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Sazetak

Svrha: Svrha ovog istrazivanja bila je procijeniti in vitro u¢inkovitost ozona na suspenziju triju razli-
Citih vrsta bakterija inokluiranih u obradene korijenske kanale ekstrahiranih ljudskih zubi. Materi-
jal i metode: Ozon je proizveden od aspiriranog zraka uporabom specijalne KP brizgalice visokofre-
kvencijskoga generatora ozona Ozonytron (Biozonix, Miinchen, Njemacka) s pomocu dielektricnog
barijernog izboja, te nastavka na 3trcaljki postavljenog u pripremljeni korijenski kanal. Ispitivani su
mikroorganizmi Enterococcus faecalis, Staphylococcus aureus i Staphyloccocus epidermidis. Rezul-
tati: Ni jedna metoda nije pokazala 100-postotnu ucinkovitost u eliminaciji navedenih bakterija u
suspenziji. Primjena ozona znacajno je smanjila ukupan broj mikroorganizama (89,3 %), te broj sva-
ke vrste bakterija posebno (Staphyloccocus aureus — 94,0 %; Staphyloccocus epidermidis — 88,6 %
i Enterococcus faecalis — 79,7 %). Ozon proizveden KP brizgalicom bio je statisticki znatno ucinko-
vitiji u eliminaciji Staphyloccocus aureus i Staphyloccocus epidermidis u usporedbi s NaOCl-om kao
pozitivnom kontrolom. Zaklju¢ak: Ukupan broj Enterococcus faecalis bio je statisti¢ki manji, no bez
znacajne statisticke razlike izmedu ispitivane i pozitivne kontrolne skupine. Izmedu triju vrsta bakte-
rija u suspenziji, primjena KP 3trcaljke pokazala je najmanju ucinkovitost u eliminaciji Enterococcus
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Uvod

Jedan od ciljeva endodontskog lije¢enja jest ukloni-
ti infekciju iz korijenskoga kanala. Unato¢ temeljitoj ke-
mijsko-mehanickoj obradi, vrlo je tesko posti¢i taj cilj,
te se preostali mikroorganizmi u korijenskome kana-
lu smatraju glavnim uzrokom neuspjeha u lijecenju (1).
Natrijev hipoklorit (NaOCl) danas je najées¢e koristena anti-
mikrobna irigacijska otopina pri kemijsko-mehanickoj obra-
di korijenskih kanala (2). Ukoliko dode u kontake s peria-
pikalnim tkivom ili tkivom oralne sluznice, moze izazvati
citotoksi¢ne ucinke (3).

Kako bi se pobolj$ao antimikrobni u¢inak, u dezinfek-
cijski postupak lije¢enja korijenskog kanala uveden je ozon
(2, 4, 5). Dio autora (2) koristi se ozoniziranim NaOCl-om
a dio upotrebljava ozoniziranu vodu (4, 6 — 9) ili plinoviti
ozon (7 — 9). Antimikrobni u¢inak testiranog agensa moze
biti razlicit s obzirom na stanje u kojemu se nalaze ispitiva-
ni mikroorganizmi (mogu biti u obliku planktona gdje ne-

lijecenje; antibakterijska sredstva; ozon;
Enterococcus faecalis, Staphylococcus
aureus, Staphylococcus epidermidis

Introduction

one of the main goals of an endodontic therapy is to erad-
icate infection from the root canal. No matter how meticu-
lously a chemo-mechanical treatment is performed, clinicians
sometimes fail to achieve this treatment goal, since residual
microorganisms seem to be the main cause of treatment fail-
ures (1). Sodium hypochlorite (NaOCl) is today the most
common antimicrobial irrigation solution used for chemo-
mechanical preparation of root canals (2). However, this end-
odontic irrigant can evoke a cytotoxic response in contact
with periapical or oral mucosal tissues (3).

Ozone was used in root canal disinfection therapy to en-
hance the antimicrobial effect (2, 4, 5). Some researchers (2)
used the ozonated NaOCl solution, while others used ozon-
ated water (4, 6-9) and gaseous ozone (7-9). The antimicro-
bial effect of tested agent could be different regarding the or-
ganization of tested microorganisms: bacteria predominantly
grow as either plankronic cells which are unattached and live
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vezano i slobodno rastu u suspenziji ili mogu biti ugradeni
u biofilm) (8, 10).

Ozon, troatomna alotropska modifikacija kisika, snazan
je oksidans koji se moze proizvesti s pomocu razlicith vr-
sta ozonskog generatora. Nikola Tesla je 1896. godine pa-
tentirao prvi visokofrekvencijski generator ozona u SAD-u.
Visokofrekvencijski generator ozona Ozomytron (Biozonix,
Miinchen, Njemacka) koji je koristen u ovom istrazivanju,
radi na istom principu.

Ozon djeluje biokemijski na razlicite nacine: inaktivaci-
jom bakterija, virusa, gljivica, kvasaca i protozoa; poboljsa-
njem cirkulacije; stimuliranjem metabolizma kisika, stvara-
njem peroksida; razgradnjom malignih tumora, aktivacijom
imunosnog sustava (5).

Ozoniziranje NaOCl-a ¢ini ga jo$ ucinkovitijim oksidan-
som; ozon oksidira i unistava stani¢ne stijenke mikroorgani-
zama, ubrzava razlaganje te skratuje vrijeme potrebno za ru-
tinsko lijecenje korijenskoga kanala (2). Chang i suradnici
(11) koristili su se u endodontskoj terapiji ozonom stvorenim
u uredaju HealOzone. U svojoj metodi rada upotrijebili su
kombinaciju ozona i NaOCl-a tijekom kemijsko-mehanicke
dezinfekcije korijenskoga kanala. Ozon moze znatno pobolj-
Sati predvidivost lije¢enja korijenskoga kanala te skratiti vri-
jeme potrebno za provedbu zahvata (2).

