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Abstract
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Objectives: The aim of this study was to evaluate the retreatment duration and efficacy of eucalyp-
tol and tea tree oil in engine driven and manual retreatment of epoxy resin based endodontic filling
in extracted human teeth. Material and methods: Sixty human single rooted teeth were randomly di-
vided into two groups. The first group was prepared using hand files, and the second one using Re-
ciproc system. Root canals were filled with gutta-percha points and AH Plus sealer. Retreatment was
performed using K-reamers and Hedstrém files for the first group, and Reciproc instruments for the
second group. Each group was divided into two subgroups (n=15) according to the retreatment sol-
vent used (eucalyptol or tea tree oil). Root canals were longitudinaly split and analized with stereo-
microscope (15x magnification). The surface of the remaining filling material was measured using an
image processing software. Results: There were no statistically significant differences in the area of
residual filling material among used solvents, nor in applied technique. Retreatment with Reciproc
instruments was significantly faster compared to retreatment using hand files. The manual retreat-
ment technique was faster when tea tree essential oil was used as a solvent compared to eucalyptol.
Conclusions: Australian tea tree oil and eucalyptus oil were equally effective in removing endodon-
tic filling material, but none of canals were completely free of the residual filling material. Retreat-
ment with Reciproc instruments was faster compared to retreatment using hand files. The manual re-
treatment technique is faster when tea tree essential oil is used as a solvent compared to eucalyptol.
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Introduction

Endodontic retreatment is indicated in cases of unsuc-
cessful primary endodontic treatment (1, 2). The main goal
of retreatment is to establish conditions that will enable heal-
ing of the periapical process. This includes the removal of in-
adequate filling, cleaning of root canals and making a new
filling and the restoration that will disable marginal leakage
into the endodontic space from the oral cavity, the periapi-
cal and periradicular area. An adequate threedimensional and
void-free filling inactivates all irritants in root canal that were
not removed during cleaning, which prevents their surviv-
al and harmful effects. Root canals are usually filled with a
combination of gutta-percha points and a sealer (1-3) Gutta-
percha is the main material that fills the most of the root ca-
nal space, whereas the sealer flows to areas that are not reg-
ular and are hard-to-reach for mechanical instrumentation.
The importance of sealers is significant. Sealers are neccesary
for formation of a leakproof barrier between the gutta-per-
cha and the walls of root canal (4). Retreatment of this type

Uvod

Revizija endodontskoga punjenja indicirana je u sluca-
ju neuspje$noga primarnog endodontskoga lijecenja (1, 2).
Glavna svrha revizije je uspostava uvjeta koji ¢e omoguciti
cijeljenje periapikalnoga procesa. To podrazumijeva uklanja-
nje neadekvatnoga punjenja, ¢is¢enje korijenskih kanala i no-
vo punjenje te restauraciju koja ¢e zabrtviti putove rubnoga
propustanja u endodontski prostor iz usne Supljine, periapi-
kalnoga i periradikularnoga podrudja. Pravilnim trodimen-
zionalnim i kompaktnim punjenjem brtve se i svi podra-
zajni ¢imbenici koji nisu uklonjeni tijekom ¢iséenja unutar
korijenskih kanala, $to onemogucuje njihov opstanak i Stet-
no djelovanje. Korijenski kanali naj¢es¢e se pune kombinaci-
jom S$tapica gutaperke i cementa (1 — 3). Gutaperka je glav-
ni materijal kojim se ispunjava ve¢ina prostora korijenskoga
kanala, a punilo ulazi u nepravilna podruéja tesko dostupna
mehanickoj instrumentaciji. Vaznost cementa je velika. Ce-
menti su nuzni za stvaranje nepropusne barijere izmedu gu-
taperke i zidova korijenskoga kanala (4). Revizija te vrste pu-
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of filling can be performed with or without solvents; using
hand stainless steel instruments; by engine-driven, recipro-
cating and rotating techniques using Ni-Ti instruments; us-
ing an ultrasound and laser or devices that release heat and
soften the gutta-percha (1-3).

The introduction of nickel-titanjum (Ni-Ti) engine-
driven instruments in endodontics made mechanical prep-
aration of root canals easy and predictable. Improved sim-
plicity is a consequence of reduced number of instruments
that shortened the root canal treatment duration. Moreover,
Ni-Ti engine-driven instruments improved the shaping and
cleaning ability of the root canal during clinical procedures
(5,06).

In 2011, the reciprocating instrumentation system, Re-
ciproc (VDW, Munich, Germany) was introduced into clin-
ical practice. It requires an engine-driven device (VDW Sil-
ver or Gold Reciproc, VDW Gmbh, Munich, Germany)
and three different files: R25 (red, 25/0.08), R40 (black,
40/0.06), R50 (yellow, 50/0.05). Since rotary techniques are
longer in use than reciprocating ones, numerous studies have
evaluated their effectiveness and compared them with other
techniques (7-10). Many studies have stated that rotary tech-
niques are more efficient than hand techniques (7, 8), while
others (9, 10), didnt find any signifficant differences between
these two techniques.

When the reciprocating root canal instrumentation and
retreatment techniques appeared, numerous studies have
evaluated their effectiveness and compared it with other tech-
niques (11-14). Most of them reported the superiority of the
reciprocating technique over others (11, 13). There are stud-
ies that didn't find significant differences between reciprocat-
ing and other (usually engine-driven) techniques (12, 14).

A number of studies have shown that, regardless of the re-
treatment technique (whether hand or engine-driven), with
or without the use of a solvent, it is not possible to complete-
ly remove the filling material from root canals (11, 14, 15).
Therefore, according to some authors (16-20), the use of sol-
vents is definitely recommended because they are necessary
for dissolving filling material from hard-to-reach anatomical
ramifications and dentinal tubules. During solvent-free re-
treatment, there is a risk of various mechanical damage to the
original endodontic space due to excessive friction between
the canal walls and the cutting edges of the instruments,
which releases heat high sufficiently to soften the gutta-per-
cha, which is then further pushed into the canal space (21).

