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Sazetak

Svrha: Ovim se radom Zeljela procijeniti koli¢ina aerobnih, anaerobnih i ukupnog broja bakterij-
skih kolonija nakon kemijsko-mehanicke obrade korijenskog kanala te dodatne obrade i dezin-
fekcije ozonom. Materijali i metode: U ovom istrazivanju sudjelovala su dvadeset i tri pacijenta s
periapikalnom lezijom (<5 mm) zabiljezenom na retroalveolarnoj rendgenskoj slici i koristen je isti
broj jednokorijenskih zuba (n=23). Za mikrobiolosku analizu uzeta su tri brisa — neposredno pri-
je (B1) mehanicke instrumentacije i irigacije 2,5-postotnom otopinom natrijeva hipoklorita i po-
slije toga postupka (B2) te nakon kemijsko-mehanicke obrade i dodatnog tretmana korijenskog
kanala ozonom (B3). Brisevi su uzeti sterilnim papirnatim Stapicima, bakterije su kultivirane, a
rezultati su interpretirani nakon 14 dana koristeci se sustavom API 20A. Podaci su analizirani te-
stom Wilcoxon Signed Rank. Rezultati: Razlike izmedu skupina B1i B2, B1i B3, B2 i B3 za sve tri
skupine bakterija: aerobne i anaerobne bakterije te ukupan broj bakterija bili su statisti¢ki zna-
¢ajni (p<0,05). Zaklju¢ak: Obje metode imale su dobar ucinak i smanjile su broj bakterija prisut-
nih u korijenskom kanalu. Dodatnim tretmanom ozonom, nakon kemijsko-mehanicke obrade, jo$
se smanjio broj aerobnih i anaerobnim bakterija, u usporedbi s mjerenjima neposredno prije ke-
mijsko-mehanicke obrade i nakon nje. Kako bi se smanjio i reducirao broj bakterija, u svakodnev-
noj se uporabi u klinickoj praksi preporucuje dodatna primjena ozona kao dezinfekcijskog sred-

Zaprimljen: 17. prosinac 2012.
Prihvacen: 16. oZujka 2013.

Adresa za dopisivanje

Eva Klari¢, dr. med. dent.

Sveuciliste u Zagrebu

Stomatoloski fakultet

Zavod za endodonciju i restaurativnu
dentalnu medicinu

Gunduliceva 5, 10000 Zagreb, Hrvatska
tel: +38514899203

eklaric@sfzg.hr

Kljuéne rijeci
antimikrobna sredstva; korijenski kanal,

stva u korijenskom kanalu.

tretiranje; ozon; dezinfekcija

Uvod

Utinak mikroorganizama tijekom nastanka pulpnih i pa-
rodontnih bolesti odavno je poznat i dokumentiran. Vazno
je istaknuti da mikroorganizmi u korijenskom kanalu mogu
rasti ne samo kao planktonske stanice ili u nakupinama (koa-
gregati), nego mogu stvarati biofilmove koji se sastoje od slo-
zenih nakupina razli¢itih mikroorganizama. Bakterije u kori-
jenski kanal mogu dospjeti iz inficiranog pulpnog tkiva istog
ili susjednog kanala i to su najées¢e one koje su prezivjele
instrumentaciju i irigaciju tijekom endodontskog tretmana
(1). Druga je mogu¢nost da su se naselile u korijenski ka-
nal iz usne $upljine zbog neadekvatno osiguranog suhog rad-
nog polja tijekom instrumentacije i irigacije, ili zbog nepot-
pune i neadekvatne posteendodontske opskrbe zuba koja ne
osigurava hermeticko brtvljenje zbog koronarnog propusta-
nja (2,3). Velik je problem takoder to $to nakon mehanicke i
kemijske obrade korijenskih kanala i uporabe intrakanalnih
medikamenata i ulozaka izmedu posjeta stomatologu, ostaju
netretirana velika podru¢ja korijenskog kanala (4).

Primarnu infekciju korijenskih kanala uzrokuje mjeso-
vita flora s predominantnim gram-pozitivnim aerobima.
Glavni uzro¢nici sekundarne infekcije su Enterococus faeca-
lis, Candida albicans i Actinomices israeli. Da bi endodontski
zahvat bio uspjesan, moraju se potpuno ukloniti svi mikro-
organizmi iz endodontskog prostora, sprjecavaju¢i tako pri-
marnu i sekundarnu infekciju korijenskih kanala, $to je vr-

Introduction

Influence of microorganisms on the formation of pulpal
and periodontal disease is well known and documented. An
important fact is that microbes in the root canals can grow
not only as planctonic cells or in aggregates, co-aggregates,
but they can also form biofilms consisting of a complex net-
work of different microorganisms. Bacteria in the root canal
may be derived from the infected pulp tissue of the same or
adjacent canal that survived instrumentation and irrigation
during endodontic treatment (1). Another possibility is that
they are inhabited by microorganisms from the oral cavity
due to inadequate control of dry working field during instru-
mentation and irrigation or because of the insufficient resto-
rations made after endodontic treatment that do not provide
a hermetic seal which occurs due to coronary failure (2, 3).
Also, another major concern is that after using mechanical
instrumentation and disinfecting solutions for irrigation or
intracanal medicaments between appointments, large areas
of the root canal system remained untouched (4).

The primary infection is caused by a mixed flora with pre-
dominant gram-positive anaerobic rod. The most important
causes of secondary infection are Enterococus faecalis, Candida
albicans and Actinomices Israeli. Successful endodontic ther-
apy involves complete removal of all microorganisms from
the endodontic space, preventing both primary and second-
ary infection of root canals, which is very difficult to achieve.
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lo tesko postiéi u cijelosti. Ishod endodontskog zahvata tako
ovisi o vrsti i broju zaostalih mikroorganizama (5). Najces¢e
rabljeno sredstvo za dezinfekciju i irigaciju korijenskih kana-
la jest natrijev hipoklorit (NaOCI). On zbog svojih dezinfek-
cijskih svojstava i zato $to otapa organske tvari, omogucuje
kemijsku instrumentaciju korijenskog kanala s posebnim na-
glaskom na lateralne i akcesorne kanali¢e koji se mehani¢-
kom instrumentacijom ne mogu obraditi. Nedostatak toga
sredstva je potencijalna toksi¢nost i velika povrsinska nape-
tost koja smanjuje mogu¢nost ulaska u nepravilnosti kanala i
dentinskih tubulusa (6). Smanjuje i elasti¢nost dentina te ga
¢ini podloznijim frakturama (7). Istaknimo da se klorheksi-
din pokazao kao vrlo u¢inkovito sredstvo za dezinfekciju ko-
rijenskih kanala, a takoder bolje djeluje na bakteriju Candi-
da albicans nego natrijev hipoklorit (8). Utinak 2-postotnog
klorheksidina na Enterococus faecalis dokazan je u uvjetima
in vitro i in vivo (9,10). Glavni mu je nedostatak to $to lo-
$e uklanja organske tvari (11), $to smanjuje njegovu sposob-
nost ¢is¢enja i uklanjanja debrisa iz korijenskog kanala (12).
Kalcijev hidroksid pokazao se kao vrlo u¢inkovito sredstvo za
dezinfekciju endodontskog prostora izmedu dvaju posjeta li-
je¢niku. Glavna mu je prednost, kao intrakanalnog medika-
mentnog uloska, visoka alkali¢nost (pH 12) koju mikroorga-
nizmi u endodontskom prostoru ne mogu prezivjeti (12).