Ozon je u¢inkovit ako se primjenjuje u dostatnoj kon-
centraciji i odredenom vremenu te pravilno primijeni nakon
provedene uobicajene metode ¢iséenja, Sirenja i ispiranja ko-
rijenskoga kanala (12).

Svtha ovog istrazivanja bila je ispitati iz vitro antimik-
robnu ucinkovitost ozona primijenjenog u inficiranim kori-
jenskim kanalima izvadenih zuba, a pritom se koristila po-
sebna KP brizgalica visokofrekvencijskoga generatora ozona
Ozonytron (Biozonix, Miinchen, Njemacka).

Materijal i metode

Priprema uzoraka zuba

Odabrano je cetrdeset i pet izvadenih jednokorijenskih
ljudskih zuba sli¢nih po veli¢ini i obliku (gornji sjekutiéi te
gornji i donji o¢njaci) koji su bili pohranjeni u sterilnoj izo-
toni¢noj fizioloskoj otopini. Zubi su ekstrahirani iz medicin-
skih razloga u nekoliko stomatoloskih ordinacija u Zagrebu,
Hrvatska. Njihovo koristenje za ovo istrazivanje odobrili su
pacijenti informiranim pristankom te 28. lipnja 2013. Istra-
zivatko eticko povjerenstvo. Nakon mehanickog ¢iséenja te
sterilizacije u Euroklavu 23 VS (Melag, Berlin, Njemacka) na
120 °C 1300 kPa, zubi su ponovno pohranjeni u sterilnu izo-
toni¢nu fiziolosku otopinu u uvjetima 100-postotne vlage i
na temperaturi od 37 °C.

Klinic¢ke krune uzoraka odrezane su, uz vodeno hladenje,
dijamantnim brusnim tijelom 7R-11 1§0199/016 (MANI,
INC., Utsunomiya, Tochigi, Japan) u podru¢ju caklinsko-ce-
mentnog spojista. Svi zubi nakon toga su prerezani 13 mm od
apeksa, kako bi se osiguralo da svi primjerci imaju jednaku
duljinu, te su ulozeni u akrilnu smolu Palavit G (Heraeus Kul-
zer GmbH, Wehrheim, Njemacka). Njihovi kanali obradeni

su ProTaper rotacijskom instrumentacijskom tehnikom kori-
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freely in suspension, or as microorganisms embedded in bio-
films (8, 10).

Ozone, which is an allotropic triatomic form of oxygen,
is a powerful oxidant that can be produced in various types
of ozone generators. In 1896, Nikola Tesla patented the first
high frequency ozone generator in the USA. The mode de-
vice of high frequency ozone generator Ozonytron (Biozon-
ix, Miinchen, Germany) that was used in this study is based
on Tesla’s principle.

Ozone acts biochemically in different ways. It inactivates
bacteria, viruses, fungi, yeast and protozoa. Ozone enhances
circulation, stimulates the oxygen metabolism and forms per-
oxides. It can dissolve malignant tumors and activate the im-
mune system (5).

After being ozonized, sodium hypochlorite (NaOCl) so-
lution becomes an even more effective oxidant. Ozone oxi-
dizes the cell walls of microorganisms and destroys them. It
speeds up the dissolution activity and reduces the time re-
quired for a routine root canal therapy (2). Chang et al. (11)
used ozone in a root canal treatment. It was delivered from
the HealOzone unit. They used a technique aimed to com-
bine ozone with NaOCI during chemo-mechanical root ca-
nal disinfection. Ozone dramatically improved the predict-
ability of root canal therapy. Moreover, the authors of the
study stated that ozone could shorten the time required for
treatment (2).

Ozone is effective when prescribed in sufficient concen-
tration, used for adequate time and delivered correctly into
root canals after the traditional cleaning, shaping and irriga-
tion has been completed (12).

The aim of this study was to evaluate iz vitro the antimi-
crobial efficacy of ozone delivered to infected root canals of
extracted teeth by special KP syringe of Ozonytron - a high
frequency ozone generator (Biozonix, Miinchen, Germany).

Material and methods

Preparation of samples

Forty-five extracted human single rooted teeth (upper in-
cisors and upper and lower canines) stored in sterile isotonic
saline solution were selected according to size and shape sim-
ilarities. Teeth have been extracted for medical reasons in sev-
eral dental offices in Zagreb, Croatia. Patients agreed to do-
nate their teeth for purposes of this experiment and genuine
informed consent was obtained from research participants af-
ter the decision of the Research Ethics Committee was made
on June 28", 2013. After mechanical cleaning, and sterilizing
in Euroklav 23 V-S (Melag, Berlin, Germany) at 120° C and
300 kPa, the teeth were stored again in a sterile isotonic sa-
line solution in atmosphere of 100% humidity and at 37° C.

Clinical crowns of the specimens were sectioned at the
cemento-enamel junction using a diamond bur TR-11
1SO199/016 (MANI, INC., Utsunomiya, Tochigi, Japan)
with water-cooling spray. All teeth were subsequently resect-
ed 13 mm in length from the apex to ensure that all speci-
mens have the same length and embedded in acrylic Pala-
vit G resin (Heraeus Kulzer GmbH, Wertheim, Germany).
Tooth canals were instrumented using the ProTaper rotary
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stenjem konvencionalnog slijeda (S1, SX, S1, S2, F1, F2, F3)
prema uputama proizvodaca pri 300 okretaja u minuti (Ma-
illefer, Ballaigues, Svicarska). Zubi su bili podijeljeni u jednu
ispitivanu skupinu (35 uzoraka) te dvije kontrolne (pozitiv-
nai negativna kontrolna skupina — u svakoj po pet uzoraka).