For many years chloroform has been used as root canal re-
treatment solvent (16-18). However, since in 1976, the U.S.
Food and Drug Administration banned chloroform because
of potential carcinogenicity and cytotoxicity (22), eucalyp-
tus essential oil became often used alternative solvent which,
in addition to biocompatibility and relatively successful and
rapid dissolution of root canal filling, also has antibacterial,
antifungal and antiviral effect (17, 23, 24). Apart from euca-
lyptol, other essential oils, such as orange oil, pine needle oil,
white pine and tea tree oils (Australian tea tree - melalleuca
alternifolia) have also been researched (18). Tea tree oil is also
a successful solvent for gutta-percha since it has antibacterial,
antifungal, antiviral and anti-inflammatory effects (25, 26).

Otapala za reviziju korijenskih kanala

njenja moze se provoditi s otapalom ili bez otapala, ru¢nim
instrumentima od nehrdajucega ¢elika, strojno, recipro¢nim
i rotiraju¢im tehnikama s pomocu nikal-titanijevih (Ni-Ti)
instrumenata te ultrazvucno i laserom, uredajima koji oslo-
badanjem topline razmeksavaju gutaperku (1 - 3).

Uvodenje Ni-Ti strojnih instrumenata u endodonciju
ucinilo je mehani¢ku preparaciju korijenskih kanala laganom
i predvidivom. Poboljsana je jednostavnost zbog smanjeno-
ga broja instrumenata, $to je skratilo trajanje revizije. Nada-
lie, Ni-Ti strojnim instrumentima poboljsala se moguénost
oblikovanja i ¢i$¢enja korijenskoga kanala u klinickoj prak-
si (5, 6).

Godine 2011. u klini¢ku praksu uvedena je recipro¢na
tehnika instrumentacije Reciproc (VDW, Miinchen, Nje-
macka). Pritom se upotrebljavaju tri instrumenta — R25 (cr-
veni, 25/0,08), R40 (crni 40/0,06), R50 (Zuti, 50/0,05) i
pripadaju¢i motor (VDW Silver ili Gold Reciproc, VDW
Gmbh, Miinchen, Njemacka). Budu¢i da su rotacijske teh-
nike dulje u uporabi od reciprocnih, o njihovoj u¢inkovitosti
i usporedivanju s ostalim tehnikama radena su mnogobroj-
na istrazivanja (7 — 10). Autori mnogih isticu da su rotacijske
tehnike u¢inkovitije u usporedbi s ru¢nima (7, 8), a u nekim
istrazivanjima (9, 10) nije pronadena znacajna razlika izme-
du tih dviju tehnika.

Nakon uvodenja recipro¢ne tehnike instrumentacije i re-
vizije korijenskih kanala, u mnogobrojnim istrazivanjima is-
pitivana je njezina udinkovitost te je usporedena s u¢inko-
vitos¢u ostalih tehnika (11 — 14). U veéini njih navodi se
superiornost recipro¢ne tehnike u odnosu prema ostalima
(11, 13). Ima i istrazivanja u kojima nisu pronadene znacajne
razlike izmedu recipro¢ne tehnike i ostalih, ponajprije onih
strojnih (12, 14).

Autori mnogobrojnih istrazivanja pokazali su da, bez ob-
zira na tehniku revizije (rucna ili strojna), s uporabom ota-
pala ili bez njih, nije moguée potpuno ukloniti materijal za
punjenje iz korijenskih kanala (11, 14, 15). Zato se prema
misljenju nekih autora (16 — 20) svakako treba preporuciti
uporaba otapala jer su prijeko potrebna za otapanje materi-
jala za punjenje iz tesko dostupnih anatomskih ramifikacija i
dentinskih tubulusa. Pri reviziji bez primjene otapala, posto-
ji i opasnost od raznih mehanickih oste¢enja izvornoga endo-
dontskoga prostora zbog prevelikoga trenja izmedu stijenki
kanala i reznih bridova instrumenata kada se oslobada topli-
na dostatna za omeksavanje gutaperke koja se tada dodatno
potiskuje u kanalni sustav tretiranoga zuba (21).

Godinama se pri reviziji endodontskoga punjenja ra-
bio kloroform (16 — 18). No kako je 1976. godine odred-
bom Agencije za hranu i lijckove Sjedinjenih Americkih Dr-
zava (USFDA) zabranjena njegova uporaba zbog potencijalne
kancerogenosti i citotoksi¢nosti (22), kao alternativno otapalo
Cesto se koristi eteri¢no ulje eukaliptusa koje, uz biokompati-
bilnost i razmjerno uspjesno i brzo otapanje punjenja iz kori-
jenskih kanala, djeluje i antibakeerijski, antifungalno i antivi-
rusno (17, 23, 24). Uz eukaliptol, istrazena su i druga eteri¢na
ulja — ulje narance, iglicastog bora, bijeloga bora i ¢ajevca (au-
stralsko ¢ajno drvo — Melalleuca alternifolia) (18). Ulje cajevca
takoder je uspjesno otapalo gutaperke, a pritom ima antibakte-
rijski, antifungalni, antivirusni i protuupalni u¢inak (25, 26).
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The purpose of this study was to compare the efficacy and
time required for dissolving gutta-percha and AH Plus sealer
from root canals between eucalyptus essential oil (Eucalyptus
globulus) and Australian tea tree oil (Melaleuca alternifolia)
in manual (K-reamers and Hedstrom files) and the machine
(Reciproc) retreatment technique.

The first null hypothesis of the study was that there is no
significant difference in efficacy of dissolving root filling us-
ing eucalyptus essential oil and Australian tea tree oil in man-
ual and machine retreatment technique.

The second null hypothesis of the study was that there is
no significant difference in time required for dissolving root
filling using eucalyptus essential oil and Australian tea tree oil
in manual and machine technique.

Material and methods

Sample selection

The Ethics Committee of the Faculty of Dentistry, Uni-
versity of Zagreb approved the research (05-PA-26-3/2018).

This study was carried out on permanent maxillary and
mandibular human teeth with fully developed roots without
signs of tooth decay, external resorption and previous end-
odontic treatment. The teeth were extracted because of peri-
odontal, orthodontic and other health reasons at the Depart-
ment of Oral Surgery, School of Dental Medicine, University
of Zagreb. After extraction, the teeth were rinsed under run-
ning water, cleaned of soft tissue deposits and stored in 0.5%
chloramine. Specimens were sterilized in an autoclave.