Irigansi se u korijenski kanal uglavnom unose $pricom
i iglom (13). Njihov potpuni kontake sa zidom korijenskog
kanala onemoguden je jer se glavnina irigansa usmjerava kroz
vth igle i to samo sredinom kanala, ali i zbog velike povr-
sinske napetosti otopine natrijeva hipoklorita (14,15). Zato
su danas razvijene mnogobrojne tehnike irigacije korijenskih
kanala, kao $to je dezinfekcija foto-aktivacijom (16), akeiv-
na irigacija kanala (17,18), primjena lasera u kanalima (19) i
uredaji koji generiraju plazmu ili ozon (20, 21, 22).

Ozon (O,) snaino je i ucinkovito antimikrobno sred-
stvo. To je plavi plin koji ima tri vodikova atoma, nestabi-
lan je i toksic¢an, iritira diSne puteve i vrlo je reaktivan. Sna-
zan je oksidiraju¢i agens (23) i rabi se za suzbijanje bakterija
pri proizvodnji pitke vode (22). U mnogobrojnim studija-
ma dobiveni su zanimljivi rezultati kada se ozonom tretira-
na voda koristila u stomatoloskim radnim jedinicama (24).
HealOzone (KaVo, Biberach, Njemacka) sustav je osloba-
danja (generiranja) ozona iz atmosferskog kisika koji se su-
stavom cjev¢ica dovodi do sterilne silikonske kapice tj. na
mjesto terapijske primjene. Ozon koji izlazi iz uredaja ima te-
rapijsku vrijednost u koncentraciji od 4494 mg/m?, odnosno
2100 ppm, a sterilna kapica, osim $to stvara vakuum, sluzi
kao barijera koja sprjecava otpustanje ozona u okolicu. Ozon
se u toj jednokratnoj kapici rashladuje brzinom od 615 cc/
minuti, mijenjajuci volumen plina unutar kapice vise od 300
puta u svakoj sekundi. U usporedbi s ostalim, ¢esto primje-
njivanim antisepticima, ozon ostvaruje jaci u¢inak i istodob-
no potice tkiva na cijeljenje i regeneraciju. Primjenjuje se u
terapiji karijesnih lezija (25,26), u endodontskoj terapiji za
redukciju mikrobne flore korijenskog kanala i ne djeluje ne-
gativno na periapikalna tkiva ¢ime se smanjuje rizik od po-
slijeoperativnih komplikacija. Zbog njegovih baktericidnih,
virucidnih i fungicidnih svojstava moze se primjenjivati i u
slucaju bolesti mekih tkiva usne Supljine (27,28).

Primjena ozona u korijenskom kanalu

The outcome of treatment depends on the type and number
of residual microorganisms (5). The most commonly used
root canal irrigation solution is sodium hypochlorite (NaO-
Cl). As a disinfectant with the ability to dissolve organic sub-
stances it is used for canal instrumentation with particular
emphasis on the lateral and accessory canals. A negative side-
effect is the potential toxicity and high surface tension that
reduces the possibility of entering the canal irregularities and
dentinal tubules (6). It also reduces the elasticity of dentin
and makes it susceptible to fractures (7). Chlorhexidine is al-
so very effective for root canal disinfection and it has a better
effect on Candida albicans than sodium hypochlorite (8). Ef-
fect of 2% chlorhexidine on E. faecalis has been demonstrat-
ed in in vitro and in vive conditions (9, 10). The main dis-
sadvantage is its poor organic structure removal (10), which
reduces its ability to clean and remove debris from the root
canal (11). Calcium hydroxide has proven to be very effective
for disinfection of the endodontic space between the two vis-
its. Its main advantage, as intracanal medicament dressing, is
its high alkalinity (pH 12) at which microorganisms in endo-
dontic space cannot survive (12). Irrigants have been tradi-
tionally applied by a syringe and needle (13). Adequate con-
tact of the irrigant with the dentinal walls is enabled because
most of the irrigant is potentiated only around the tip of the
needle in combination with high surface tension of sodium
hypochlorite (14, 15). That is why many various combina-
tions of disinfecting solutions and irrigation devices such as
photo-activated disinfection (16), active root canal irrigation
(17, 18) and intracanal laser application (19) as well as ozone
or plasma devices have been used (21, 21, 22).

Ozone (O,) is an extremely powerful antimicrobial agent.
It is a blue gas, which has three hydrogen atoms, it is unsta-
ble and toxic. It irritates the airways and is very reactive. It is
a strong oxidizing agent (23) and is used to control bacteria
in the production of drinking water (22). Numerous studies
have shown interesting results when ozone treated water was
used in dental work units (24). HealOzone (KaVo, Biberach,
Germany) is a system of ozone generation from atmospher-
ic oxygen which is then conducted through a sterile tube to
the silicone cap to the area of therapeutic application. Ozone
which leaves the device has a therapeutic value in a concen-
tration of 4494 mg/m® or 2100 ppm. The sterile cap cre-
ates the vacuum and acts as a barrier to prevent the release
of ozone into the environment. In the cap, ozone is cooled
by speed of 615 cc/min, changing the volume of gas within
the cap of more than 300 times every second. In comparison
with other often applied antiseptics, ozone achieves higher
performance while encouraging tissue to heal and regener-
ate. It is used for treatment of carious lesions (25, 26) and in
endodontic therapy for reduction of microbial flora from the
root canal without the negative properties on the periapical
tissue, reducing the risk of postoperative complications. Its
bactericidal, virucidal and fungicidal properties allow the ap-
plication and treatment of the soft tissues diseases (27, 28).