Tijekom ciscenja i progirivanja kanali su brizgalicom
(Becton Dickinson S.A., Huesca, Spanjolska) iiglom 27 (BD
Drogheda, Spanjolska) isprani s 2,0 mL sterilne fizioloske
otopine, izmedu svakog rotacijskog instrumenta. Nakon za-
vrsetka pripreme, 10 mL sterilne fizioloske otopine koriste-
no je za zavr$nu irigaciju. Zubi, zajedno sa svim plasti¢cnim
potrosnim materijalom, sterilizirani su u plazmatskom steri-
lizatoru (Sterrad 200, Johnson & Johnson, SAD) i svi dalj-
nji postupci provedeni su u aseptickim uvjetima u laminar-
noj struji zraka.

Test sterilnosti

Sterilnost uzoraka odredena je prije pocetka eksperimen-
ta. Korijenski kanali su brizgalicom (Becton Dickinson SA,
Huesca, Spanjolska) ispunjeni s 0,02 mL sterilnoga mozda-
no-sr¢anog bujona (MSB) (BBL Brain Heart infusion broth,
Becton Dickinson and Company, Sparks, SAD, Le Pont de
Cleux, Francuska). Otvori kanala zatvoreni su sterilnim pa-
rafinskim uljem (MDSS, Hannover, Njemacka) i prekriveni
sterilnim mikroskopskim pokrovnim stakalcem (Vitrognost,
cover glass, Biognost, Zagreb, Hrvatska) te je svaki uzorak
smjesten u plastiénu posudicu s 3 ml sterilnoga MSB-a. Pla-
sti¢ne posudice zatvorene su parafinskim uljem i inkubirane
(inkubator: Termo-Medicinski aparati, Dugo Selo, Zagreb,
Hrvatska) 24 sata pri temperaturi do 35 °C i u atmosferskim
uvjetima (13).

Nakon inkubacije sterilni pap1rnat1 Stapi¢ (ProTaper F,
Maillefer, Ballaigues, Svicarska) umoéen je 30 sekunda u ko-
rijenski kanal i uvaljan na krvni agar. Zatim je stavljan u 3 ml
sterilnog MSB-a na dodatnu 48-satnu inkubaciju na tempera-
turi od 35 °C. Nakon toga MSB je nanesen na krvni agar i in-
kubiran od 18 do 24 sata na 35 °C. MSB iz plasti¢nih posudi-
ca koji je prilegao uz uzorke takoder je inkubiran na krvnom
agaru od 18 do 48 sati na temperaturi od 35 °C. Svi kanali
i plasti¢ne posudice ostale su tijekom eksperimenta sterilne.

Mikroorganizmi

Mikroorganizmi koristeni u ispitivanju bili su: Entero-
coccus faecalis ATCC 29212 (LGC-ATCC, Wesel, Germany),
Staphylococcus aureus ATCC 25922 (LGC-ATCC, Wesel,
Germany), Staphylococcus epidermidis = Coagulase — negati-
ve staphylococcus (CNS) (organizam izoliran iz brisa usta). Lo-
garitamske faze rasta bakterija na krvnom agaru (Enserococcus
Jaecalis, Staphylococcus aureus, CNS) koritene su za pripre-
mu suspenzije.

Suspenzija je pripremljena u MSB-u s koncentracijom od
10® CFU-a (Colony Forming Units). Nakon vrtloznog mijesa-
nja (Techo Kartell, Noviglio, Italija) 0,01 ml svake suspenzi-
je inokuliran je kalibriranim nosa¢em na krvni agar (acrobna
inkubacija, 24 sata na 35 °C). Jednaki volumeni (1 ml) sus-
penzija pomijesani su kako bi se dobila kona¢na suspenzija
za inokulaciju.

Antimikrobni ucinak ozona .

instrumentation techniqu222e using conventional sequence
(81, SX, S1, S2, F1, F2, F3) according to the manufactur-
er’s instruction at 300 rpm (Maillefer, Ballaigues, Switzer-
land). The teeth were divided in one experimental group (35
teeth) and two control groups (positive and negative control
groups, five teeth each).

During cleaning and shaping, tooth canals were irrigated
with 2.0 mL of sterile saline solution between each reamer,
using a syringe (Becton Dickinson S.A., Huesca, Spain) and
a 27-gauge needle (BD Drogheda, Spain). After completion
of tooth preparation, all canals received a final irrigation with
10 ml sterile saline solution. The teeth were plasma sterilized
along with all plastic disposable material (Sterrad 200, John-
son &Johnson, USA) and all further manipulations were per-
formed aseptically in laminar flow.

Sterility testing

Before starting the experiment, sterility of the samples
was determined. Root canals were filled with 0.02 ml of ster-
ile Brain-Heart infusion broth (BH) (BBL Brain Heart infu-
sion broth, Becton Dickinson and Company, Sparks, USA,
Le Pont de Cleux, France) using syringe (Becton Dickinson
S.A., Huesca, Spain). Canal orifices were sealed with sterile
paraffin oil (MDSS, Hannover, Germany) and covered with
sterile microscope cover slide (Vitrognost, cover glass, Biog-
nost, Zagreb, Croatia) and each specimen was placed in plas-
tic tube containing 3 ml of sterile BHI. Plastic tubes were
sealed with paraffin oil and incubated (incubator: Termo-
medicinski aparati, Dugo Selo, Zagreb, Croatia) for 24 h at
35 °C under athmospheric conditions (13).

After incubation, a sterile paper point (ProTaper F,
Maillefer, Ballaigues, Switzerland) was dipped into the oot
canal for 30 seconds and rolled back and forth on a blood
agar. The paper point was subsequently placed in a 3 ml ster-
ile BH for further 48-hours incubation at 35 °C. After that,
BH was placed on a blood agar and incubated at 35 °C for
18-24 hours. Also, BH from plastic tubes adjacent to the
outer surface of specimen was incubated on a blood agar at
35 °C for 18-24 hours. All root canals and plastic dishes re-
mained sterile during testing.