The access cavities were made on the occlusal side of the
lateral, and the oral side of anterior teeth, using a fissure di-
amond drill No. 016 (Komet, Rock Hill, SC, USA) mount-
ed on a turbine, under water cooling. The roof of the pulp
chambers was removed with a round carbide drill #3. The
pulp was removed with a pulp extirpation instrument, and
the root canal lengths were measured by inserting a K-file
#10 or #15 (Maillefer, Ballaigues, Switzerland) to the apical
orifice after which the instrument was retracted for one mil-
limeter. The average root canal length was 14 mm. Accord-
ing to the instrumentation technique, 60 root canals were
divided into two groups (n = 30). Sample size was chosen
according to comparable research in the available literature.
Test samples were randomly assigned to test groups by using
a chance procedure. Single operator was performing sample
preparation and measurements.

Root canal preparation and filling

Group |

The first group was prepared using hand files; K-reamers,
K-files and H-files (Maillefer, Ballaigues, Switzerland), api-
cally up to ISO #40 (MAF) and coronally up to ISO #80, us-
ing the “step-back” technique. Between each instrument, the
root canals were rinsed with 1 ml of 2.5% sodium hypochlo-
rite (NaOCI) (T.T.T. d.o.0., Sveta Nedjelja, Croatia) with a
disposable plastic syringe (volume 2 ml) and a 30G blunt
tip needle. Final removal of the residual smear layer was per-
formed by rinsing the root canal with 1 ml of 2.5% NaO-
Cl for 30 sec., 15% ethylenediamintetraacetic acid (EDTA)

Solvents for Root Canal Retreatment .

Svrha ovog istrazivanja bila je usporediti uc¢inkovitost i
vrijeme potrebno za otapanje gutaperke i punila AH plus iz
korijenskih kanala izmedu eteri¢noga ulja eukaliptusa (Eu-
calyptus globulus) i ulja australskoga cajnoga drva (Melalenca
alternifolia) pri ru¢noj (Kerr prosirivaci i Hedstrém pilice) i
strojnoj (Reciproc) tehnici revizije.

Prva nulta hipoteza istrazivanja bila je da nema znacaj-
ne razlike u u¢inkovitosti pri otapanju korijenskoga punjenja
eteri¢nim uljem eukaliptusa i uljem australskoga cajevca tije-
kom ruéne i strojne tehnike revizije.

Druga nulta hipoteza istrazivanja glasila je da nema zna-
¢ajne razlike u vremenu potrebnom za uklanjanje korijensko-
ga punjenja etericnim uljem eukaliptusa i uljem australskoga
¢ajevea pri uporabi rucne i strojne tehnike.

Materijali i metode

Odabir uzorka

Istrazivanje je odobrilo Eticko povjerenstvo Stomatolos-
kog fakulteta Sveudilista u Zagrebu (05-PA-26-3/2018).

Za potrebe istrazivanja koriteni su trajni maksilarni i
mandibularni ljudski zubi potpuno razvijenih korijena i bez
znakova karijesnog oStecenja, eksterne resorpcije i endodont-
skoga lije¢enja. Vadeni su iz parodontoloskih, ortodontskih
i drugih zdravstvenih razloga u Zavodu za oralnu kirurgiju
Stomatoloskog fakulteta Sveucilista u Zagrebu. Nakon vade-
nja zubi su isprani pod mlazom vode, o¢iséeni od mekotkiv-
nih naslaga te pohranjeni u 0,5-postotnu otopinu kloramina.
Uzorci su sterilizirani u autoklavu.

Trepanacijski otvori radeni su s okluzalne strane lateral-
nih zuba i oralne strane frontalnih zuba fisurnim dijaman-
tnim svrdlom br. 016 (Komet, Rock Hill, SC, SAD) mon-
tiranim na turbinu, uz vodeno hladenje. Krov pulpnih
komorica uklonjen je okruglim karbidnim svrdlom #3. Pul-
pa je uklonjena pulpekstripatorom, a duzine korijenskih ka-
nala izmjerene su uvodenjem strugaca veli¢ine #10 ili #15
(Kerr struga¢, Maillefer, Ballaigues, Svicarska) do apikalnoga
otvora nakon ¢ega je instrument uvucen za milimetar. Pro-
sje¢na duzina korijenskih kanala iznosila je 14 mm. S obzi-
rom na tehniku instrumentacije, 60 korijenskih kanala podi-
jeljeno je u dvije skupine (n = 30). Veli¢ina uzorka odabrana
je prema usporedivim istrazivanjima u dostupnoj literaturi.
Testni uzorci nasumic¢no su, slu¢ajnim odabirom, rasporede-
ni po ispitnim skupinama. Pripremu uzorka i mjerenja obav-
ljao je jedan operater.

Priprema korijenskih kanala i punjenje

Skupina l.

Prva skupina mehanicki je obradena ru¢nim instrumenti-
ma — strugac¢ima, proSiriva¢ima i pilicama Hedstrom (Maille-
fer, Ballaigues, Svicarska), apikalno do #40 (ISO #40 master
file), a koronarno do #80, klasicnom “step-back” tehnikom.
Korijenski su kanali izmedu svakoga instrumenta isprani jed-
nim mililitrom 2,5-postotne otopine natrijeva hipoklorita
(NaOCl) (T. T. T. d.o.o., Sveta Nedjelja, Hrvatska), a za to
se koristila jednokratna plasti¢na $trcaljka (vol. 2 mL) i 30 G
igla tupoga vrha. Zavr$no uklanjanje zaostatnoga sloja prove-
deno je 30-sekundnim ispiranjem kanala jednim mililitrom
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(Calsinase, Lege artis, Dettenhausen, Germany) for 60 sec.
and saline (B. Braun Adria d.o.0., Zagreb, Croatia). The ca-
nals were then dried with sterile paper points.

The root canals were filled with standard gutta-percha
points (DiaDent, Seoul, Korea) and AH Plus sealer (Dentsp-
ly DeTrey, Konstanz, Germany), mixed according to the
manufacturer’s instructions, using the cold lateral condensa-
tion technique. The master cone #40 was coated with seal-
er and applied to the canal to a previously measured length
and pushed laterally and apically with a spreader #25, creat-
ing space for an additional gutta-percha point of appropriate
size. Additional gutta-percha points coated with sealer were
repeatedly inserted into the canal until the spreader could not
penetrate into the filling deeper than 2 mm. The excess gut-
ta-percha points were cut off with flat plugger heated on an
open fire at the level of the root canal orifice. The filling was
additionally condensed in the vertical direction.