The aim of this i7 vive study was to compare the antibac-
terial action of intracanal ozone treatment, as additional dis-
infectant and the conventional chemomechanical endodon-
tic treatment and to determine the reduction in the number
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Svrha ove studije iz vivo bila je usporediti antibakterijsku
aktivnost intrakanalne primjene ozona kao dodatnog sred-
stva za dezinfekciju korijenskih kanala, s uobicajenom ke-
mijsko-mehani¢kom obradom te odrediti smanjenje broja
acrobnih i anaerobnih bakterija te ukupnog broja bakterij-
skih kolonija. Nulta hipoteza bila je da nema razlike u anti-
mikrobnom u¢inku izmedu tih dvaju nacina obrade korijen-

skih kanala.

Materijali i metode

Priprema uzoraka

IstraZivanje je provedeno u Zavodu za endodonciju i re-
staurativnu stomatologiju Stomatoloskog fakulteta Sveucili-
$ta u Zagrebu. Sudjelovala su 23 ispitanika i za istraZivanje je
bilo potrebno isto toliko jednokorijenskih zuba (n=23). Pri-
sutnost jednog korijenskog kanala dokazana je radioloskim
snimkama u oba smjera — meziodistalnom i bukolingval-
nom. U studiju su bili ukljuceni pacijenti koji su se Zavodu
javili zbog endodontskog lijec¢enja, zubi su im bili bez simp-
toma s negativnim nalazom na perkusiju, a na retroalveolar-
noj rendgenskoj slici uocen je periapikalni proces ne ve¢i od
5 milimetara. Svi ispitanici potpisali su informirani pristanak
u kojem su bili objasnjeni ciljevi istrazivanja, te poseban etic-
ki protokol koji je odobrilo Eticko povjerenstvo Stomatolos-
kog fakulteta u Zagrebu.

Za mikrobiolosku analizu uzeta su tri brisa korijenskog
kanala — neposredno prije (B1) tretmana, nakon mehani¢-
ke obrade i irigacije 2,5-postotnim natrijevim hipokloritom
(B2) i nakon kemijsko-mehanicke obrade i naknadne intra-
kanalne primjene ozona (B3). Najprije je, nakon $to je po-
stavljen gumeni Stitnik (Dental Dam, Roeko, Langenau,
Njemacka), izraden pristupni trepanacijski otvor, uklonjen
je koronarni dio pulpe i kavitet je ispran jednim mililitrom
fizioloske otopine (Pliva, Zagreb, Hrvatska). Nakon toga iz-
mjerena je radna duljina apeks-lokatorom (ES-02, Artronic,
Zagreb, Hrvatska) i prosirivacem # 15 (Dentsply-Maillefer,
Ballaigues, Svicarska). Tako je napravljen prostor za sterilni
papirnati $tapi¢ # 15 (Dentsply-Maillefer, Ballaigues, Svicar-
ska) kojim je uzet prvi bris korijenskog kanala prije pocetka
instrumentacije (B1). Nakon uzimanja brisa korijenski ka-
nali ruéno su instrumentirani proiriva¢ima i strugacima step
back tehnikom do velicine # 25, a poslije toga je obavljena
dodatna instrumentacija strojnom tehnikom EndoEZE (Ul-
tradent Products, South Jordan, SAD) do veli¢ine # 40. Sva-
ki kanal ispirao se 30 sekundi s 2 ml 2,5-postotne otopine
natrijeva hipoklorita izmedu svakog iduéeg instrumenta jed-
nokratnom $pricom i iglom 30 G (BD Microlance, Becton
Dickinson, Madrid, Spanjolska). Zavrino ispiranje obavlje-
no je s 5 ml fizioloske otopine i jednokratnom $pricom od
5 ml i iglom 30 G. Prije uzimanja brisa korijenski kanal je
navlazen sterilnom fizioloskom otopinom i dodatno ostru-
gan pilicom Hedstrém #25 (Dentsply-Maillefer, Ballaigues,
Svicarska) kako bi se mobilizirale bakterije na stijenki kana-
la. Mikrobiologki bris endodontskog prostora uzet je na kra-
ju instrumentacije sterilnim papirnatim $tapicem # 25 (B2).
Nakon kemijsko-mehanicke obrade proveden je 40-sekun-
dni tretman HealOzonom (Kavo, Biberach, Njemacka) u

Ozone Treatment of Root Canal

of aerobic, anaerobic, and total number of bacterial colonies.
The null hypothesis was that there were no differences be-
tween antimicrobial efficacies of these two root canal disin-
fection techniques.

Materials and methods

Preparation of specimens

The study was carried out at the Department of Endodon-
tics and Restorative Dentistry, School of Dental Medicine,
University of Zagreb, Croatia. Twenty three patients with the
same number of single rooted teeth (n=23) were involved in
the study. The presence of a single canal was determined by
radiographs taken in both mesiodistal and buccolingual di-
rections. The patients were referred to the Department be-
cause of the need for endodontic treatment. Inclusion crite-
ria were: single rooted teeth without any symptoms, negative
percussion test and periapical processes up to 5 mm observed
on retroalveolar radiogram or orthopantomogram. The insti-
tutional Ethics Committee has approved the study, and pa-
tients had given their informed consent to their participa-
tion in the study.

For the microbiological analysis three swabs were taken:
immediately before the treatment (B1), after mechanical in-
strumentation and irrigation with 2.5% sodium hypochlorite
(B2) and after chemomechanical treatment and additional
intracanal ozone application (B3). In the first procedure af-
ter placing a rubber guard (Dental Dam, Roeko, Langenau,
Germany), an access cavity was created, the coronal portion
of the pulp was removed and the cavity was rinsed with 1
mL of saline solution (Pliva, Zagreb, Croatia). The working
length was measured using apex locator (ES-02, Artronic,
Zagreb, Croatia) and a K- file # 15 (Dentsply Maillefer, Tul-
sa, Oklahoma, USA). The root canal swab was taken with a
sterile paper point # 15 (Dentsply Maillefer, Tulsa, Oklaho-
ma, USA) before the instrumentation (B1). After the root ca-
nal swab was taken, the chemomechanical treatment was per-
formed. The root canals were manually instrumented with K
files and K reamers using the step back technique to size # 25,
and subsequently conducted additional mechanical instru-
mentation technique EndoEZE (Ultradent Products, South
Jordan, USA) to the size # 40. Each canal was irrigated with
2 mL of 2.5% NaOClI for 30 s between each instrument us-
ing a disposable 2 mL syringe and 30-gauge needle (BD Mi-
crolance, Becton Dickinson, Madrid, Spain) and were final-
ly rinsed with 5 ml of saline solution using the disposable 5
ml syringe and 30-G needle. Before swab taking, root canals
were moistened with sterile saline and ground with H file #
25 (Dentsply Maillefer, Tulsa, Oklahoma, USA) for further
bacterial mobilization from the canal walls. Microbiological
swab of endodontic space at the end of instrumentation was
taken with sterile paper point # 25 (B2). After the chemome-
chanical canal treatment, HealOzone (Kavo, Biberach, Ger-
many) treatment was performed for 40 seconds in the EN-
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ENDO-modu, s endodontskim nastavkom postavljenim u
korijenski kanal i silikonskom kapicom koja je sluzila da se
dobije vakuum u endodontskom prostoru. Nakon tretmana
HealOzonom uzet je mikrobioloski bris (B3) endodonstkog
prostora sterilnim papirnatim $tapi¢em, no prije ponovljen
je postupak struganja stijenki kanala sterilnom pilicom Hed-
strdm #25. Zatim su korijenski kanali napunjeni $tapi¢ima
gutaperke (Dentsply-Maillefer, Ballaigues, Svicarska) i puni-
lom AH Plus (Dentsply De-Trey, Konstanz, Njemacka) teh-
nikom hladne lateralne kondenzacije. Nakon zavr$enog tre-
tmana napravljene su kontrolne retroalveolarne rendgenske
snimke punjenja.

