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Disinfection Effect of Gaseous Ozone 
on Candida albicans and Enterococcus 
faecalis: A Randomized Clinical Trial in 
Infected Primary Molars

Gaz Halindeki Ozonun Candida albicans ve 
Enterococcus faecalis Üzerindeki Dezenfekte Edici 
Etkisi: Enfekte Süt Azı Dişlerinde Randomize Bir 
Klinik Çalışma

ABSTRACT

Objective: The current clinical randomized study’s primary purpose was to investigate the 
antimicrobial efficiency of gaseous ozone on primary teeth root canals.

Methods: The included teeth were randomly divided into three groups, and in each group, the 
root canal therapies of 12 primary teeth were done. In group 1, 2.5% sodium hypochlorite was 
applied as an irrigation agent. In group 2, 0.9% sterile saline solution was combined with 80 sec-
onds OzonyTronX® application. In group 3, 2.5% sodium hypochlorite was applied as an intracanal 
medicament in combination with 80 seconds OzonyTronX®. Microbial analyses assessed the colo-
nization of Candida albicans and Enterococcus faecalis before and after the procedure.

Results: Thirty-six primary molars of 36 completely healthy patients (aged 5-10) were included 
in the study. The results revealed that the percentage decrease in the number of C. albicans 
was higher in group 3 (99.3%). This decrease was statistically higher than group 1 (96.1%) and 
group 2 (94.2%). Group 1 showed better results in eliminating the viable C. albicans versus group 2 
(P = .033). The decrease in the number of E. faecalis was higher in group 3 (99.4%) compared to 
group 1 (99.1%) and group 2 (98.7%) (P = .006). Although the percentage of the unviable microor-
ganisms was higher in group 1, there was no statistical difference versus group 2 (P > .05).

Conclusion: Using gaseous ozone alone or in combination with sodium hypochlorite may enhance 
the success of the antimicrobial stage of primary root canal therapies. It could be an alternative to 
toxic chemical agents such as highly concentrated sodium hypochlorite.

Keywords: Dentistry, disinfection agents, ozone, pediatric dentistry, primary teeth, root canal 
treatment

ÖZ

Amaç: Bu çalışmada ozon gazının süt dişi kök kanalları üzerindeki antimikrobiyal etkinliğinin ince-
lenmesi amaçlanmıştır.

Yöntemler: Dahil edilen dişler rastgele three gruba ayrıldı ve her grupta 12 süt dişinin kanal teda-
visi yapıldı. Grup 1’de irrigasyon ajanı olarak %2,5 NaOCl uygulandı. Grup 2’de %0,9 steril salin 
solüsyonu 80 saniye OzonyTronX® uygulaması ile kombine edildi. Grup 3’te %2,5 NaOCl kanal 
içi ilaç olarak 80 saniye OzonyTronX® ile kombinasyon halinde uygulandı. Mikrobiyal analizler ile 
işlemden önce ve sonra C. albicans ve E. faecalis’in kolonizasyonu değerlendirdi.

Bulgular: Tamamen sağlıklı 36 hastanın (5-10 yaş arası) 36 süt azı dişi çalışmaya dahil edildi. 
Sonuçlar, Candida albicans sayısındaki azalmanın Grup 3’te (%99,3) daha yüksek olduğunu ortaya 
koydu. Bu azalma Grup 1 (%96,1) ve Grup 2’ye (%94,2) göre istatistiksel olarak daha yüksekti. Grup 
1’in Candida Albicans üzerindeki antimikrobiyal etkisi Grup 2’ye kıyasla daha yüksek bulundu 
(P = ,033). Enterococcus faecalis sayısındaki azalma Grup 3’te (%99,4) Grup 1 (%99,1) ve Grup 2’ye 
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(%98,7) göre daha fazlaydı (P = ,006). Canlı olmayan mikroorganizmaların yüzdesi Grup 1’de daha yüksek olmasına rağmen, Grup 2’ye 
göre istatistiksel olarak anlamlı bir fark tespit edilemedi (P > ,05).

Sonuç: Ozone gazının yalnız ya da sodyum hipoklorit ile kombine kullanımının süt dişi kanal tedavilerinin antimikrobiyal etkinliğini 
arttırabileceği ve bu uygulamanın toksik kimyasal kanal içi dezenfektanlara alternatif olabileceği düşünülmektedir.