Group Il

The second group was prepared using engine-driven Re-
ciproc instruments; R25 and R40 (VDW, Munich, Germany)
powered by VDW Reciproc Gold engine device (VDW, Mu-
nich, Germany), up to size 40/0.6, according to the manufac-
turer’s instructions. Chemical treatment during instrumenta-
tion and removal of the residual smear layer was performed in
the same way as in the group . After drying with paper points,
the root canals were filled with VDW Reciproc gutta-percha
#40 coated with AH Plus sealer. The excess gutta-percha points
were cut off with flat plugger heated on an open fire at the level
of the root canal orifice and vertically condensed.

After filling, all samples of both groups were stored in sa-
line at thermostat temperature of 37°C.

Retreatment

After seven days, the samples were taken out of the ther-
mostat and dried with gauze. Gates Glidden drill #3 (Maille-
fer, Ballagius, Switzerland) was used to make a small solvent
tank in the coronal third of each canal. Engine driven and
hand instrumented groups were divided into two subgroups
(n=15), denoted by the letters # and 4. Subgroups & were
treated with eucalyptol, and subgroups & with tea tree oil.

Group | (la and Ib)

Hand instruments were used for retreatment of the first
group. After application of 1 ml of solvent, a path for the sol-
vent was made by rotating the K-reamer #15 120°clockwise
with slight apical pressure, and the softened gutta-percha was
removed with a same sized H-file. The size of the instruments
was gradually increased to #40. The solvent was added as
needed. The procedure was repeated until reaching the work-
ing length and was completed and there were no more visible
traces of filling material on the instruments and paper points.

Group Il (lla and I1b)

The second group was retreated with engine-driven, Recip-
roc instruments according to the manufacturer’s instructions.
First, 1 to 2 drops of solvent were applied into a previously
made container at the root canal orifice. Then, the R25 instru-

Otapala za reviziju korijenskih kanala

2,5-postotne otopine NaOCl-a, 15-postotnom otopinom
etilendiaminotetraoctene kiseline (EDTA) (Calsinase, Lege
artis, Dettenhausen, Njemacka) tijekom 60 sckunda i fizio-
loskom otopinom (B. Braun Adria d.o.o., Zagreb, Hrvatska).
Poslije toga kanali su osuseni sterilnim papirnatim $tapi¢ima.

Korijenski kanali punjeni su standardnim $tapi¢ima guta-
perke (DiaDent, Seul, Koreja) i pastom AH Plus (Dentsply
DeTrey, Konstanz, Njemacka) zamijesanom prema uputi
proizvodaca, tehnikom hladne lateralne kondenzacije. Glav-
ni Stapi¢ gutaperke #40 (engl. Master cone) nakon uranjanja
u pastu, apliciran je u kanal do prije izmjerene duljine te je
lateralno i apikalno potisnut ru¢nim rasirivacem #25 (engl.
Spreader), ¢ime je stvoren prostor za dodatni Stapi¢ gutaperke
odgovarajuce veli¢ine. Dodatni $tapiéi oblozeni pastom, po-
novno su uno$eni u kanal sve dok se rasirivacem nije moglo
prodrijeti u punjenje dublje od dva milimetra. Ravnim nabi-
jacem, zagrijanim na plameniku, odrezan je visak $tapica gu-
taperke u razini ulaza u korijenski kanal te je punjenje dodat-
no kondenzirano u vertikalnom smjeru.

Skupina ll.

Druga skupina obradena je strojno instrumentima Reci-
proc R25 i R40 (VDW, Miinchen, Njemacka) koje je po-
kretao motor VDW Reciproc Gold (VDW, Miinchen, Nje-
macka), do veli¢ine 40/0,6, prema protokolu proizvodaca.
Kemijska obrada izmedu svake rekapitulacije i zavr$no ukla-
njanje zaostatnoga sloja obavljeno je istim irigansima kao i
u skupini /. Poslije suenja papirnatim $tapi¢ima, korijenski
su kanali punjeni VDW Reciproc gutaperkom #40 obloze-
nom prije zamijeSanom pastom AH Plus. Visak gutaperke
uklonjen je zagrijanim ravnim nabija¢em i zavr$no vertikal-
no kondenziran.

Nakon punjenja svi su uzorci pohranjeni u fizioloskoj
otopini u termostatu pri temperaturi od 37 °C.

Revizija

Nakon sedam dana uzorci su izvadeni iz termostata i po-
suseni gazom. Gates Glidden svrdlom #3 (Maillefer, Ballagi-
us, Svicarska) u koronarnoj trecini svakoga kanala uéinjen je
mali spremnik za otapalo. Strojno i ru¢no instrumentirane
skupine podijeljene su u dvije podskupine (n = 15) oznacene
slovima # i b. Podskupina « tretirana je eukaliptolom, a pod-
skupina & ¢ajevcem.

Skupinal. (. ail. b)

Za reviziju prve skupine koriteni su ru¢ni instrumenti.
Nakon primjene jednog mililitra otapala, okretanjem prosiri-
vaca #15 u smjeru kazaljke na satu za 120°, uz lagani apikalni
pritisak, izraden je put za otapalo, a pilicama Hedstrom jedna-
ke veli¢ine uklonjena je omeksala gutaperka. Velic¢ina instru-
menata postupno je povecavana do #40. Otapalo je dodava-
no prema potrebi. Postupak se ponavljao dok se nije postigla
radna duljina te je zavr$en u trenutku kada vise nije bilo vidlji-
vih tragova punila na instrumentima i papirnatim Stapi¢ima.

Skupina ll. (Il.aill. b)

Druga skupina revidirana je strojno instrumentima Reci-
proc, slijedeéi protokol proizvodaca. Nakon unosenja jedne
do dvije kapi otapala u ve¢ izradeni spremnik na ulazu kori-
jenskoga kanala instrumentom R25, uz lagani pritisak pre-
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ment was used with light pressure towards the apical and “in-
side - out” movements through 3 consecutive amplitudes of 3
mm, followed by cleaning the instrument with sterile gauze,
until reaching the working length. After that, the R40 instru-
ment was introduced into the root canal and the remaining
filling material was removed from the canal walls by the “in-
side - out” and “side” movements, according to the mentioned
protocol. The retreatment was completed when there were no
more visible traces of filling material on the instruments.
Finally, all canals were rinsed with 0.5% NaOCI, 15%
EDTA and saline and dried with paper points. The complete

retreatment time was measured in minutes.