Microorganisms
Microorganisms used in this study were: Enterococcus fae-

calis ATCC 29212 (LGC-ATCC, Wesel, Germany), Staphylo-
coccus aureus ATCC 25922 (LGC-ATCC, Wesel, Germany),
Staphylococcus epidermidis = Coagulase — negative staphylo-
coccus (CNS) (aerobic bacteria isolated from mouth swabs).
The log phase of bacteria grown on a blood agar plate (£7n-
terococcus faecalis, Staphylococcus aureus, CNS) were used for
suspension preparation. Suspension was prepared in Brain-
Heart Infusion Broth with concentration of 108 CFU (Colo-
ny Forming Units). After vortexation (Techo Kartell, Novi-
glio, Italy), 0.01 ml of each suspension was inoculated by
calibrated loop (aerobic incubation at 35° C for 24 hours)
on a blood agar. Equal volumes (1 ml) of suspensions were
mixed forming a final suspension for inoculation.
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Inokulacija bakterijske suspenzije

Mjesavina 0,02 ml bakterijske suspenzije unesena je briz-
galicom u korijenski kanal. Kanali su zapecaceni sterilnim
parafinskim uljem i pokriveni sterilnim mikroskopskim po-
krovnim stakalcem. Zubi su uronjeni u plasti¢ne posudice is-
punjene s 3 ml MSB-a. Plasti¢ne posudice zapecaéene su pa-
rafinskim uljem i inkubirane 24 sata na temperaturi od 35 °C
i u atmosferskim uvjetima.

Primjena ozona

Ozon je proizveden i primijenjen KP brizgalicom viso-
kofrekvencijskoga generatora ozona Ozonytron (Biozonix,
Miinchen, Njemacka). KP $trcaljka specifi¢na je vrsta brizga-
lice koja se sastoji od sredisnje postavljene staklene cijevi ispu-
njene plemenitim plinom i okruzene titanijskom mrezicom.
Ozon je proizveden od aspiriranoga atmosferskog zraka dielek-
tricnim barijernim izbojem u prostoru izmedu staklene cijevi
i titanijske mreZice (14). Prema navodu proizvodaca, KP $tr-
caljka sa spremnikom od 2,2 ml za proizvodnju ozona u kon-
centraciji od 525 ppm, pogodna je za dezinfekciju i obradu
korijenskih kanala. Tijekom potiskivanja ozonom obogacene
mjesavine zraka kroz nastavak na vrhu KP brizgalice u korijen-
skih kanal, staklena cijev ulazi u $uplji prostor klipa brizgalice.

Prije primjene ozona korijenski kanali osuseni su steril-
nim papirnatim Stapi¢ima (ProTaper F, Maillefer, Ballaigues,
Svicarska).

Kanali su tretirani ozonom s pomoc¢u KP brizgalice i igle
veli¢ine 27 (BD Drogheda, Spanjolska). KP brizgalica pripre-
mljena je za uporabu prema uputama proizvodaca, a instilaci-
ja je radena 5 sekunda brzinom ~ 0,4 ml/s.

Sezdeset sekundi nakon primjene ozona korijenski ka-
nali ponovno su brizgalicom ispunjeni s 0,02 ml sterilnoga

MSB-a.

Mikrobioloska ispitivanja

Mikrobioloska ispitivanja provedena su neposredno na-
kon primjene ozona uzimanjem uzorka sterilnim papirnatim
Stapi¢em (ProTaper F2, Maillefer, Ballaigues, Svicarska) ko-
ji je umocen u MSB u korijenskom kanalu te uklonjen po-
slije 30 sekunda.

Nakon toga papirnati Stapi¢ uronjen je u MSB i inakdi-
vacijski agens SCDLP (pepton, natrijev klorid, kalijev dihi-
drogenfosfat, glukoza, lecitin, polisorbat 80, voda, pH nakon
sterilizacije 7,2), medij u skladu s ISO 20743:2007 (E). Na-
kon vrtloznog mijesanja papirnati Stapi¢ je uklonjen i 2 ml
ekstrahirane tekuéine razrijedeno je u log" koracima s MSB
+ inaktivacijski agens. Kona¢no je 0,1 ml otopine razrijede-
ne od 10" do 10 nanesen sterilnom pipetom na krvni agar.

Hranjive podloge krvnog agara inkubirane su 24 sata na
temperaturi do 35 °C. Osim toga, MSB iz plasti¢nih posudi-
ca koji je bio u doticaju s vanjskom povrsinom uzorka, inku-
biran je od 18 do 24 sata na 35° C. Tijekom ispitivanja pla-
sti¢ne posudice ostale su sterilne.

Kolonije narasle na hranjivoj podlozi identificirane su
standardnim testovima ispitivanja u mikrobiologiji (testovi:
katalaze, DNK-ze, koagulaze, bile aesculin).

Usporedo s inokulacijom kanala, u svakom eksperimentu
obavljena je kontrola rasta i koncentracije bakterija. Eksperi-
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Preparation of the bacterial suspension and
inoculation

A total of 0.02 ml of bacterial suspension was inserted
into root canals by syringe. The root canals were sealed with
sterile paraffin oil and covered with sterile microscopic cov-
er slide. Subsequently, the teeth were submerged into 3 ml of
BH broth in plastic tubes. The plastic tubes were sealed with
paraffin oil and incubated for 24 h at 35 °C under atmo-
spheric conditions.

Ozone gas delivery

Ozone was generated and applied by special KP syringe
of high frequency ozone generator Ozonytron (Biozonix,
Miinchen, Germany). KP syringe is a specific type of syringe
that contains a centrally positioned simple glass tube filled
with noble gas surrounded with titanium mash. Ozone was
generated from aspirated atmospheric air by dielectric barrier
discharge in space between the glass tube and titanium mash
(14). According to the manufacturer, KP syringe contains a
reservoir of 2.2 ml for ozone production in concentration of
525 ppm and is suitable for disinfection and treatment of root
canals. A glass tube slides inside the hollow plunger during the
process of instillation thus pushing the ozone enriched air mix-
ture through the tip of the syringe into a prepared root canal.

Before being ozonized, root canals were dried using sterile
paper point (ProTaper F, Maillefer, Ballaigues, Switzerland).