Papirnati su $tapi¢i, odmah nakon uzimanja brisa, pohra-
njeni u transportni medij za anaerobe WMGA i tijekom 30
minuta dostavljeni mikrobioloskom laboratoriju. Ondje su
nasadeni na podlogu Collumbia agar, Zambon, Hunt, Man-
del i Corman hranilista za anaerobe te na krvni agar za aero-
be. Antimikrobni u¢inak koristenih metoda potvrden je na-
kon 14 dana kada su izmjerene kulture bakterija, a rezultati
su ocitani s pomoc¢u sustava APT 20A.

Statisti¢ka analiza

Podaci su analizirani mjerenjem broja bakeerija prije za-
hvata i nakon njih. Izracunate su srednje vrijednosti i standar-
dna devijacija za broj bakterijskih kolonija nakon mehanicke
instrumentacije korijenskog kanala uz irigaciju 2,5-postot-
nim natrijevim hipokloritom i redukcije bakterija poslije do-
datnog intrakanalnog tretiranja korijenskog kanala ozonom
za svaku skupinu bakterija posebno (acrobi, anaerobi i uku-
pan broj). Budu¢i da podaci nisu bili normalno distribuira-
ni, usporedbu srednjih vrijednosti obavljena je neparametrij-
skim testom Wilcoxon Signed Rank uz razinu znacajnosti
0,05, za $to smo se koristili programom SAS 8,2 (SAS Insti-
tute Inc, Sjeverna Karolina, SAD).

Rezultati

Vrijednosti dobivene mjerenjem broja bakterijskih kolo-
nija poslije mehanicke instrumentacije korijenskog kanala uz
irigaciju 2,5-postotnim natrijevim hipokloritom i broja bak-
terijskih kolonija nakon dodatnog intrakanalnog tretiranja
korijenskog kanala ozonom, nalaze se u tablicama i grafiko-
nima. U tablici 1. je distribucija rezultata (aritmeticka sredi-
na, medijan, standardna devijacija i koeficijent varijacije) pri-
je tretmana korijenskih kanala i nakon toga postupka. Slika
1. prikazuje rezultate dobivene nakon analize broja acrobnih
i anaerobnih te ukupnog broja bakeerijskih kolonija uzetih

Primjena ozona u korijenskom kanalu

DO mode, with endodontic extension installed into the root
canal and a silicon cap which was used to achieve a vacuum
in the endodontic space. Before the third swab taking, root
canals were moistened with sterile saline and ground with H
file # 25 (B3). The root canals were then obturated with gut-
tapercha points (Dentsply Maillefer, Tulsa, Oklahoma, USA)
and AH Plus (Dentsply De-Trey, Konstanz, Germany) root
canal sealer using cold lateral condensation technique. Con-
trol retroalveolar radiograms were made at the end of treat-
ment.

Immediately after taking the swabs, paper points were
stored in WMGA transport medium for anaerobes and trans-
ported to the microbiology laboratory within 30 minutes. In
the microbiologic laboratory they were inoculated onto Col-
lumbia agar base, Zambon, Hunt, Mandel and Corman base
for anaerobes, and Blood agar for aerobes. The antimicrobi-
al efficacy of the used methods was confirmed by the culture

method and the results were interpreted after 14 days using
the API 20A system.

Data analysis

Data were analyzed by measuring the number of bacte-
rial colonies before and after different intracanal treatments.
Mean values and standard deviations for the number of bac-
terial colonies after mechanical instrumentation and irriga-
tion with 2.5% sodium hypochlorite and the reduction of
bacteria after additional root canal treatment with ozone for
each particular group of bacteria (acrobes, anaerobes and to-
tal number) were calculated. Data were not normally dis-
tributed and for comparison of mean values non-paramet-
ric Wilcoxon Signed Rank Test with the significance level of
0.05 was used. Results were presented graphically (Box plot
and histogram). For data analysis, SAS 8.2 (SAS Institute
Inc, North Carolina, USA) was used.

Results

Values obtained by measuring the number of bacterial
colonies after mechanical instrumentation and root canal ir-
rigation with 2.5% sodium hypochlorite and the number of
bacterial colonies after additional intracanal ozone treatment
are presented in tables and figures. Table 1 presents the dis-
tribution of the results (mean, median, standard deviation
and coeflicient of variation) before and after treatment pro-
tocols. Figure 1 presents the results obtained after analyzing
the number of acrobic, anaerobic and total bacterial colonies
of each swab. Figure 2 present the reduction of aerobic bacte-

Tablica 1. Aritmeticka sredina, standardna devijacija, koeficijent varijacije i medijan za aerobne i anaerobne bakterije te ukupan broj
bakterijskih kolonija. Zbog velikog koeficijenta varijacije (> 30%) medijani su prikazani kao reprezentativne srednje vrijednosti.

Table1  Arithmetic mean, standard deviation, coefficient of variation and median for aerobic, anaerobic and total number of bacterial
colonies. Because of the great coefficient of variation (> 30%) we showed medians as representative mean value.
Aerobne bakterije Anaerobne bakterije Ukupno bakterije
at. | gy | gy | medi- | ot | ogpy | ooy | medi | oadt g | o | omedi

sredina jan sredina jan sredina jan
1. mjerenje 2659 | 217,555 81,8 316 105,8 | 170,801 | 161,5 20 373,4 | 310,295 83,1 355
2. mjerenje 24,4 24,834 101,8 18 9,1 20,552 225,1 3 33,5 32,903 98,2 24
3. mjerenje 37 6,379 174,7 2 1,0 1,894 181,6 0 4,7 6,691 142,5 2

* CV - koeficijent varijacije ® Coefficient of variation
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Ozone Treatment of Root Canal

Usporedba aerobnih i anaerobnih
bakterija te ukupnog broja
bakterijskih kolonija.
Comparison of aerobic, anaerobic
and total number of bacterial
colonies

Broj aerobnih bakterijskih
kolonija neposredno prije i

nakon mehanicke obrade te
irigacije 2,5-postotnim natrijevim
hipokloritom i poslije dodatne
obrade korijenskog kanala
HealOzonom.