Results

Statistical analysis

After retreatment, the samples were longitudinally split,
and recorded by a camera mounted on a stereomicroscope
(Olympus SZX12) under a 15x magnification and the sur-
face of the residual filling material in the root canals was
quantified. The obtained images were transferred to a com-
puter and the areas of residual gutta-percha and sealer were
measured using an image processing program, Image] (Fig-
ure 1). Data were statistically analized by Student - T test.
The computer program SPSS 17.1 for Windows was used for
data processing. The normality of the data distribution was
checked by a descriptive statistical method (P-P plot). P val-
ues less than 0.05 were considered significant.

Retreatment duration

The time required for retreatment of all samples by groups
is shown in Table 1 and in Figure 2.

Figure 1 Residual gutta-percha and sealer after retreatment;
groups la (bottom left), Ib (top left), lla (top right), b
(bottom right)
Figure legend: la-hand retreatment/eucalyptol, Ib-hand
retreatment/tea tree oil, lla-engine driven retreatment/
eucalyptol, Ilb-engine driven retreatment/tea tree oil
Slika 1. Zaostatna gutaperka i punilo nakon revizije; skupine I.
a (dolje lijevo), I. b (gore lijevo), Il. a (gore desno), Il. b
(dolje desno)
Legenda: I. a - ru¢na revizija/eukaliptol, I. b - ru¢na
revizija/ulje cajevca, II. a - strojna revizija/eukaliptol, II. b
- strojna revizija/ulje cajevca
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ma apikalno, pokretima ,unutra — van“ u tri konsekutivne
amplitude od tri milimetra, izmedu kojih je slijedilo c¢iS¢enje
instrumenta sterilnom gazom, postupno je postignuta radna
duljina. Zatim je u korijenski kanal uveden instrument R40
te je pokretima ,,unutra — van® i ,u stranu“, navedenim pro-
tokolom, uklonjeno preostalo punjenje sa stijenki kanala. Re-
vizija se i u ovoj skupini smatrala zavr$enom kada vise nije bi-
lo vidljivih tragova punila na instrumentima.

Zavr$no su svi kanali isprani 0,5-postotnom otopinom
NaOCl-a, 15-postotnom otopinom EDTA-e i fizioloskom
otopinom te su posuseni papirnatim Stapi¢ima. Ukupno vri-
jeme revizije mjereno je u minutama.

Rezultati

Statisticka obrada podataka

Nakon revizije uzorci su uzduzno razrezani i snimljeni ka-
merom montiranom na stereomikroskop (Olympus SZX12)
pod povecanjem od 15 puta u svthu kvantifikacije povrsine
punjenja zaostaloga u korijenskim kanalima. Dobivene sli-
ke prenesene su na ra¢unalo te su povrsine zaostale gutaperke
i paste izmjerene racunalnim programom Image] (slika 1.).
Dobiveni podatci statisticki su obradeni Studentovim t-te-
stom. U obradi podataka koristen je Windowsov racunalni
program SPSS 17.1. Normalnost distribucije podataka pro-
vjerena je deskriptivnom statistickom metodom (P — P plot).
P vrijednosti manje od 0,05 smatrane su znacajnima.

Trajanje revizije
Vrijeme potrebno za ponovnu obradu svih uzoraka po
skupinama prikazano je u tablici 1. i na slici 2.

1000
800
600
400

200

Average retreatment time (seconds)

Figure 2 Graphical representation of the average time (seconds)
required for retreatment by groups
Figure legend: la-hand retreatment/eucalyptol, Ib-hand
retreatment/tea tree oil, lla-engine driven retreatment/
eucalyptol, IIb-engine driven retreatment/tea tree oil
Slika 2. Graficki prikaz prosje¢noga vremena (sekunde) potrebnog
za reviziju po skupinama
Legenda: I. a -ru¢na revizija/eukaliptol, I. b - ru¢na
revizija/ulje cajevca, II. a - strojna revizija/eukaliptol, II. b
- strojna revizija/ulje cajevca
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Table1  Retreatment duration (minutes)
Tablica 1. Trajanje revizije (minute)

Otapala za reviziju korijenskih kanala

Group * Skupina N Mean ° Sredina SD Minimum I\L//[[:xksn:::;mn: 25 tI:) ercent:lesso-t;’ercentd;s h
lael.a 15 10:13 0:29 7:37 13:26 8:29 10:03 12:18
IbeLb 15 8:25 0:31 5:39 11:37 6:10 8:02 10:07
Ilaell.a 15 5:08 0:20 2:30 6:55 4:15 5:10 6:05
IIbeIL b 15 4:32 0:23 2:48 7:16 3:21 4:11 5:40

Table legend: Ta-hand retreatment/eucalyptol, Ib-hand retreatment/tea tree oil, Ila-engine driven retreatment/eucalyptol, IIb-engine driven retreatment/

tea tree oil

Legenda: I. a - ru¢na revizija/eukaliptol, I. b - ru¢na revizija/ulje ¢ajevca, II. a - strojna revizija/eukaliptol, II. b - strojna revizija/ulje ¢ajevca

Table2  Percentage of residual filling material surface by groups
Tablica 2. Postotak povrsine zaostatnoga punjenja po skupinama

Group * Skupina N Mean ° Sredina SD Minimum B&m‘ﬁ:ﬁ; 2 tl:) ercentll«;so;l:’ercentﬂ; 5th
lael.a 15 6.59% 0.60% 2.44% 11.97% 5.29% 6.18% 7.88%
IbeIb 15 6.66% 0.56% 3.88% 11.28% 4.35% 6.75% 8.16%
Ilaell.a 15 7.23% 0.52% 3.22% 10.76% 6.30% 7.68% 8.35%
IIb e II. b 15 6.13% 0.51% 2.60% 9.31% 5.29% 6.10% 7.60%

Table legend: Ta-hand retreatment/eucalyptol, Ib-hand retreatment/tea tree oil, Ila-engine driven retreatment/eucalyptol, IIb-engine driven retreatment/

tea tree oil

Legenda: I. a - ru¢na revizija/eukaliptol, I. b - ru¢na revizija/ulje ¢ajevca, II. a - strojna revizija/eukaliptol, II. b - strojna revizija/ulje ¢ajevca

Student T test for independent samples showed that there
was a statistically significant difference in the retreatment du-
ration between //z and Ia (p<0.001), Iz and 16 (p<0.001),
IIb and b (p<0.001), Iz and b (p=0.017) and /b and Iz
(p<0.001) groups.