The root canals were ozonized using a KP syringe and a
27-gauge needle (BD Drogheda, Spain). KP syringe was pre-
pared for application according to the manufacturer’s recom-
mendation and applied for 5 seconds at the speed of ~ 0.4
ml/sec.

Sixty seconds after the ozone application, the root canals
were refilled with 0.02 ml of sterile BH using syringe.

Microbiological examinations

After ozonation, a microbiological examination was per-
formed using sterile paper point (ProTaper Fz) Maillefer, Bal-
laigues, Switzerland) which was dipped into BH inside the
root canal and removed after 30 seconds. Subsequently, the
paper point was dipped in BH + inactivating agent SCDLP
medium (Peptone, sodium chloride, Potassium dihydrogen
phosphate, glucose, Lecithin, Polysorbate 80, water, pH after
sterilization 7,2) according to the industrial standard meth-
od ISO 20743:2007(E). After vortexation, the paper point
was removed and two ml of extracted fluid were diluted in
log 10 steps with BH + inactivating agent. 0.1 ml of the so-
lution diluted up to 10 ' to 10 “was applied to a blood agar
with sterile pipette.

Blood agar plates were incubated for 24 h at 35 °C. Sub-
sequently, the BH from plastic tubes adjacent to the outer
surface of a specimen was incubated on a blood agar at 35
°C for 18-24 hours. All plastic dishes remained sterile dur-
ing testing.

The colonies grown on plates were identified using stan-
dard microbiology testing (bile esculine, catalase, DNA-ase,
coagulase testing).

The control of bacterial growth was performed along with
the control of concentration in each experiment in parallel
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mentalni uzorci, zajedno sa svim plastiénim potro$nim ma-
terijalom, sterilizirani su plazmom izmedu ciklusa i testirani
na sterilnost na prije opisan nacin. Prebrojavanje mikroorga-
nizama obavljeno je pri razrjedenju koje sadrzava od 30 do
200 kolonija, a koncentracije su izrazene kao log'’ (CFU +1).

Kontrolne skupine

Deset uzoraka u kontrolnim skupinama (pet u pozitiv-
noj i pet u negativnoj) pripremljeno je i inokulirano mikro-
organizmima na isti nacin kao i uzorci u ispitivanoj skupi-
ni. U negativnoj kontrolnoj skupini uzorci nisu bili tretirani.
Korijenski kanali u pozitivnoj kontrolnoj skupini irigirani su
5 minuta s 2,0 mL 2,5 % v/v NaOCl-a (8). Mjerenje rasta i
koncentracije bakterija provedeno je kao i kod ispitivane sku-
pine.

Statisti¢ka analiza

Statiticka analiza obavljena je u programu PASW Stati-
stics 17.0. Prema Kolmogorov-Smirnovljevu testu, varijable
logaritamskih vrijednosti mikroorganizama prije djelovanja,
te logaritamske vrijednosti redukcije mikroorganizama na-
kon toga, nisu pokazale normalnu distribuciju (p < 0,005).

Rezultati

Analiza ukupne redukcije mikroorganizama

Primjena ozona KP brizgalicom pokazala je statisti¢-
ki znacajnu redukciju broja mikroorganizama — 7,45 + 1,38
(89,3 %), (p = 0,0001) u usporedi s njihovim pocetnim bro-
jem. U pozitivnoj kontrolnoj skupini ukupan broj mikro-
organizama takoder je bio statisticki znac¢ajno manji, no ne
100-postotno (68,7 %). U negativnoj kontrolnoj skupini
broj mikroorganizama ostao je nepromijenjen.

Analiza prema vrsti mikroorganizma

Redukcija svakoga ispitivanog mikroorganizma statisti¢-
ki je bila znacajna u usporedbi s po¢etnom vrijednoséu (p =
0,0001) (tablica 1.).

U pozitivnoj kontrolnoj skupini redukcija broja pojedi-
nih mikroorganizama statisticki je bila znacajna u usporedbi
s njihovim pocetnim brojem, no ne 100-postotna (Staphylo-
coccus aureus — 77,0 %, Staphyococcus epidermidis — 53,5 % i
Enterococcus faecalis — 62,5 %).

Kad je rije¢ o broju Staphylococcus aureus i Staphyococcus
epidermidis, izmedu pozitivne kontrolne skupine i ispitivane
skupine nakon primjene ozona, zabiljezen je znacajno manji
broj prezivjelih mikroorganizama u ispitivanoj skupini.

Nije bilo znacajne razlike u broju mikroorganizma Ente-
rococcus faecalis izmedu pozitivne kontrolne skupine (2,5 %
NaOCl) i ispitivane skupine.

Kad je rijec o sterilnim uzorcima, nakon primjene ozona
stvorenog KP brizgalicom sterilizirano je 20 % uzoraka kon-
taminiranih Enterococcus faecalis, 71 % uzoraka kontamini-
ranih Staphyloccocus aureus i 77 % uzoraka kontaminiranih
Staphyloccocus epidermidis (tablica 2.) .
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with inoculation of canals. Experimental specimens were
plasma sterilized between cycles along with all plastic dispos-
able material. All sterility testing assays were performed as
described above in the text. The enumeration of microorgan-
isms was performed in dilution containing 30-200 colonies,
and concentration counts were expressed as log'’ (CFU +1).

Control groups

Ten specimens in control groups (five in the positive
control group and five in the negative control group) were
prepared and inoculated with microorganisms in the same
manner as those belonging to the experimental group. The
specimens in the negative control group were not treated at
all. The root canals in the positive control group were irrigat-
ed with 2.0 mL of 2.5% v/v NaOCI for 5 minutes (8). The
measurement of bacterial growth was performed, as well as
the measurement of concentration, in the same manner as in
the experimental group.

Statistical analysis

Statistical analysis was performed using PASW Statistics
17.0. According to Kolmogorov-Smirnov test, the variables
of log values of microorganisms before and after the treat-
ment and log values of reduction of microorganisms were not

normally distributed (p<0,005).