Anahtar Kelimeler: Diş hekimliği, dezenfekte edici ajanlar, ozon, çocuk diş hekimliği, süt dişleri, kök kanal tedavisi

INTRODUCTION
Tooth caries in primary teeth may occur rapidly, and the progres-
sive character of the lesions reveals pulpal damage in a shorter 
time compared to permanent teeth. Once the pulp is infected, 
removing the pulp tissue to avoid disseminating the infection 
through the surrounding tissue and mainly to the germ of the 
permanent tooth in the neighborhood is the preferable choice in 
appropriate cases.1,2 This treatment, named root canal therapies in 
primary teeth, reveals differences compared to permanent denti-
tion due to the root canal anatomies, larger and enhanced dentinal 
tubules, accessory canals, and root tip bifurcation. Furthermore, 
these differences make it impossible to disinfect the root canal 
of a primary tooth through instrumentation.3 The root resorption 
degrees and the germ in the neighborhood of the periapical area 
are also challenging parts of primary root canal treatments.4

Numerous types of infectious agents can colonize in root canals, 
and the studies assessing primary root canal microbiota revealed 
that anaerobic strains form the main microorganism population 
of primary teeth with necrotic pulp.3,5 Accordingly, Enterococ-
cus faecalis (E. faecalis) and Candida albicans (C. albicans) are the 
main strains isolated from the infected root canals.6,7 An appro-
priate disinfection procedure should be applied to achieve a suc-
cessful root canal treatment, and this protocol consists of 2 main 
components: mechanical preparation and chemical irrigation.8,9 
In primary teeth, the presence of the lateral and accessory canals 
and the complexity of root canal anatomy make it impossible to 
reach all the microbial residuals and remove them by mechanical 
approaches.3 By this means, chemical irrigants take a significant 
part of the root canal disinfection procedure in the primary den-
tition.4,7,10,11 Various disinfection and irrigation agents have been 
used, and sodium hypochlorite (NaOCl) has been preferred as a 
gold standard in this area.12-15 Though this agent shows an effec-
tive antimicrobial activity, it still has some disadvantages that 
restrict its use in pediatric patients. The excessive use of NaOCl 
causes cytotoxic effects and inflammatory responses such as 
edema, severe pain, ecchymosis, and paresthesia.3,16 Hence, the 
search for ideal root canal disinfection agents remains to be a 
necessity in root canal treatment of primary teeth.3,6,17

Ozone is an alternative non-invasive antibacterial, antiviral, and 
antifungal agent preferred in reducing the number of caries-caus-
ing bacteria. Ozone reveals the antimicrobial effect by effectively 
oxidizing the bacterial cell wall and cytoplasmic membrane.18-22 
Accordingly, it has been used in medicine and dentistry in vari-
ous areas such as wound healing, caries management, cavity dis-
infection, root canal therapies, tooth hypersensitivity therapies, 
temporomandibular joint disorders, and oral diseases.23

In literature searches, studies investigating the antimicrobial 
effect of gaseous, aqueous, and oiled forms of ozone versus 
NaOCl, and various disinfection agents have been detected.2-4,24 
However, these studies were mainly held on ex vivo conditions, 

and the application was held on permanent teeth.17,25-29 In the lit-
erature review, no study was detected to assess the antimicrobial 
effect of gaseous ozone and combined use of it with NaOCl versus 
the use of NaOCl alone in primary teeth, in vivo. The main purpose 
of the current study was to investigate the antimicrobial effect of 
gaseous ozone and the combined use of ozone gas with NaOCl in 
the disinfection of primary root canals, in vivo, and to find a safe 
and effective alternative to NaOCl disinfection agents used in 
deciduous root canal therapies. The study hypothesized that the 
antimicrobial efficiency of gaseous ozone would be higher than 
the other groups compared.

MATERIAL AND METHODS
Ethical Approval
The study protocol was approved by Ethical Committee of Ankara 
University Faculty of Dentistry (Date: 26.10.2010, Number: 3/6). 
The research was conducted in full accordance with the World 
Medical Association Declaration of Helsinki, with all amendments. 
The study was designed in accordance with STROBE guidelines. 
The legal representatives of the participants and the patients 
were informed of the study design, and informed consent was 
obtained from them. All treatment procedures were completed 
for each patient admitted to our clinics, whether they were a part 
of the study or not. All the participants were informed that they 
were free to leave the study if they did not want to attempt the 
treatment sessions at any time interval.