Machine retreatment using Reciproc engine-driven in-
struments was statistically significantly faster compared to
the manual retreatment using hand files. Among manually
retreated root canals, tea tree oil-treated group was retreated
significantly faster.

Residual filling material surface

The percentage of the residual filling material surface by
groups is shown in Table 2.

Student T test for independent samples showed that there
was no statistically significant differences in the percentage of

723
6,59 6,66
6,13
6 I
0
la b lla [1[s]

Average residual material surface (%)
LS =y

Studentov t-test za nezavisne uzorke pokazao je da po-
stoji statisticki znacajna razlika u vremenu potrebnom za re-
viziju izmedu skupina /7. 2 i . 2 (p < 0,001), I ail b (p <
0,001), 1L bil b(p<0,001), L ail b(p=0,017)ill bi
L a(p <0,001).

Revizija instrumentima Reciproc statisticki je bila znat-
no brza u usporedbi s ruénom revizijom. Medu ru¢no revidi-
ranim korijenskim kanalima, skupina tretirana ¢ajevcem bila
znatno brze revidirana.

Povrsina zaostatnoga punjenja

Postotak povrsine zaostaloga materijala za punjenje po
skupinama prikazan je u tablici 2.

Studentov t-test za nezavisne uzorke pokazao je da nema
statisticki znacajne razlike u postotku zaostatnoga punjenja

Figure 3 Graphical representation of the average residual filling
material surface (%) by groups
Figure legend: la-hand retreatment/eucalyptol, Ib-hand
retreatment/tea tree oil, lla-engine driven retreatment/
eucalyptol, Ilb-engine driven retreatment/tea tree oil
Slika 3. Graficki prikaz prosjecne povrsine zaostatnoga punjenja
(%) po skupinama
Legenda: I. a - ru¢na revizija/eukaliptol, Ib - ruéna
revizija/ulje ¢ajevca, Il. a - strojna revizija/eukaliptol, II. b
- strojna revizija/ulje Cajevca
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residual filling material between //z and Iz (p>0.05), Iz and
16 (p>0.05), la and 116 (p>0.05), /la and 16 (p>0.05) and 116
and b (p>0.05) groups.

In all examined specimens, approximately the same filling
material surface was left (Figure 3).

Discussion

The aim of this study was to evaluate the retreatment du-
ration and efficacy of eucalyptol and tea tree oil in machine
and manual retreatment of epoxy resin based endodontic fill-
ing. As there were no statistically significant differences the
in area of the remaining filling material among used solvents,
nor in applied technique, the first null hypothesis was con-
firmed. As retreatment with Reciproc instruments was signif-
icantly faster compared to retreatment using hand files, and
the manual retreatment technique was faster when tea tree es-
sential oil was used as a solvent compared to eucalyptol, the
second null hypothesis was rejacted.

When the use of chloroform was forbidden, many studies
have been conducted to determine the most effective organic
solvent. Because chloroform and xylene have been described
as toxic, and halothane (which has been used as an inhalation
anesthetic since 1956 for induction of general anesthesia) has
low toxicity, is relatively biocompatible and shows unpleas-
ant side effects, the choice of solvent narrows to essential oils
(2,17,27).

Eucalyptus oil (cineole) is one of the chemical agents that
has been advocated for the removal of gutta-percha (2), hence
it was used in the present study.

In 1990, Kaplowitz compared the solubility of gutta-per-
cha in five different solvents (purified white turpentine, me-
laleuca oil, eucalyptus oil, white pine oil, and needle pine
oil) with solubility in chloroform and reported that all sol-
vents dissolved at least 50% of the gutta-percha at 37°C dur-
ing 15 minutes, while chloroform and rectified white tur-
pentine dissolved gutta-percha completely (18). Gorduysus
et al. compared the solubility of gutta-percha in halothane,
chloroform, xylene, acetone, isopropyl alcohol, turpentine,
melaleuca oil, and eucalyptus oil. Halothane, chloroform,
and xylene were far more potent solvents for gutta-percha
than the remaining agents; eucalyptus oil, melaleuca oil and
turpentine were less effective in dissolving gutta-percha; ac-
etone and isopropyl alcohol did not dissolve gutta-percha at
all (25).

Zaccaro-Scelza et al. reported no significant differences in
dissolving efficacy of chloroform, orange oil and eucalyptol
(19). Karlovi¢ et al. also reported no significant differences in
gutta-percha removal efficacy of eucalyptol and chloroform
(17). Yadav et al. evaluated the dissolution effectiveness of
eucalyptus oil, orange oil, xylene, and distilled water on end-
odontic sealers. Their results showed that xylene was the most
effective solvent followed by the essential oils (eucalyptus and
orange oil) and distilled water the least (20).

According to these studies, the effectiveness of essential
oils was the same (17, 19) or slightly lower (18, 20, 25) but
biocompatibility, non-carcinogenicity and antiseptic effects
are distinct advantages of essential oils (26, 28, 29).
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izmedu skupina 1. 2i L 2 (p > 0,05), l.ai L. b (p > 0,05), L «
LIL b (p>0,05), ILaill b(p>0,05)ill bil b(p>0,05).

U svim ispitivanim uzorcima zaostala je priblizno jednaka
povrsina materijala za punjenje (slika 3.).

Rasprava

Cilj ovog istrazivanja bio je procijeniti trajanje revizije i
ucinkovitost eukaliptola i ulja Cajevca pri strojnoj i ru¢noj
reviziji endodontskoga punjenja na bazi epoksidne smole.
Kako nije bilo statisticki znacajnih razlika ni u povrsini zao-
statnoga punjenja medu koristenim otapalima, ni u primije-
njenoj tehnici instrumentacije, potvrdena je prva nulta hipo-
teza. Kako je revizija instrumentima Reciproc bila znacajno
brza u usporedbi s revizijom ru¢nim instrumentima, a tehni-
ka ruéne instrumentacije bila je brza kada je eteri¢no ulje ca-
jevca koristeno kao otapalo u usporedbi s eukaliptolom, dru-
ga nulta hipoteza je odbacena.

Nakon zabrane uporabe kloroforma, u¢injena su mnogo-
brojna istrazivanja u svrhu utvrdivanja $to u¢inkovitijega ota-
pala. Bududi da su kloroform i ksilen opisani kao toksi¢ni, a
halotan (koristi se kao inhalacijski anestetik od 1956. za uvo-
denje u opéu anesteziju) ima nisku toksi¢nost, relativno je bi-
okompatibilan i ima neugodne nuspojave, izbor otapala su-
7ava se na eteri¢na ulja (2, 17, 27).

