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Abstract
Introduction: Biofilms of resistant species such as
Enterococcus faecalis pose a major challenge in
the treatment of root canals with established periapical
disease. This study examined the effects of gaseous
ozone delivered into saline on biofilms of E. faecalis
in root canals of extracted teeth with and without the
use of passive ultrasonic agitation. Methods: Biofilms
of E. faecalis were established over 14 days in 70
single roots that had undergone biomechanical preparation followed by gamma irradiation. The presence and
purity of biofilms were confirmed using scanning electron microscopy and culture. Biofilms were treated
with saline (negative control), 1% sodium hypochlorite
for 120 seconds (positive control), ozone (140 ppm
ozone in air at 2 L/min delivered into saline using
a cannula for 120 seconds), saline with passive ultrasonic activation (70 kHz and 200 mW/cm2 applied to
an ISO 15 file held passively within the canal, for 120
seconds), and ozone followed immediately by ultrasonic
agitation. After treatment, samples were taken from the
biofilm and serially diluted for plate counting. Results:
Analysis revealed that 1% sodium hypochlorite was
the most effective disinfecting agent followed by ozone
combined with ultrasonic agitation, ozone alone, and
finally ultrasonic alone. Conclusions: Although none
of the treatment regimes were able to reliably render
canals sterile under the conditions used, ozone gas
delivered into irrigating fluids in the root canal may be
useful as an adjunct for endodontic disinfection. (J Endod 2012;38:523–526)
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n order for bacteria to remain viable in a treated root canal system, they must be able
to survive chemomechanical preparation and medication phases and persist in a lownutrient environment. Enterococcus faecalis is commonly isolated in root canal
systems with persistent disease (1–7), and it resists the antimicrobial actions of
sodium hypochlorite and medicaments (1, 8, 9). When present in a biofilm, E.
faecalis presents a particular challenge because of poor antimicrobial penetration,
a low growth rate, and altered gene expression (10).
One possible agent of interest for dealing with persistent organisms is ozone. This
thermodynamically unstable short-lived oxygen decomposes to pure oxygen in a short
period and generates oxygen-free radicals when in an aqueous solution (11). It is
a strong oxidizing agent that causes lipid peroxidation and alters membrane permeability and function (11, 12). The bactericidal and virucidal properties of ozone are
well recognized (13–17) and have shown to reduce the level of viable E. faecalis in
dentine tubules (16). Several endodontic pathogens including E. faecalis are rendered
nonviable upon exposure to 2 and 4 ppm (mg/L) ozone in water (17, 18). Nagayoshi
et al (16) found that combined with sonication, aqueous ozone (4 ppm) gave a similar
reduction in colony-forming units as 2.5% sodium hypochlorite; however, the effects on
biofilms were not investigated nor have effects of gaseous ozone delivered directly into
water or saline in the root canal.
Numerous studies have shown that the activation of irrigants with ultrasonic energy
increases their bactericidal effects (13, 19–23). Previous work in industrial settings has
shown the enhancement of biofilm removal by ozone followed by ultrasound (22). To
date, there have been no studies of endodontic applications of ozonated fluids agitated
by ultrasonics. The aim of the present study was to assess the antimicrobial efficiency of
a gaseous ozone delivery system with and without ultrasonic agitation of the canal
contents against biofilms of E. faecalis.