Case Selection
The study population was detected by G*Power Software based 
on an effect size of 0.5, an alpha significance level of 5% (0.05), and 
a beta of 20% (0.20) to achieve an 80%.30 Accordingly, a total of 36 
mandibular second primary molars of 36 children aged between 5 
and 10, with no systemic illnesses [American Society of Anesthe-
siologists -I] were included in the study. Including criteria were as 
follows: pediatric patients with no use of an antimicrobial agent 
in the last 3 months, teeth with positive responses to percussion 
and palpation, no sinus tract and intra-oral, extra-oral swelling, 
teeth with no pathological and physiological mobility, and restor-
able with stainless steel crown. Additionally, in radiographical 
examinations, the selected teeth needed to show the Res(i) and 
Res (1/4) scores according to the root resorption scoring system 
(Figure 1).31 No radiolucency in the peri-radicular tissue and no 
internal–external root resorption were also among the including 
criteria. However, the teeth with lesions only in 1/3 percent of the 
bifurcation area were also included in the study

The patients who are not compatible with including criteria, who 
cannot adopt the dental treatments, and with whom rubber-dam 
isolation was not possible were excluded from the study.

The included teeth were randomly divided into three groups, and 
in each group, the root canal therapies of 12 primary teeth were 
done. The flowchart of the study design is described in Figure 2.
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In group 1 (control group), 2.5% NaOCl was applied as an irrigation 
agent.

In group 2 (study group), 0.9% sterile saline solution was com-
bined with 80 seconds OzonyTronX® application.

In group 3 (study group), 2.5% NaOCl was applied as an intracanal 
medicament in combination with 80 seconds OzonyTronX®.

Ozone System
OzonyTronX®, developed in 2005 in Germany, was formed by a 
central unit, a plasma probe, and an applicator. High-frequency 
impulses are sent from the central unit to the applicator via a 
connector. OzonyTronX® is not a generator that produces gaseous 
ozone. The oxygen molecules (O2) in the atmosphere are divided 
into atomic oxygen when the probe contacts the application 
area. This atomic oxygen combines with O2 and forms O3, a highly 
effective disinfection agent.32 OzonyTronX® has different probes 
that differ by application areas. The probe used in narrow (2 cm3) 
and curved areas such as root canals and periodontal defects was 
preferred in the study. According to company recommendations, 
ozone at a concentration of 100 μg/mL (level 5, 40 seconds) was 
used with a blue probe for disinfection procedures of root canals. 
The use of gaseous ozone for 20-120 seconds in dental practices 

was approved by Medical Device Authority (MDA) and Technical 
Inspection Association (TUV). Accordingly, in the current study, 
the application was made twice (80 seconds) to obtain the maxi-
mum disinfection effect.

Clinical Procedures
The root canal length was assessed with a phosphor plaque 
sensory system using a standard parallel technique (Digora® 
Soredex, Soredex Medical Systems, Helsinki, Finland) (Figure 3). 
Regional alveolar inferior block anesthesia was applied, and rub-
ber-dam isolation was done. The plaque and other bacterial accu-
mulations were cleaned off with pumice and a micro-brush. The 
external surfaces of the teeth, clamps, and rubber liner were 
also wiped using 0.12% chlorhexidine (CHX; Klorhex™, Drogsan, 
Ankara, Turkey), 3% H2O2 (60 seconds) (Carlo Erba, Emmendingen, 
Germany), 5.25% NaOCl (60 seconds) (Wizard™, İstanbul, Turkey). 
The remedies of NaOCl were removed using 5% sodium thiosul-
fate (HT1005, Sigma-Aldrich Chemie GmbH, Taufkirchen, Ger-
many), and sterile saline solution was used to wash the operation 
place. The coronal cavity access was performed using a sterile 
diamond bur (Meisinger 801-16, Germany). The first samples of 
microorganisms were taken by sterile paper points placed 2 mm 
shorter than the root canal length for 60 seconds. The samples 

Figure 1.  The root resorption degrees for mandibular deciduous molars.

Figure 2.  Flowchart of study design.
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were taken from the largest (distal) canal of the tooth, and mean-
while, the other canal orifices were closed by sterile cotton pel-
lets. The paper points were placed in sterile tubes containing 2 
mL reduced transport fluid and transported to Gazi University 
Faculty of Pharmacy Department of Pharmaceutical Microbi-
ology laboratories. After the first samples were obtained, the 
mechanical preparation was done with ISO 30 K files (Golden Star 
Medical, Guangdong). The chemical applications were performed 
after the mechanical applications were made in both study and 
control groups.