Ulje eukaliptusa (cineol) jedno je od kemijskih sredstava
koje se predlaze za uklanjanje gutaperke (2) te je zato koriste-
no u ovom istrazivanju.

Kaplowitz je 1990. godine usporedio topljivost gutaperke
u pet razli¢itih otapala (proc¢iséeni bijeli terpentin, ulje mela-
leuke, ulje eukaliptusa, ulje bijeloga bora i ulje igli¢astoga bo-
ra) s topljivosti u kloroformu, te je izvijestio da su, pri tem-
peraturi od 37° Celzijevih i u trajanju od 15 minuta samo
kloroform i proci$¢eni bijeli terpentin potpuno otopili gura-
perku, a ostala otapala otopila su najmanje 50 % gutaperke
(18). Gorduysus i suradnici usporedivali su topljivost guta-
perke u halotanu, kloroformu, ksilenu, acetonu, izopropil-
nom alkoholu, terpentinu, ulju melaleuke i ulju eukaliptusa.
Halotan, kloroform i ksilen bili su snaznija otapala gutaperke
u usporedbi s ostalim sredstvima — ulja eukaliptusaa i melale-
uke te terpentin bili su slabije uc¢inkoviti u otapanju gutaper-
ke, a aceton i izopropilni alkohol uopée je nisu otopili (25).

Zaccaro-Scelza i suradnici izvijestili su da nema znacajnih
razlika u ucinkovitosti pri otapanju izmedu kloroforma, ulja
narance i eukaliptola (19). Karlovi¢ i suradnici takoder su
istaknuli da nema znacajnih razlika u u¢inkovitosti u uklanja-
nju gutaperke izmedu eukaliptola i kloroforma (17). Yadav
i suradnici procjenjivali su ucinkovitost pri otapanju endo-
dontskih punjenja uljem eukaliptusa, uljem narance, ksile-
nom i destiliranom vodom. U njihovim rezultatima ksilen se
pokazao najucinkovitijim otapalom, zatim su slijedila eteri¢-
na ulja (eukaliptus i ulje narance), a najmanje ucinkovita bila
je destilirana voda (20).

Prema ovim istraZivanjima, u¢inkovitost eteri¢nih ulja bi-
la je jednaka (17, 19) ili nesto manja (18, 20, 25), ali bio-
kompatibilnost, nekancerogenost i antisepticki uc¢inak izrazi-
te su prednosti eteri¢nih ulja (26, 28, 29).
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In the present study, the time required to remove the end-
odontic filling material from the root canals of all groups was
also measured.

We found a significant difference between the manual
and machine retreatment duration regardless to the type of
solvent applied (machine-eucalyptol avg. 5:08 minutes/tea
tree oil avg. 4:32 minutes, hand-eucalyptol avg. 10:13/tea
tree oil avg. 8:25). The results of our study showed that Re-
ciproc machine retreatment was faster than manual, hand re-
treatment, which is consistent with the results of the study of
Zuolo et al. (11).

A significant difference was also found between manual
retreatment techniques (manual-eucalyptol avg. 10:13 min-
utes/tea tree oil avg. 8:25 minutes). Manual retreatment du-
ration was measured by other authors also (17, 24, 30-33).
Karlovi¢ et al. measured that a manual retreatment with eu-
calyptol took, on average, 8.14 minutes, while the retreat-
ment with chloroform took 7.18 minutes (17). Zaccaro-Szel-
za et al. stated that it took them on average about 5 minutes
to retreat root canal with hand files using chloroform, orange
oil, and eucalyptol (19), while other authors reported a time
range of 1.5 to 10.8 minutes (30-33).

Considering our results regarding a higher tea tree oil ef-
ficacy in manual retreatment group when compared to eu-
calyptol, tea tree oil may be considered a better solution in
manual retreatment. As stated before, modern engine driv-
en endodontic treatment and retreatment are more effective
than manual (5, 6). However, due to the fact that manual in-
strumentation and retreatment are still methods of choice in
many clinical environments worldwide (due to cost or avail-
ability), our finding may have clinical implications in the
sense of speed and efficacy of manual retreatment.

For the purpose of measuring the residual filling materi-
al surface, after retreatment, the samples were split longitu-
dinally and recorded with a camera mounted on a stereomi-
croscope (Olympus SZX12) under a 15x magnification. The
obtained images were transferred to a computer and the areas
of residual gutta-percha and sealer were measured by the im-
age processing program (Image]). Such a procedure is used in
a study of Scelza et al. (19).

Student T test for independent samples showed that there
was no statistically significant difference in the percentage of
the residual endodontic filling area between manual and ma-
chine techniques, nor between the application of tested sol-
vents. However, since the percentage of the residual filling
material was the lowest in machine retreatment with tea tree
oil (6.13%) and the highest in machine retreatment with eu-
calyptol (7.23%), it can be concluded that the percentage
of removed endodontic filling material in all experimen-
tal groups in this study was between 92.77% and 93.87%,
which is in line with previous research (17), and represents a
very high efficiency of these techniques and solvents. How-
ever, the results of this study also confirm the findings of all
previous studies that no revision techniques which have been
currently applied, can completely remove endodontic filling
material from root canals (14, 34, 35).

Otapala za reviziju korijenskih kanala

U ovom istrazivanju takoder je mjereno vrijeme potreb-
no za uklanjanje endodontskoga punjenja iz korijenskih ka-
nala svih skupina.

Pronasli smo znacajnu razliku izmedu vremena potrebno-
ga za uklanjanje punjenja strojnom tehnikom u usporedbi s
ru¢nom tehnikom, bez obzira na vrstu primijenjenog otapala
(strojno — eukaliptol prosje¢no 5,08 minuta / ¢ajevac prosjec-
no 4,32 minute; ruéno — eukaliptol prosje¢no 10,13, ¢ajevac
prosje¢no 8,25 minuta). Rezultati naseg istrazivanja pokaza-
li su da je strojna revizija Reciprocom bila brza od rucne re-
vizije. To je u skladu s istrazivanjem Zuola i suradnika (11).