Results

Analysis regarding a total reduction of microorganisms

KP syringe mode of ozone application showed a statis-
tically significant reduction in a total number of microor-
ganisms 745+1.38 (89.3%), (p=0.0001), compared to the
baseline number of microorganisms. In the positive control
group, the reduction of total number of microorganisms was
also statistically significant but it was not 100% (68.7%). In
the negative control group, the number of microorganisms
remained unchanged.

Analysis regarding the type of microorganisms:

Reduction of each tested microorganism was statistically
significant regarding the baseline value (p=0.0001) (Table 1).

In the positive control groups, the reduction of the num-
ber of each microorganism was statistically significant regard-
ing the baseline count, but it was not 100% (Staphylococcus
aureus 77.0%, Staphylococcus epidermidis 53.5% and Entero-
coccus faecalis 62.5%).

Regarding the number of Staphylococcus aureus, and the
number of Staphylococcus epidermidis, there were significant-
ly less surviving microorganisms in experimental groups after
ozonization compared to the positive controls.

After ozonization, there was no difference in the number
of Enterococcus faecalis between the positive control (2.5%
NaOCl) and the experimental group.

Regarding the number of sterile specimens, 20 % spec-
imens were contaminated with Enterococcus faecalis, 71%
specimens with Staphyloccocus aureus and 77% specimens
were contaminated with Staphyloccocus epidermidis after
ozonization (Table 2).
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Tablica 1. Srednje vrijednosti redukcije Staphylococcus aureus, Staphyococcus epidermidis i Enterococcus faecalis pri primjeni ozona KP

Strcaljkom
Table 1
ozone application
Staphyococcus aureus
] Redukcija mikroorganizama ¢
J opRnoEEy Staphylococcus aureus

microorganisms reduction

KP $trcaljka u korijenskom kanalu
KP syringe inside canal

7.87+0.98 (94.0%)

Mean values of Staphylococcus aureus, Staphylococcus epidermidis and Enterococcus faecalis reduction for KP syringe mode of

Staphyococcus epidermidis Enterococcus faecalis
Redukcija mikroorganizama Redukcija mikroorganizama
Staphylococcus epidermidis Enterococcus faecalis

microorganisms reduction microorganisms reduction

7.97+0.88 (88.6%) 6.74£1.10 (79.7%)

Tablica 2. Sterilizacijski ucinak pri primjeni KP strcaljke
Table2  Sterilizing specimens by KP probe

Mikroorganizmi ® Microorganisms

Broj ispitanih uzoraka ®
Number of tested specimens

Broj steriliziranih uzoraka (%) ®
Number of sterilized specimens (%)

Enterococcus faecalis 35 7 (20%)
Staphyloccocus aureus 35 25 (71%)
Staphyloccocus epidermidis 35 27 (77%)
Rasprava Discussion

U studiji in vitro procijenjena je antimikrobna ucinkovi-
tost ozona proizvedenoga KP brizgalicom uredaja Ozonytron
(Biozonix, Miinchen, Njemacka) u suspenziji s trima razlici-
tim vrstama mikroorganizama (Enterococcus faecalis, Staphylo-
coccus aureus, Staphyloccocus epidermidis) kojom su inficirani
korijenski kanali izvadenih zuba.

Nekoliko studija, u novijoj literaturi, bavi se u¢incima ra-
zli¢itih oblika primjene ozona na patoloske mikroorganizme
zastupljene u endodonciji, ukljucujuéi i najée$éi Enterococcus
faecalis (15 — 18). Enterococcus faecalis, gram-pozitivni fakul-
tativni anaerob, posebno je zanimljiv kao jedan od najces¢ih
mikroorganizama prisutan u slucajevima revizije. Ta bakteri-
ja moze opstati kao monoinfekcija u 33 % slucajeva i vrlo je
otporna na djelovanje kalcijeva hidroksida (19 - 20). Njezina
uloga u neuspjehu lijecenja korijenskih kanala, ali i postoje-
¢ih koncepata terapije dobro je proucena (21 —24).

Wilczifiska-Borawska i suradnici (18) ispitali su primje-
nu ozona s pomocu elektri¢nih izboja staklenih elektroda
(istog proizvodaca), primjenjuju¢i modalitet razlicit od na-
¢ina u ovom istrazivanju. U njihovu radu prvi je modalitet
bio kontinuirano stvaranje ozona u plinovitoj fazi, a drugi
stvaranje ozona u plinovitoj fazi kratkotrajnim pulsnim in-
tervalima sa stankama izmedu njih. Autori su zabiljezili anti-
mikrobni u¢inak na bakeerijske vrste izolirane iz usne Suplji-
ne (izmedu ostalih Enterococcus faecalis, Staphylococcus aureus
i Staphylococcus epidermidis). Nasi rezultati takoder potvrduju
antimikrobi u¢inak ozona proizvedenog KP Strcaljkom ure-
daja Ozonytron na Enterococcus faecalis, Staphylococcus aureus
i Staphylococcus epidermidis. Novije studije (15, 16) potvrdi-
le su antimikrobni u¢inak ozona na Enterococcus faecalis, no
potpuna sterilizacija nije postignuta.

Sli¢ne rezultate objavili su Eik i suradnici (25). Oni su
ispitivali u¢inke ozona na patoloske mikroorganizme u po-
druc¢ju parodonta te zabiljezili da su Cetiri potencijalne su-
perinfektivne vrste (Staphylococus aureus, Enterococcus faecalis,
Enterobacter cloacae i Candida albicans) djelomicno prezivje-

le.

In this in vitro study, the antimicrobial efficacy of ozone,
generated in KP syringe by Ozonytron unit (Biozonix,
Miinchen, Germany), was evaluated in a mixed suspension of
three different species of microorganisms found in the infect-
ed root canals of extracted teeth: Enterococcus faecalis, Staphy-
lococcus aureus, Staphylococcus epidermidis.