In Group 1, 10 mL 2.5% NaOCl application followed the mechanical 
preparation. After 2 mL 0.9% saline application, the second sam-
ples were taken by placing a sterile cone in the largest canal of 
the tooth (distal canal for 60 seconds). The mesiobuccal and dis-
tobuccal canals were closed with a sterile cotton pellet while the 
samples were taken. After the application, the root canal filling 
was completed with a calcium hydroxide-containing paste (Tg-
Pex™, London, England), glass ionomer cement (Ionofil U, Voco, 
Cuxhaven, Germany) was placed, and the teeth were restored 
with a Stainless-Steel Crown (3M ESPE, Seefeld, Germany).

In Group 2, the canals were irrigated with 10 mL 0.9% sterile 
saline. Ozone treatment (OzonyTronX with CA probe) was applied 
for 80 seconds, and 2 mL 0.9% saline application was performed. 
Finally, the second samples were taken by the method described 
in group 1, and the canal treatment was completed the same as 
mentioned in group 1.

In Group 3, the disinfection of root canals was done using 10 mL, 
2.5% NaOCl, and ozone treatment for 80 seconds, and 2 mL 0.9% 
saline application was performed. Finally, the second samples 

were taken by the method described in group 1, and the canal 
treatment was completed in the same manner as mentioned in 
group 1. The materials used in the study are listed in Table 1. The 
clinical procedures are shown in Figure 4.

The Microbial Analyses
The microbial samples were obtained by using a sterile paper 
point. After the coronal cavity was prepared and the disinfection 
agents were applied, the initial and the last root canal microbiota 
was obtained by placing a paper point in the root canals for 60 
seconds. These paper points were immediately placed in sterile 
tubes containing RTF and transported to the pharmaceutical 
microbiology laboratories.

The colonization of C. albicans and E. faecalis was assessed by 
10 times diluting the samples in PBS (Phosphate buffered saline) 
and inoculating the samples in MacConkey agar in 3 parallel lines. 
The identification of microorganisms was made by API (micro-
organism identification) kits (Biomerieux, Marcy-l'Étoile, France 
), and the values of alive microorganisms were assessed macro-
scopically in colony-forming unit (CFU)/mL, in a microaerophilic 
atmosphere (Anaerocult C), 37°C, following the incubation of 
48 hours (Arendorf & Walker 1979).

Statistical Analysis
Statistical Package for the Social Sciences (SPSS) version 21.0 for 
Windows (IBM Corp.; Armonk, NY, USA) was used to analyze the 
study results. Whether the distribution of continuous-measure 
variables was close to normal was investigated using the Shap-
iro–Wilk test, and the homogeneity of variances was investigated 
with the Levene test. Descriptive statistics are shown as mean 
(standard deviation). The effectiveness of the irrigation agent 
was evaluated with the “Wilcoxon Sequential Sign Test” using 
pre-post-irrigation data for in-group comparison. The difference 
between the groups was also evaluated by performing the “Krus-
kal–Wallis test” separately on the microbiological data obtained 
before and after the application. If there was a significant differ-
ence due to the Kruskal–Wallis test, the groups causing the dif-
ference were determined by Conover’s non-parametric multiple 
comparison test.

RESULTS
In Table 2, the results of the descriptive statistical analyses of the 
values of C. albicans and E. faecalis prior to the application and 
following the applications were shown in Log CFU. According to 
the study results, the number of viable microorganisms was sig-
nificantly reduced compared to the initial samples in all groups 
(P < .05).

However, according to the Kruskal–Wallis analyses in which the 
initial microorganism values versus the values obtained following 

Table 1.  The Materials and Chemical Agents Used in the Study

Material Ingredients Producer Firm
Xylocaine 10% spray Lidocain 10% AstraZeneca, Switzerland
Ultracain D-S ampul 40 mg articain hydrochloride, 0.006 mg epinephrine hydrochloride, 0. 5 mg sodium metabisulfite, 

1 mg sodium chloride, 0.3162 mg 0.1 N hydrochloric acid, and 1 mL water for injection
Aventis Farma, Turkey

Saline solution 0.9% isotonic sodium chloride, 0.9 g sodium chloride (154 mEq/L sodium and 154 mEq/L chloride), 
100 mL water for injection