Takoder je ustanovljena znacajna razlika izmedu ru¢nih
tehnika revizije (ruéno — eukaliptol prosje¢no 10,13 minuta;
ulje ¢ajevca prosje¢no 8,25 minuta). Trajanje rucne revizije
mjerili su i drugi autori (17, 24, 30 — 33). Karlovi¢ i suradni-
ci izmjerili su da je za ruénu reviziju s eukaliptolom prosje¢-
no trebalo 8,14 minuta, a za reviziju s kloroformom trebalo
je 7,18 minuta (17). Zaccaro-Szelza i suradnici isticu da im
je u prosjeku trebalo 5 minuta za reviziju ru¢nim instrumen-
tima s pomocu kloroforma, ulja naranée i eukaliptola (19), a
drugi autori navode raspon od 1,5 do 10,8 minuta (30 — 33).

Uzimajuéi u obzir da su nasi rezultati pokazali ve¢u ucin-
kovitost ulja ¢ajevca u skupini ru¢ne revizije u usporedbi s
eukaliptolom, moze ga se predloziti kao bolji izbor za ru¢-
nu reviziju. Kao $to je ve¢ navedeno, moderno strojno en-
dodontsko lijecenje i revizija ucinkovitiji su od ru¢noga (5,
6). No zbog ¢injenice da je ruéna instrumentacija i revizija
jo$ uvijek metoda izbora u mnogim klinickim praksama di-
liem svijeta (zbog cijene ili dostupnosti), nas nalaz moze ima-
ti klinicke implikacije u smislu brzine i uc¢inkovitosti ru¢ne
revizije.

U svrhu izratuna povr$ine punjenja zaostaloga u korijen-
skim kanalima, nakon revizije uzorci su uzduzno razrezani i
snimljeni kamerom montiranom na stereomikroskop (Olym-
pus SZX12) pod povecanjem od 15 puta. Dobivene slike pre-
nesene su na racunalo te su povrsine zaostale gutaperke i pa-
ste izmjerene racunalnim programom Image], $to je u skladu
s istrazivanjem Scelze i suradnika (19).

Studentov t-test za nezavisne uzorke pokazao je da nema
statisticki znacajne razlike u postotku povrsine zaostaloga en-
dodontskoga punjenja ni izmedu ru¢nih i strojnih tehnika,
ni izmedu primjene razlicitih otapala. No bududi da je po-
stotak zaostatnoga punjenja bio najmanji kod strojne revizi-
je uz primjenu cajevca (6,13 %), a najvisi kod strojne revizi-
je uz primjenu eukaliptola (7,23 %), moze se zakljuciti da je
postotak uklonjenoga endodontskoga punjenja u svim ekspe-
rimentalnim skupinama u ovom istrazivanju iznosio izmedu
92,77 % i 93,87 %, $to je u skladu s ranijim istraZivanjima
(17) i pokazuje vrlo visoku ucinkovitost navedenih tehnika
i otapala. Medutim, rezultati ovog istrazivanja takoder po-
tvrduju nalaze svih dosadasnjih istrazivanja da se ni jednom
tehnikom revizije, koje se trenutaéno primjenjuju, ne moze
potpuno ukloniti endodontsko punjenje iz korijenskih kana-

la (14, 34, 35).
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Conclusions

Since there is no significant difference in percentage of
the residual filling material regardless of the retreatment tech-
nique and different solvents used, we have concluded that
essential oils, Australian tea tree oil and eucalyptus oil are
equally effective in removing endodontic filling material.

Retreatment with Reciproc instruments is significantly
faster compared to retreatment using hand files. On the oth-
er hand, the manual retreatment technique is faster when tea
tree essential oil is used as a solvent compared to eucalyptol.
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Sazetak
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Zaklju€ak

Budu¢i da nema znacdajne razlike u postotku zaostatnoga
punjenja neovisno o primijenjenoj tehnici revizije i razlicitim
otapalima, zaklju¢ujemo da su eteri¢na ulja — ulje australsko-
ga Cajevca i ulje eukaliptusa jednako ucinkovita u uklanjanju
endodontskoga materijala za punjenje.

Revizija instrumentima Reciproc znatno je brza u uspo-
redbi s ruénima. S druge strane, reciprona tehnika revizije
brza je kada se kao otapalo koristi eteri¢no ulje Cajevea u us-
poredbi s eukaliptolom.
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Uvod: Svrha ovog istrazivanja bila je procijeniti trajanje revizije i u¢inkovitost eukaliptola i ulja ¢ajev-
ca pri strojnoj i ru¢noj reviziji endodontskoga punjenja baziranoga na epoksidnoj smoli na izvadenim
ljudskim zubima. Materijali i metode: U dvije skupine nasumicno je podijeljeno 60 ljudskih jednoko-
rijenskih zuba. Prva je pripremljena rucnim instrumentima, a druga s pomocu sustava Reciproc. Ko-
rijenski kanali punjeni su Stapi¢ima od gutaperke i pastom AH Plus. U prvoj skupini revizija je radena
prosiriva¢ima i instrumentima Hedstrom, a u drugoj skupini instrumentima Reciproc. Svaka skupina
podijeljena je u dvije podskupine (n = 15) s obzirom na koristeno otapalo za reviziju (eukaliptol ili
ulje cajevca). Korijenski kanali uzduzno su razrezani i analizirani stereomikroskopom (povecanje 15
x). Povrsina zaostatnoga materijala za punjenje izmjerena je u raunalnom programu za obradu slike.
Rezultati: Nije bilo statisticki znacajnih razlika u povrsini zaostatnoga punjenja ni medu koristenim
otapalima, ni u primijenjenoj tehnici. Revizija u¢injena instrumentima Reciproc bila je znatno brza u
usporedbi s revizijom ru¢nim instrumentima. Revizija ruénim instrumentima, u usporedbi s eukalipto-
lom, bila je brza kada se kao otapalo koristilo eteri¢no ulje ¢ajevca. Zaklju¢ak: Australsko ulje ¢ajev-
ca i ulje eukaliptusa bili su podjednako ucinkoviti u uklanjanju endodontskoga punjenja, ali ni jedan
kanal nije bio potpuno o¢iscen od zaostaloga materijala za punjenje. Revizija instrumentima Reciproc
bila je brza u usporedbi s revizijom ru¢nim instrumentima. Revizija ru¢nim instrumentima bila je brza
kada se etericno ulje ¢ajevca koristilo kao otapalo u usporedbi s eukaliptolom.
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