In recent time, there have been several studies reported
in the literature dealing with the effect of different modes
of ozone therapy on endodontic pathogens, including the
most prevalent species Enterococcus faecalis (15-18). Entero-
coccus faecalis, a gram-positive facultative anaerobe, is of par-
ticular interest since it is the most prevalent bacterial species
found in retreatment cases. Enterococcus faecalis can survive as
monoinfection in 33% of cases and is quite resistant to cal-
cium hydroxide (19-20). Its role in root canal treatment fail-
ures is well studied along with the current concepts of treat-
ment (21-24).

Wilczifiska-Borawska et al. (18) tested the application of
ozone through electrical discharge of a glass probe (using a
selected probe supplied by a manufacturer). The researchers
used the modes which were different from the modes used
in this study. In their study, the first mode was a continu-
ous application of ozone gas and the second mode was ozone
application through short-lasting pulses, retaining intervals
for consecutive exposure. The authors have documented an-
timicrobial activity against several strains of bacteria isolat-
ed from the oral cavity such as Enterococcus faecalis, Staphylo-
coccus aureus and Staphylococcus epidermidis. Our results also
confirmed the antimicrobial effect of ozone produced by KP
syringe of Ozonytron device on Enterococcus faecalis, Staph-
ylococcus aureus and Staphylococcus epidermidis. Some recent
studies (15, 16) confirmed the antimicrobial effect of ozone
gas on Enterococcus faecalis; however, a complete sterilization
was not achieved.

Similar results were obtained by Eik et al. (25). They
studied the effect of ozone on periodontopathogenic spe-
cies and noticed that four potentially , superinfecting“species,
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Case i suradnici (15) reducirali su nakon dvominutnog
izlaganja ozonu CFU Entrococcus faecalis u biofilmu na 71,6
% u usporedbi kontrolnom skupinom.

U nasem ispitivanju ozon stvoren primjenom KP-§trcalj-
ke pokazao je u¢inkovitiji antimikrobni u¢inak na mikroor-
ganizme Staphyloccocus aureus i Staphyloccocus epidermidis,
steriliziraju¢i 71 1 77 % ispitivanih uzoraka, u usporedbi s 20
% steriliziranih uzoraka u skupini Entrococcus faecalis. U na-
soj studiji koristena KP brizgalica stvara koncentraciju ozo-
na od 525 ppm. Schneider (26) navodi da koncentracije ozo-
na izmedu 300 i 800 ppm koje proizvodi uredaj Ozonytron
imaju baktericidan u¢inak jer je letalna granica koncentracije
ozona za bakterije 296 ppm.

U studiji Hemsa i suradnika (8), ispitana je antimikrob-
na ucinkovitost ozona (proizvedenog stolnim, po narudzbi
izradenim generatorom) na Enterococcus faecalis u obliku sus-
penzije te unutar biofilma. Ozon je antimikrobno djelovao
na Enterococcus faecalis u suspenziji, no vtlo slab ucinak po-
stignut je u biofilmu. Lynch (28) i Huth sa suradnicima (9)
navode da su se Hems i suradnici (8) koristili ekstremno ma-
lim koncentracijama ozona u svojim eksperimentima (kon-
centracije ozona koje se spominju u njihovu radu bile su sa-
mo 0,68 ppm).

Huth i suradnici (9) u svojoj su studiji procijenili anti-
mikrobne u¢inke vodene otopine (1,25 — 20 pg/mL) i pli-
novitog ozona (1 — 53 g/m®) na endodontske patogene (En-
terococcus faecalis, Candida albicans, Peptostreptococcus micros
i Pseudomonas aeruginosa) u modelima suspenzije i biofilma.
Koncentracije plinovitog ozona do najnize od 1g/m’ (gotovo
potpuno), te vodene otopine do najnize od 5 pg/mL (potpu-
no), isto kao i NaOCl-a i klorheksidina, eliminirale su mikro-
organizme u suspenziji. Vodikov peroksid i vodene otopine
ozona s nizim koncentracijama ozona bile su manje u¢inko-
vite. Ucinkovitost vodene otopine ozona i plinovitog ozona u
uklanjanju bakterija u biofilmu ovisila je o dozi i vrsti bakteri-
ja. Bez obzira na razlicite eksperimentne modele, rezultati ove
studije u skladu su s njihovima kad je rije¢ o ovisnosti, anti-
mikrobnom u¢inku ozona, o dozi i vrsti bakterija. U nasoj
studiji primijenjen je samo jedan volumni sadrzaj KP brizga-
lice (2,2 ml). Opetovanim ubrizgavanjem navedene koli¢ine
u KP $trealjku vjerojatno bi se mogao postici intenzivniji an-
timikrobni u¢inak. Kaptan i suradnici (16) navode pozitiv-
ne u¢inke topikalne primjene plinovitog ozona u ponovlje-
nim dozama pri eliminaciji Enterococcus faecalis u biofilmu
korijenskih kanala te pojacani antimikrobni u¢inak u slu¢aju
kombinacije ozona s 2-postotnim NaOCl-om. Terapija ozo-
nom moze se primijeniti kao primarna ili kao potpora dru-
gim vrstama lije¢enja (29). Primjena ozona tijekom kemij-
sko-mehanickog ¢is¢enja korijenskoga kanala i nakon toga
postupka, te primjena ultrazvu¢nih uredaja i lasera, svrho-
vita je metoda za poboljsanje uspjesnosti endodontskog po-
stupka (30, 31).

Moguénost ozona stvorenoga KP brizgalicom uredaja
Ozonytron, kao i NaOCl, znacajno reducira broj mikroorga-
nizama Enterococcus faecalis i drugih dviju ispitivanih bakteri-
ja i od klinicke je vaznosti. No, nuzna su daljnja istrazivanja
radi odredivanja optimalne doze i optimalnog vremena djelo-
vanja. Podatci iz pregledane literature o najprikladnijem tra-
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Staphylococcus aureus, Enterococcus faecalis, Enterobacter cloa-
cae and Candida albicans, can survive for at least part of their
life cycle.