İ.E Ulagay, Istanbul, Turkey

Sodium hypochlorite 
(NaOCl)

5% NaOCl and sterile saline Wizard, Rehber Kimya San. ve Tic, Istanbul, 
Turkey

Ca(OH)2 paste 30% Ca(OH)2, 40.4% iodoform, 22.4% silicon oil Tg-Pex™, London, England
Glass ionomer cement Florosilicate glass, polyacrylic acid, PHB esters Ionofil U, Voco GmbH, Cuxhaven, Germany
Gaseous ozone OzonyTronX®, Mymed, Germany
Stainless steel crown 72% iron, 18% crom, 10 % nickel manganese, silicon, and carbon 3M ESPE, Seefeld, Germany
Reduce transport fluid NaCl, (NH4)2SO4, KH2PO4, KHPO4, Mg2SO4, NaEDTA, l-cysteine Merck, Turkey

Figure 3.  Determining the root length using standard parallel technique 
(Digora® Soredex, Soredex Medical Systems, Helsinki, Finland).
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the antimicrobial treatment applications were compared, the 
number of viable microorganisms revealed higher values in the 
ozone group (Table 3, Figures 5 and 6).

The Wilcoxon signed-rank test determined the decrease of the 
microorganisms in root canals in percentage to compare the 
effect of irrigation procedures (E. faecalis and C. albicans) (inter-
group comparisons-between the groups).

Group 1 showed better results in eliminating the viable C. albicans 
versus group 2 (P = .033). The percentage decrease in the number 
of C. albicans was higher in group 3 (99.3%). This decrease was 
statistically higher than group 1 (96.1%) and group 2 (94.2%).

The decrease in the number of E. faecalis was higher in group 
3 (99.4%) compared to group 1 (99.1%) and group 2 (98.7%) 

(P = .006). Although the percent of the unviable microorganisms 
was higher in group 1, there was no statistical difference versus 
group 2 (P > .05).

Groups 1, 2, and 3 revealed better results in eliminating the via-
ble E. faecalis versus eliminating the viable C. albicans (P = .008, 
P = .015, P = .002).

DISCUSSION
In the current study, in which the antibacterial activity of ozone 
application on E. faecalis and C. albicans in infected primary 
tooth’s root canals was compared with NaOCl, all agents revealed 
an antimicrobial activity on both E. faecalis and C. albicans colo-
nization and the number of the viable microorganism decreased 
in all groups compared after the applications of irrigation agents. 
Ozone’s combined use with NaOCl was found to be superior to 
NaOCl alone and the hypothesis of the study was rejected.

For E. faecalis, ozone gas application (98.7%) provides a numeri-
cally lower effect than the application of NaOCl alone (99.1%); the 
difference is not statistically significant. However, the effect in the 
group (99.4%) in which NaOCl and ozone were applied together 
was significantly higher than the other groups. For C. albicans, 
although the application of ozone gas (94.2%) provides a numeri-
cally lower effect than the application of NaOCl alone (96.1%), 
the difference is not statistically significant. However, the effect 
seen in the group (99.3%) in which NaOCl and ozone were applied 
together was significantly higher than the other groups.

In the literature review, according to previous in vitro and in vivo 
studies, the antimicrobial effect of NaOCl showed better results 
versus the various antimicrobial agents used (e.g., ozone, saline, 
laser applications, green tea).2,3,5 Kapdan et al2 held a similar study, 
aimed to assess the effect of different irrigation procedures on the 
viability of E. faecalis colonized in primary incisors’ roots (n = 60), 
in vitro. Gaseous ozone (150 seconds), NaOCl, KTP (potassium 
titanyl phosphate) laser, and saline solution were used as disin-
fection agents and techniques. Results of the study showed that 
NaOCl was superior to all groups compared. The results of the 
study were similar to the current study we conducted. Öter et al4 
studied the antimicrobial effects of Endosafe, PAD (photo-acti-
vated disinfection), diode laser, ozone, and NaOCl on microbial 
colonization on 100 extracted human primary molars. According 

Figure 4.  The clinical procedures of different disinfection agents’ 
applications. (A) The coronal access cavity was performed under rubber 
dam isolation. (B) A patient from Group 1—NaOCl irrigation was 
performed. (C) A sample from Group 2—saline application. (D). Group 
2—ozone application. (E) Group 3—NaOCl application. (F) Group 
3—ozone application. (G) The microbial samples were taken by sterile 
cotton pellets. (H) The microbial samples were placed into RTF-
containing tubes and transferred to laboratories.

