity were used as an-
odes to complete the circuit. The results were read daily, with a digital voltmeter connected to the
experimental cell, for a total of 21 days. The changes in amount of leakage from day to day with-
in the groups were evaluated by a “t-test for dependent samples” and the difference between
two groups was analyzed by “t-test for independent samples”. Results: The difference of apical
leakage amount between two experimental groups was not statistically significant (p>0.05). Both
groups showed significant leakage at all time periods (p<0.05). Conclusion: RSA alone was not
different in terms of leakage from gutta-percha compacted with RSA. However, RSA was not total-
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