Number of aerobic bacterial
colonies immediately before the
treatment, after chemomechanical
instrumentation and irrigation with
2.5% sodium hypochlorite and
after additional HealOzone root
canal treatment.

Broj anaerobnih bakterijskih
kolonija neposredno prije i

nakon mehanicke obrade te
irigacije 2,5-postotnim natrijevim
hipokloritom i poslije dodatne
obrade korijenskog kanala
HealOzonom.

Number of anaerobic bacterial
colonies immediately before the
treatment, after chemomechanical
instrumentation and irrigation with
2.5% sodium hypochlorite and
after additional HealOzone root
canal treatment.

Ukupan broj bakterijskih

kolonija neposredno prije i

nakon mehanicke obrade te
irigacije 2,5-postotnim natrijevim
hipokloritom i poslije dodatne
obrade korijenskog kanala
HealOzonom.

Total number of bacterial

colonies immediately before the
treatment, after chemomechanical
instrumentation and irrigation with
2.5% sodium hypochlorite and
after additional HealOzone root
canal treatment.
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nakon svakog brisa. Na slici 2. su vrijednosti u redukciji bro-
ja aerobnih bakterija, slika 3. prikazuje vrijednost u redukciji
broja anaerobnih bakterija, a slika 4. vrijednosti u redukeiji
ukupnog broja bakterija nakon mehanicko-kemijske obrade
korijenskog kanala i broja bakterija nakon dodatnog intraka-
nalnog tretiranja korijenskog kanala HealOzonom.
Statisticki znacajna razlika zabiljezena u broju aerobnih
bakterijskih kolonija izmedu skupina B1 i B2 (p<0,0001),
B2 i B3 (p<0,0001), B1 i B3 (p<0,0001). Isti princip upora-
bljen je i za analizu razlika skupina i parova skupina kod ana-
erobnih kolonija. Statisti¢ki znacajna razlika zabiljezena je iz-
medu skupina B1 i B2 (p<0,0001), B2 i B3 (p<0,0001) i B1
i B3 (p=0,0002). Statisticki znacajna razlika zabiljezena je i
u ukupnom broju bakeerijskih kolonija izmedu skupina B1
i B2 (p<0,0001), B2 i B3 (p<0,0001) i B1 i B3 (p=0,0002).
Razlike izmedu aerobnih i anaerobnih bakterija te ukupnog
broja bakterijskih kolonija analizirane su i usporedene s nul-
tom hipotezom u kojoj ne postoji razlika izmedu pocetnih
mjerenja i nakon kemijsko-mehanicke obrade korijenskog
kanala te poslije dodatne obrade korijenskog kanala ozonom.
Koristen je Friedmanov test i uocene su statisticki znacajne
razlike u distribuciji izmedu sva tri mjerenja (p<0,0001).

Rasprava

Mikrobioloska flora korijenskog kanala najvazniji je ¢im-
benik o kojem ovisi uspjeh endodontskog tretmana. Pozna-
to je da bakeerije i njihovi bioprodukti imaju glavnu ulogu u
patogenezi periapikalnog parodontitisa (29). Sekundarne in-
fekcije korijenskog kanala nastaju kao posljedica neuspjesnog
endodonstskog lije¢enja zbog perzistiranja bakterija u endo-
dontskom prostoru. Zato endodontski zahvat treba biti ogra-
ni¢en na samo nekoliko posjeta stomatologu, a on se pritom
treba koristiti protokolima kojima se nastoji postici uspjes-
na i u¢inkovita dezinfekcija korijenskih kanala. Ovo istra-
zivanje provedeno je kako bi se ustanovilo moze li dodatni
tretman korijenskog kanala ozonom smanjiti broj zaostalih
bakterija, pa tako i sekundarne infekcije. Nulta hipoteza — da
nema razlike izmedu dvaju razlicitih antimikrobnih tretma-
na korijenskih kanala, odbacena je. Zakljuceno je da dodat-
ni tretman, tj. dezinfekcija korijenskih kanala ozonom, moze
smanjiti broj aerobnih i anaerobnih bakterija te ukupan broj
bakterijskih kolonija koje ostaju u korijenskim kanalima na-
kon klasi¢ne kemijsko-mehanicke obrade.

Objavljena su mnoga istrazivanja temeljena na tehnika-
ma dezinfekcije korijenskih kanala, ali ¢esto s kontradiktor-
nim rezultatima. U ovoj studiji iz vive proudavao se anti-
mikrobni u¢inak intrakanalne primjene ozona koji se moze
rabiti kao nadopuna klasi¢noj kemijsko-mehanickoj obradi
kanala. Rezultati jasno pokazuju prednosti dodatnog koriste-
nja ozona u odnosu na kemijsku i mehanicku obradu kori-
jenskih kanala i mogu se usporediti s mnogim studijama ko-
je su dokazale snazan antimikrobni uc¢inak ozona koristenog
u korijenskom kanalu (30, 31, 32, 29), pri ¢emu se najbolji
ucinak postize kada se ozon uporablja u kanalu s minimalno
zaostalog organskog debrisa (33). Sredstva za dezinfekciju,
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rial colonies, Figure 3 shows the reduction of anaerobic bac-
terial colonies and Figure 4 present the reduction of the total
number of bacterial colonies after chemomechanical root ca-
nal treatment and the number of bacterial colonies after ad-
ditional intracanal HealOzone treatment.

A statistically significant difference was found in the
number of aerobic bacterial colonies between groups Bl
and B2 (p<0.0001), B2 and B3 (p<0.0001) and B1 and B3
(p<0.0001). The same principle was used to analyze the dif-
ferences between groups and group pairs in anaerobic bacte-
ria group. A statistically significant difference was found be-
tween groups B1 and B2 (p<0.0001), B2 and B3 (p<0.0001)
and B1 and B3 (p=0.0002). A statistically significant differ-
ence was found between the total number of bacterial colo-
nies in groups B1 and B2 (p<0.0001), B2 and B3 (p<0.0001)
and B1 and B3 (p=0.0002). The differences between the
number of aerobic bacterial colonies, number of anaerobic
bacterial colonies and total number of bacterial colonies were
analyzed with reference to null-hypothesis in which there are
no differences between the initial measurements and the ch-
emomechanical root canal treatment and after additional in-
tracanal ozone application. Data were analyzed by Friedman
Test and a statistically significant difference was found be-
tween these three measurements (p<0.0001).