Table 2.  The Mean Values of the Microorganisms Obtained Before/After the Irrig​ation​/Disi​
nfect​ion Procedures (Log CFU)

Before 
Irrigation n

(Log CFU) Mean 
(Standard 
Deviation)

After 
Irrigation n

(Log CFU) Mean 
(Standard 
Deviation)

C. albicans C. albicans
Group 1 12 3.6675 (0.41784) Group 1 12 .014417 (0.0036546)
Group 2 12 3.4892 (0.54773) Group 2 12 .022167 (.0156253)
Group 3 12 4.4514 (0.08507) Group 3 12 .014917 (.014917)
E. faecalis E. faecalis
Group 1 12 4.1350 (0.63110) Group 1 12 .015333 (.0025346)
Group 2 12 4.3233 (0.89024) Group 2 12 .028667 (.0338213)
Group 3 12 4.5417 (0.02488) Group 3 12 .013500 (.0018340)

Table 3.  Decrease in the Amount of C. albicans and E. faecalis in Percentage Following Irrig​
ation​/Disi​nfect​ion Procedures

Groups C. albicans E. faecalis P
Group 1 96.1 (5.15)A 99.1 (1.06)D .008*

Group 2 94.2 (7.40)B 98.7 (1.21)D .015*

Group 3 99.3 (0.82)C 99.4 (0.63)E .002*

P .033* .006*

*P < .05.**Same upperletters means no statistical difference
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to the results, NaOCl revealed better results than diode laser 
application. Diode laser was superior to ozone, Endosafe, and PAD 
groups. The efficiency of ozone was similar to the Endosafe and 
PAD applications. This study has also revealed that NaOCl appli-
cation was superior to ozone application by means of root canal 
disinfection efficiencies.

However, in an in vivo study, Ajeti et al24 (2018) assessed the dis-
infection efficiencies of 0.9% NaCl, 2.5% NaOCl, and 2% CHX com-
bined with gaseous ozone. The last group (2% CHX combined with 
gaseous ozone) revealed superior results compared to the groups 
studied. The results of this study were different from our findings. 
However, Ajeti et al24 studied the effect of the combined use of 
CHX and ozone versus NaOCl. The additional antimicrobial effect 
of CHX may enhance the efficiency of ozone gas, and the success 
of ozone-CHX versus NaOCl could be attributed to the effect of 
CHX use.

In another previous study, Agarwal et  al3 (2020) compared 
the antimicrobial efficiency of ozone, green tea, and saline 
in 60 primary teeth with a single root, in vivo. The microbial 
samples were taken before treatment, after the irrigation, and 
on the third day after the treatment. The results showed that 
the antimicrobial effect of ozone application was superior to 
green tea and saline treatments. The result of this study was 
different from the findings of the current study we held. This 
difference might be attributed to the fact that, in the study 

by Agarwal et al,3 the antimicrobial effect of ozone was com-
pared to saline and green tea. The comparison between ozone 
and NaOCl was not made in this study, and the results might 
be changed if the study groups were enlarged, including the 
application of NaOCl.

The study was held on clinical conditions; although clinical stud-
ies are more respectable than in vitro studies, environmental 
and biological factors may affect the study results. The findings 
might differ if the study was supported with an in vitro trial stage. 
Repeating the treatment in a larger patient population may 
enhance the reliability of the study. Furthermore, only the gas-
eous form of ozone was obtained and used in the current study. 
However, different ozone forms, such as oiled ozone and ozon-
ated water, could affect the study results. These could be men-
tioned as the limitations of the current study

Based on our findings, ozone gas could be an alternative agent 
in pediatric patients with fear and anxiety, thanks to the dis-
infection effect with short application time in infected root 
canals. Furthermore, ozone gas could be an aid to NaOCl in 
endodontic treatment, thanks to its enhanced antibacterial 
efficiency when used following mechanical instrumentation. 
However, long-term follow-up clinical studies are needed to 
assess the effect of ozone gas application on the success rate 
of endodontic treatment of primary teeth with periapical/fur-
cation lesions

Figure 5.  (A) C. albicans and E. faecalis amounts isolated from root canals before irrigation. (B) C. albicans and E. faecalis amounts isolated from root 
canals after irrigation.

Figure 6.  The decrease of viable microorganisms in percentage after the final irrigation compared to before irrigation.
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