Case et al. (15) reported that exposure to O3-enriched
air for a total period of 2 min resulted in a 71.6% reduction
in viable CFU of Enterococcus faecalis in biofilm as compared
with the control group.

In our study, KP syringe was more effective in killing
Staphylococcus aureus and Staphylococcus epidermidis, steriliz-
ing 71% and 77% of tested specimens, compared to 20%
sterilized specimens in the Enterococcus faecalis group. In our
study, the concentration of ozone produced by KP syringe
was 525 ppm. Schneider (26) reported that concentration of
ozone ranging between 300 and 800 ppm produced by Ozo-
nytron device has bactericidal effects because the lethal bor-
der of the ozone concentration for bacteria is 296 ppm.

Another study performed by Hems et al. (8) tested the
antibacterial efficacy of ozone, produced by custom-made
bench generator, against Enterococcus faecalis in both broth
and biofilm cultures. Ozone had an antibacterial effect on
Enterococcus faecalis suspended in fluid, but a relatively low
effect when embedded in biofilms. Lynch (28) and Huth et
al. (9) stated that Hems et al. (8) used an extremely low dose
of ozone in their experiments (concentration of ozone in wa-
ter mentioned in their paper was only 0.68 ppm).

Huth et al. (9) assessed the antimicrobial efficacy of aque-
ous (1.25-20 pg mL") and gaseous ozone (1-53 g m”) against
endodontic pathogens Enterococcus faecalis, Candida albicans,
Peptostreptococcus micros and Pseudomonas aeruginosa in sus-
pension and in a biofilm model. Concentrations of gaseous
ozone down to 1 g m* almost and aqueous ozone down to 5
pg mL" completely eliminated the suspended microorgan-
isms as did NaOCI and chlorhexidine. Hydrogen peroxide
and lower aqueous ozone concentrations were less effective.
Aqueous and gaseous ozone were dose- and strain-depend-
ently effective against the biofilm microorganisms. Although
our experiments were different from those made by Huth et
al., the results of this study are in agreement with their results
regarding the dose- and strain-dependence of ozone antimi-
crobial activity. In our study, only one KP syringe dose was
applied (2.2ml). It is most likely that better antimicrobial ef-
ficacy could be achieved by establishing the optimal dosage
of ozone by KP syringe. Kaptan et al. (16) reported positive
effects of topical gaseous ozone in recurrent doses in eradica-
tion of Enterococcus faecalis biofilm from the root canals. They
noticed that ozone had a greater antimicrobial effect if com-
bined with 2% NaOCI. Ozone therapy can be utilized as pri-
mary therapy or to support other types of therapies (29). The
use of ozone during and after chemo-mechanical treatment,
as well as the application of ultrasonic devices and laser, can
result in a purposeful method of improving the success of
endodontic procedure (30, 31).

Ability of ozone generated by KP syringe of Ozonytron
unit, as well as NaOCl, to significantly reduce number of Ez-
terococcus faecalis and two other tested bacteria, is of clinical
importance. However, further effort should be made in or-
der to evaluate optimal doses of ozone and an optimal time
exposure. Inconsistent data on the most adequate time of
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janju primjene i primijenjenim koncentracijama u eliminaci-
ji patoloskih mikroorganizama u endodonciji, nisu dosljedni.

Zaklju¢no, primjena ozona stvorenoga KP brizgalicom
uredaja Ozonytron znacajno je smanjila ukupan broj mikroor-
ganizama te broj svake vrste bakterija. KP brizgalica statistic-
ki je znacajno ucinkovitija, u usporedbi s NaOCl-om kao po-
zitivnom kontrolnom skupinom, kad je rije¢ o Staphyloccocus
aureus i Staphyloccocus epidermidis. Ukupan broj Enterococcus
faecalis statisticki je smanjen, no bez znadajne statisticke ra-
zlike izmedu ispitivane i pozitivne kontrolne skupine. Izme-
du triju vrsta bakterija u suspenziji, KP brizgalica najslabije je
djelovala na Enterococcus faecalss.
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Abstract

Aim:The aim of this study was to evaluate in vitro the antibacterial effect of ozone on suspension of
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ozone application and concentration to use against endodon-
tic pathogens have been proposed in the literature.

In conclusion, the application of ozone by KP syringe of
Ozonytron unit significantly decreases the absolute count of
microorganisms, as well as the count of each type of bacte-
ria separately. KP probe was statistically more effective com-
pared to NaOCl as positive control for Staphylococcus aureus
and Staphylococcus epidermidis. The absolute count of Entero-
coccus faecalis was decreased without statistically significant
difference among the tested groups and the positive control,
respectively. Among the three types of bacteria in suspension,
KP probe had the lowest effect on Enterococcus faecalis.
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three different bacteria inoculated in prepared canals of extracted human teeth. Material and meth-

ods: Ozone was produced by special KP syringe of high frequency ozone generator Ozonytron (Biozo-
nix, Miinchen, Germany) from aspirated atmospheric air by dielectric barrier discharge and applied
through the tip of the syringe to the prepared root canal. The microorganisms used were Enterococ-
cus faecalis, Staphylococcus aureus and Staphylococcus epidermidis. Results: However, none of the
methods was 100% effective against the three bacterial types in suspension. Application of ozone
significantly decreased the absolute count of microorganisms (89.3%), as well as the count of each
type of bacteria separately (Staphylococcus aureus 94.0 %; Staphylococcus epidermidis 88.6% and
Enterococcus faecalis 79.7%). Ozone generated by KP syringe was statistically more effective com-
pared to NaOCl as positive control, for Staphylococcus aureus and Staphylococcus epidermidis. Con-
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clusion: The absolute count of Enterococcus faecalis was statistically decreased without a statisti-

cally significant difference between the tested group and positive control, respectively. Among the
three types of bacteria in suspension, KP probe had the lowest antimicrobial effect against Entero-

coccus faecalis.
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