Discussion

Microbial flora of the root canal is the most important
factor influencing the success of endodontic treatment. It is
known that bacteria and their byproducts play a major role
in the pathogenesis of periapical periodontitis (29). The per-
sistence of bacteria in endodontic space results in a failed
endodontic treatment and secondary infection. Endodontic
treatment has to be reduced to as few visits as possible us-
ing protocols that can achieve root canal disinfection effec-
tively. This study was aimed to determine if the additional
treatment of root canals with ozone can further diminish the
number of residual bacteria and reduce the occurence of the
secondary infection. The null-hypothesis that there were no
differences between antimicrobial efficacies of two root ca-
nal disinfection techniques used in this study was rejected.
It was determined that additional intracanal ozone treatment
significantly reduced the aerobic, anaerobic and total num-
ber of bacterial colonies.

Many studies on root canal disinfection techniques have
been published but most of them with contradictory results.
This in vive study evaluated the antimicrobial effect of intra-
canal ozone treatment which can be used as adjunct to ch-
emomechanical canal preparation. The results clearly showed
the superiority of additional ozone treatment in comparison
to chemomechanical preparation and can be compared and
confirmed by the numerous studies, which have proven a
powerful antimicrobial effect of ozone applied in the root ca-
nal (30, 31, 32, 29) with the best performance achieved by
the use of ozone in the root canal in which there is minimal
smear organic debris (33). Disinfection agents such as NaO-
Cl require direct contact with the bacteria which is often im-
possible in peripheral areas of the root canal such as anas-
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kao $to je NaOCl, zahtijevaju direktan kontake s bakterija-
ma, §to je ponekad nemoguée, posebice u perifernim dije-
lovima korijenskih kanala, kao $to su anastomoze i lateralni
kanali ili u zavr$nom apikalnom dijelu kanala (12). Pritom
kona¢na obrada kanala ozonsko-ultrazvu¢nim instrumenti-
ma ili kombinacijom ozonirane vode ili plina ozona u kori-
jenskom kanalu moze pomo¢i u dodatnom uklanjanju bak-
terija. HealOzone (KaVo, Biberach, Njemacka) zatvoreni je
sustav generiranja ozona iz atmosferskog kisika koji se susta-
vom cjevcica dovodi do sterilne silikonske kapice tj. na mje-
sto terapijske primjene. Na taj nacin ozon je usmjeren samo
na mjesto djelovanja, a zanemariv je Stetan rasap po ustima
i radnom prostoru (25), $to mu daje prednost u odnosu na
ostale sustave. Ozon je takoder vrlo udinkovito sredstvo za
dezinfekciju povisina. Zbog spontanog i kataliziranog ras-
pada molekule prikladan je i za koristenje u ustima tijekom
kirurskih zahvata te tretmana karijesa i korijenskih kanala.
Tretman od 40 sekundi, primijenjen u ovome istrazivanju,
odabran je nakon $to ga je proizvoda¢ preporucio za zavr$nu
obradu i dezinfekciju korijenskih kanala. Nedostatak pri ko-
ristenju HealOzona u podru¢ju endodoncije jest tesko posti-
zanje potrebnog vakuuma, posebice kod malih i destruiranih
kruna zuba, $to ograni¢ava njegovu uporabu na tom polju.
U ovom istrazivanju promatrana je redukcija u broju ae-
robnih i anerobnih bakterija i ukupnog broja bakterijskih
kolonija, pa ga je tesko usporediti s ostalim, u literaturi do-
stupnim studijama, u kojima se jasno iznose promjene u bro-
ju pojedinih sojeva bakterija. Od ukupnih bakeerijskih ko-
lonija nadenih u korijenskom kanalu prije instrumentacije,
aerobne bakterije ¢inile su 84 posto, a anaerobne 16 posto,
$to je u skladu s istrazivanjem Pinheira i njegovih suradnika.
Oni su u svojoj studiji provedenoj na 30 punjenih korijen-
skih kanala dokazali predominaciju gram-pozitivnih aeroba i
fakultativnih anaeroba medu kojima su dominirali E. fzeca-
lis, Streptococcus, Peptostreptococcus i Actinomyces (34). Peciu-
liene i kolege izolirali su mikroorganizme iz sekundarno infi-
ciranog endodontskog prostora i pronasli E. faecalis u 21 od
33 izolata, a kod 6 su pronadene kvasnice, osobito Candi-
da albicans (35). Visokoj virulenciji E. fecalis vjerojatno pri-
donosi sposobnost invazije u dentinske tubule i adherencija
na kolagen u ljudskom serumu. Prema misljenju Molande-
ra i suradnika, fakultativni anaerobi, narocito G+, veéinska
su mikroflora u slucaju sekundarnih endodontskih infekcija
jer mogu prezivjeti u takvim uvjetima uz nisku metabolicku
aktivnost, primjerice, koronarnim mikropropustanjem kroz
punjenje mijenjaju metaboli¢ku aktivnost na viu razinu te
se tako umnozavaju (36). Nakon mehanicke obrade i iriga-
cije 2,5-postotnom otopinom natrijeva hipoklorita znacajno
je smanjen broj aerobnih i anerobnih bakterija u odnosu na
pocetno mijerenje prije mehanicko-kemijske obrade kanala.
To je u skladu s istrazivanjima Siqueire i njegovih kolega ko-
ji su se koristili 2,5-postotnim NaOCl-om tijekom tretma-
na nekroti¢ne pulpe i apikalnog parodontitisa (37), a za veée
koncentracije NaOCl-a poznato je da imaju i ve¢i iritacijski
ucinak na stanice apeksa i periapikalnog tkiva (38). Silveira
i suradnici dokazali su da otopina 2,5-postotnog NaOCl-a i
2-postotnog klorheksidina potpuno uklanja bakterijsku in-
fekciju s E. faecalis nakon kontakta od 30 sckundi (38).

Ozone Treatment of Root Canal

tomoses, lateral canals or the most apical part of the main
root canal (12) and final irrigation using ozone ultrasonic
instruments or a combination of ozone water and ozone gas
leakage through the root canal can help reducing the bacte-
ria. HealOzone (KaVo, Germany) is a system of ozone gen-
eration where ozone is directed only at the place of action,
while the harmful ozone influence in the mouth and working
space is negligible (25). This gives it an advantage over oth-
er ozone generating systems. Ozone gas is a highly effective
surface disinfectant. As a result of the spontaneous and cata-
lyzed breakdown of the molecule, it is suitable for use in the
mouth during surgical interventions as well as caries or root
canal treatment. The time period of 40 s of disinfection used
in this study was chosen according to the time recommend-
ed by the manufacturer for the final root canal disinfection
protocol. The disadvantage of using HealOzone in the field
of endodontics is the difficulty of achieving the required vac-
uum especially for small and destroyed tooth crowns, which
limits its use in this field.

Most of the studies in the available literature dealt with
the change in the number of individual bacterial strains,
whereas the present study was focused on the number of aer-
obic, anerobic and the total number of bacterial colonies,
and as such, the study was difficult to compare with others.
Aerobic bacteria accounted for 84% of the total bacterial col-
onies found in the root canal before instrumentation and an-
aerobic bacteria for the remaining 16%, which is consistent
with research of Pinheiro et al. in which 30 filled root canals
showed predomination of aerobic gram-positive and faculta-
tive anaerobes dominated by E. faecalis, Streptococcus, Fuso-
bacterium and Actinomyces (34). Peciuliene et al. isolated mi-
croorganisms from secondary infected endodontic area and
found the presence of E. faecalis in 21 of 33 isolates, while
in 6 isolates they found the presence of yeast, especially Can-
dida albicans (35). High virulence of E. faecalis likely con-
tributes to the ability of invasion into dentinal tubules and
adherence to the collagen in the presence of human serum.
According to Molander et al., facultative anaerobes, particu-
larly G +, make the majority of secondary microflora in en-
dodontic infections because they can survive in conditions
with low metabolic activity, such as coronary leakage; they
change its metabolic activity to a higher level and reproduce
(36). The mechanical treatment and irrigation with 2.5% so-
dium hypochlorite significantly reduced the number of aer-
obic and anaerobic bacteria, when compared to the initial
measurement before chemomechanical treatment. This re-
sult is consistent with the research of Siqueira et al. who used
2.5% NaOCl in the treatment of necrotic pulp and apical
periodontitis (37). It is known that higher concentrations of
NaOCI possess a greater irritation effect on the apical cells
and periapical tissues (38). Silveira et al. have shown that
2.5% NaOClI solution and 2% chlorhexidine completely re-
move bacterial infection of E. faecalis after 30 s of contact
(39).

In the present study, application of ozone gas in com-
bination with chemomechanical root canal treatment has
led to a significant reduction of bacteria which makes it po-
tentially usable and good as additional root canal treatment
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U nadem istraZivanju, primjenom ozona u kombinaciji s
kemijsko-mehani¢kom obradom korijenskih kanala, dodat-
no je smanjen broj aerobnih i anaerobnih bakterijskih kolo-
nija, $to ga ¢ini potencijalno korisnim dodatnim tretmanom
pri obradi korijenskih kanala. Nagayoshi i suradnici dokazali
su da ozonirana voda ima gotovo jednako antimikrobno dje-
lovanje kao i 25-postotni NaOCl, posebice u kombinaciji s
ultrazvuénom tehnikom obrade kanala, a pritom je zabiljeze-
na niska toksi¢nost na stanice u kulturama. Oznonirana vo-
da moze se smatrati potencijalnim sredstvom za dezinfekci-
ju korijenskih kanala jer je manje toksi¢na od NaOCl-a koji
moze dovesti do nekroze, a ozonirana je voda iznimno bio-
kompatibilna (29). Zato su Steier i Steier predlozili kombi-
naciju manje toksi¢nog NaOCl-a (1,25 %) i ozona (40). Re-
zultate Nagayoshija i suradnika potvrdili su Huth i suradnici
— broj bakterija iz korijenskih kanala (biofilm koji se stvo-
rio nakon izlaganja zuba Pseudomonas aeruginosi, Enteroco-
ccus faecalis, Peptostreptococcus micros | Candidi albicans) sma-
njio se nakon primjene plina ozona i/ili ozonirane vode, pri
¢emu se rabio poseban uredaj za izravnu aplikaciju ozona u
korijenski kanal, to¢no na mjesto primjene tj. na inficirane
zidove korijenskih kanala (41, 42). Vitrej i suradnici uspore-
dili su u¢inkovitost Cetiriju sustava —HealOzona, 3-postot-
nog NaOCl-a, MTAD-a (Dentsplay, Tulsa, SAD) i sistema
Endox Endodontics (Endox S.r.l., Carugo, Italija) kao sred-
stava za irigaciju korijenskih kanala. U¢inkovitost 3-postot-
nog NaOCl-a, MTAD-a i HealOzona bila je podjednaka.
Sustav Endox pokazao je najmanju antibakeerijsku u¢inkovi-
tost. Zaklju¢eno je da ozon ima veliki potencijal za uporabu
u endodontskoj terapiji te da u znatnoj mjeri reducira bak-
terijske infekcije u sustavima korijenskih kanala (33). Stoll
i suradnici dokazali su pozitivan uc¢inak ozona (120 sekun-
di, HealOzone generator, KaVo, Biberach, Njemacka) na E.
faecalis u usporedbi s konvencionalnim irigansima — 3-po-
stotnim vodikovim peroksidom, 0,2-postotnom otopinom
klorheksidina, 1,5-postotnim i 3-postotnim natrijevim hipo-
kloritom (43). Ozon je potencijalni oksidans sa sposobnoséu
stupanja u redoks-reakcije. Zato se preporucuje ozon primje-
njivati pod tlakom, kako bi mogao penetrirati kroz korijen-
ski kanal i djelovati irigacijski. U uvjetima in vivo korijenski
kanal sadrzava biofilm, ¢iji sastojci, poput zeljeza, pospjesuju
antimikrobnu aktivnost ozona i oslobadanje snaznih hidrok-
silnih radikala. Uporabom uljnih preparata ozona, u uspo-
redbi s intrakanalnim medikamentnim sredstvima kao $to je
kalcij hidroksid, ostvaruje se ucinkovitije djelovanje na bakte-
rije u kanalu i odli¢na biokompatibilnost s periradikularnim
tkivima (42). Lynch i Swift zakljucili su da je ozon najsnaz-
nije antimikrobno oksidiraju¢e sredstvo kojim se stru¢njaci
mogu koristiti u endodonciji i da je vodena otopina ozona
visoko biokompatibilna u odnosu na ostale koristene irigan-
se. Ozon je potrebno primijeniti kako bi se omoguéio $to bo-
lji u¢inak uklanjanja mikroorganizama iz korijenskih kanala
(44). Vodena otopina ozona takoder je mnogo biokompati-
bilnija i manje toksi¢na od natrijeva hipoklorita. Primjena
plina ozona na karijesne lezije (s pecacenjem ili bez njega),
ili u inficirane korijenske kanale rabi se i u klinickoj praksi.
Poznat je i uc¢inak ozona na lije¢enje parodontitisa, periim-
pantitisa i endodontskih infekcija, ali potrebna su dodatna
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method. Nagayoshi et al. have shown that ozone water has
almost the same antimicrobial activity as 2.5% NaOCl, espe-
cially in combination with ultrasonic canal treatment, with
low cellular toxicity. Ozone water can be considered to be a
potential root canal disinfectant and is less cytotoxic than
NaOCI which can cause necrosis while ozone water is ex-
ceptionally biocompatible (29). Steier and Steier have sug-
gested combining a less cytotoxic concentration of NaOCl
(1.25%) with ozone (40). The results of Nagayoshi et al. have
been confirmed by Huth et al. in a study where the number
of bacteria from the root canal (biofilm formation after in-
cubation of teeth with Pseudomonas aeruginosa, Enterococcus
faecalis, Peptostreptococcus micros and Candida albicans) was
reduced using ozone gas and/or ozone water. Special devic-
es used for ozone allowed the direct application of ozone di-
rectly into the root canal and resulted in a targeted local ac-
tion on the infected root canal walls (41, 42). Vitrej et al.
compared the effectiveness of four systems: Heal Ozone, 3%
NaOCl, MTAD (Dentsplay Tulsa, USA) and Endox Endo-
dontics System (Endox S.1.1., Carugo, Italy) as a tool for root
canal irrigation. The effectiveness of 3% NaOCl, MTAD and
HealOzone was similar. Endox system showed the least anti-
bacterial efficacy. It was concluded that ozone has a great po-
tential for use in endodontic therapy and it significantly re-
duces bacterial infection in the root canal system in addition
to the standard chemomechanical cleaning (33). Stoll et al.
have shown positive effects of ozone (120 seconds, HealO-
zone generator, KaVo) in E. faecalis compared with conven-
tional irrigants: 3% hydrogen peroxide, 0.2% chlorhexidine
solution, 1.5% and 3% sodium hypochlorite (43). Ozone
is a potent oxidant that has the capability of entering in-
to redox reaction. The recommendation is therefore to use
ozone under pressure, so it can penetrate through the root
canal and cause the effect of irrigation. /n vive, root canal
contains biofilm, the ingredients of which, such as iron, en-
hance the antimicrobial activity of ozone and the release of
powerful hydroxyl radicals. The use of ozone oil products
compared with intracanal medications such as calcium hy-
droxide, achieves effective action of the bacteria in the canal
with excellent biocompatibility with the periradicular tissues
(42). Lynch and Swift concluded that ozone is the most pow-
erful antimicrobial and oxidant we can use in endodontics,
and that aqueous ozone revealed the highest level of biocom-
patibility compared with commonly used antiseptics. Ozone
should be used to help combat the microorganisms associ-
ated with infected root canals (44). Also, ozone dissolved in
water is more biocompatible and less cytotoxic to oral cells
than sodium hypochlorite. The application of ozone gas to
surface caries lesions (with or without sealing) or infected
root canals demonstrably improves clinical findings. The po-
tential effect of ozone in the treatment of periodontitis, peri-
implantitis and endodontal infections is well known but it
needs to be investigated in further controlled studies (29).
In our study, the HealOzone treatment showed superior
effect to mehanical and NaOCl irrigation in eliminating in-
tracanal aerobic and anaerobic bacteria. Although the time
period of 40 seconds of ozone application caused reduction
in aerobic, anaerobic and total number of bacteria, it is ques-
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klinicka ispitivanja kako bi se dokazao tocan nacin njegova
djelovanja i primjene (29).

U ovom istrazivanju je primjena HealOzona pokazala
snazan antimikrobni ucinak i redukciju u broju aerobnih i
anaerobnih bakterija u odnosu na bakterije izolirane nakon
mehanicke obrade i ispiranja kanala NaOCl-om. Iako je vri-
jeme primjene ozona od 40 sckundi bilo dovoljno za sma-
njenje aerobnih, anaerobnih i ukupnog broja bakterija, pita-
nje je bi li dulja primjena bila dovoljna za potpunu redukciju
bakterija u svim uzorcima. Zbog dodatnog smanjenja bakte-
rija u kanalima nakon primjene ozona, ova se metoda prepo-
rucuje za klini¢ku primjenu. Potrebna su daljnja istrazivanja
kako bi se dokazao to¢an ucinak plina ozona tijekom primje-
ne u korijenskim kanalima.

Zakljucak

Mehanicka i kemijska obrada korijenskih kanala, te do-
datna primjena ozona pokazali su se uspjesnima u smanjiva-
nju broja acrobnih i anerobnih bakterija u korijenskom kana-
lu. Kori$tenjem ozona, kao snaznog antimikrobnog sredstva,
znatno je smanjen broj bakterija te se njegova primjena pre-
porucuje kao dodatna metoda dezinfekcije pri obradi kori-
jenskih kanala.
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tionable whether longer exposure time could provide com-
plete eradication in all samples. Because of the improvements
in bacterial reduction after additional application of ozone
in the root canals, this procedure is recommended for use
in clinical practice. Further studies are necessary to charac-
terize the precise effect of ozone gas for endodontic root ca-
nal treatment.

Conclusion

The chemomechanical and additional intracanal ozone
application succeeded in reducing root canal infection and
had the capacity to eradicate both aerobic and anaerobic bac-
teria presented in infected root canals. Application of ozone
as a powerful antimicrobial agent has led to a significant re-
duction of bacteria so it can be used as additional method in
root canal treatment.
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Aim: The aim of this study was to determine the amount of aerobic, anaerobic, and total number
of bacterial colonies after chemomechanical root canal treatment and after additional intracanal
disinfection using ozone. Materials and Methods: Twenty - three patients with the same number
of single rooted teeth (n=23) with periapical lesion (<5 mm) observed on retroalveolar radiogram
or panoramic radiograph took part in this study. For the microbiological analysis three swabs
were taken: immediately before (B1), after mechanical instrumentation and irrigation with 2.5%
sodium hypochlorite (B2) and after chemomechanical treatment and additional intracanal ozone
application (B3). Swabs were taken with sterile paper points, bacteria were cultivated and the re-
sults were interpreted after 14 days using the API 20A system. The data were analyzed by Wilcox-
on Signed Rank Test measuring the number of bacterial colonies before and after the root canal
treatment. Results: The difference between groups B1 and B2, B1 and B3 and B2 and B3 for all
three groups: aerobic bacteria, anaerobic bacteria and total number of bacteria was statistically
significant (p<0.05). Conclusion: Both methods showed a strong effect in bacterial number reduc-
tion. After the chemomechanical and additional ozone root canal treatment, the number of aero-
bic and anaerobic bacterial colonies further decreased compared to the measurements immedi-
ately before and after the chemomechanical root canal treatment. Because of the improvements
in bacterial reduction after additional application of ozone in the root canal, this procedure is rec-
ommended for use in clinical practice.
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