Materials and Methods
Sample Preparation
A total of 70 single roots from extracted caries-free anterior teeth were used. The
roots were sectioned and the cut surface polished using a diamond-polishing wheel to
give a consistent length of 12 mm. A 3-mm-deep reservoir in the coronal aspect of the
root canal was created using a #5 Gates Glidden bur. The coronal portion of the canal
was then further instrumented using a number 3 Gates Glidden bur before instrumentation with K3 rotary nickel-titanium (NiTi) files. The canals were prepared in a crowndown fashion using NiTi rotary instruments in a torque-controlled handpiece to ISO 35
with a 6% taper, so that a size 25 K-file would pass to a length of 1 mm beyond the apex
of the tooth (24). One percent sodium hypochlorite and 17 % EDTA were used as
sequential irrigants between each instrumentation cycle. A total of 10 mL of each irrigant
was used per canal. A final 2-minute rinse of EDTA followed by sodium hypochlorite was
undertaken, after which an ISO 10 file was placed through the apical foramen to ensure
patency.
The roots were then mounted in a system that was modified from that described
previously (25, 26). A hole was cut into the lid of a sterile 5-mL specimen container to
allow the root to be placed through the lid before being sealed with sticky wax. The
external root surface was coated with nail varnish before the samples were sterilized
using 20 kGy of gamma radiation (Steritech, Narangba, QLD, Australia).
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Bioﬁlm Model
E. faecalis (ATCC 29212) was subcultured onto Trypticase soy
agar plates (Oxoid, Basingstoke, UK) containing 5% defibrinated sheep
blood at 37 C in 5% CO2 in air. Gram staining and colony morphology
were used to monitor purity, whereas identity was confirmed using
API20 Strep (bioMerieux, Marcy l’Etoile, France). A single colony
was used to generate a stock inoculum in Trypticase soy broth. Root
canals were inoculated using 0.1-mL aliquots each day for 14 days.
Complete infection of the root canal was confirmed by the development
of turbidity within the broth contacting the apical portion of the root.
Biofilm formation was confirmed by scanning electron microscopy of
selected roots, which were fixed for 24 hours in 4% buffered paraformaldehyde before being split longitudinally, sputter coated with gold,
and examined under low vacuum conditions up to 20,000. The split
roots were examined along the entire length of the canal, with particular
attention given to the apical third region.
Experimental Groups and Treatments
Roots were assigned randomly to 1 of 5 groups. Immediately
before treatment, the lumen of the canal was filled with 100 mL sterile
saline using a 35-G needle. The saline (negative control) group underwent irrigation with 5 mL sterile saline delivered over 2 minutes. In the
positive control group, canals were irrigated with 5 mL 1% sodium
hypochlorite over 2 minutes and then flushed with sterile saline.
In the ozone-treated group, a sterile cannula attached to a dental
ozone system (Prozone; W&H Dental Werk Burmoos GmbH, Burmoos,
Austria) was introduced into100 mL sterile saline in the root canal until
2 mm short of the working length. Ozone-enriched air (140 ppm, 2 L/
min) was delivered for 24 seconds as recommended by the manufacturer. The cannula was removed from the canal after each 24-second
cycle to prevent room air being delivered during system purging. The
canal was then refilled with fresh saline, and the ozonation treatment
was repeated 4 times giving a total ozonation time of 2 minutes, after
which there was a final saline flush.
In the passive ultrasound group, an ISO 15 K-file placed
passively in saline was activated using an ultrasonic scaler (Perioscan; Sirona, Bensheim, Germany) at 70 kHz and 200 mW/cm2
for 30 seconds. The canal was then irrigated with saline for 24
seconds, and the process was repeated until a total irrigation time
of 2 minutes was reached.
In the ultrasound-activated ozone group, after the lumen of the
canal was filled with sterile saline and the saline was ozonated for 24
seconds, the saline was then subjected to passive ultrasound for 30
seconds. Fresh saline was then placed into the canal, and this
process was repeated until a total irrigation time of 2 minutes was
reached.
Colony Counting
Immediately after the various treatments, a sterile size 35/02
Hedstrom file was circumferentially filed clockwise in the canal for
20 strokes with light pressure in order to collect as much of the biofilm as possible (27). The intention of the sampling method was to
collect well-attached bacteria from deep in the biofilm as well as
loosely attached superficial bacteria on the biofilm surface. The
file was then placed into 500 mL sterile saline and vortex mixed
for 30 seconds to disperse the organisms. The bacterial suspension
was serially diluted and 50 mL pipetted onto the surface of triplicate
Trypticase soy agar plates, which were then incubated for 3 days. The
number of colony-forming units (CFUs) per plate was determined,
with serial dilutions of 1:100 and 1:1,000 proving to be the most
useful for this purpose.
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Analysis of Data
To obtain a conservative measurement of the efficacy of each treatment, the highest bacterial counts for each sample were used. Logtransformed data were analyzed using a Kruskall-Wallis test with post
hoc Dunn multiple comparison tests.

Results
Scanning electron microscopic examination of the negative
control roots (treated with saline only) confirmed that a dense biofilm
was present in the canals before the various treatments (Fig. 1). There
was a significant difference between the 5 groups (P < .0001, Fig. 2).
Overall, 1% sodium hypochlorite was the most effective disinfecting
agent followed by ozone combined with ultrasonic agitation, ozone
alone, and finally ultrasonic alone.
In the positive control group, exposure to 1 % sodium hypochlorite for 2 minutes produced a 93.5 % reduction in viable CFUs
compared with the saline negative control, whereas passive ultrasonication produced a 50.2% reduction. Exposure to ozone-enriched air for
a total period of 2 minutes resulted in a 71.6% reduction in viable CFUs
compared with the control group, whereas treatment with ozone gas
combined with ultrasonic agitation resulted in an 83.8% reduction in
viable CFUs.
There was a consistent trend for ultrasonic activation to increase
the efficacy of ozone, but this did not reach statistical significance
(Table 1). Of note, none of the treatment regimes were able to reliably
reduce counts to zero under the exposure conditions used (Fig. 2).

Discussion
The present study shows that ozone-enriched air bubbled into
saline exerts an antimicrobial action against an established biofilm,
which is enhanced by ultrasonic agitation. This positive result contrasts
with past work, which compared the efficacy of ozone with other antimicrobial agents using short-term broth cultures rather than biofilms
(28, 29). Past work has used very low doses of ozone (18), whereas
the present study assessed the capability of ozone in terms of its antibacterial actions against an intact biofilm of E. faecalis under exposure
conditions that more closely resemble those used in clinical practice.

Figure 1. A scanning electron microscopic view of E. faecalis biofilm in
a control root (group 1) (10,000). Individual cocci can be seen embedded
in a dense matrix. Several stacks can be seen rising from the biofilm surface.

JOE — Volume 38, Number 4, April 2012

Basic Research—Technology
Conclusions
The results of this laboratory study provide support for the concept
that ozone gas delivered into irrigating fluids in the root canal may be
useful as an adjunct for endodontic disinfection. Further research
should be undertaken to examine the efficacy of agitated ozone on
bacteria other than E. faecalis and, in particular, on mixed biofilms.
It would also be of interest to compare rinsing canals with ozonated
water or other fluids as opposed to delivering ozone-enriched air as
in the present study.
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Figure 2. The reduction in viable CFUs (mean and standard error).

The present results indicate that saline-filled canals treated with
ozone or with ozone followed by ultrasonic agitation contained fewer
viable bacteria compared with those treated with ultrasonically agitated
saline. There was a trend toward a greater reduction in viable bacteria
when ultrasonic agitation was combined with ozone compared with
ozone used alone, but this failed to reach statistical significance at the
P < .05 level. These results indicate some potential for locally delivered
ozone to be used as an adjunct to existing methods for root canal disinfection.
Not surprisingly, the positive control treatment involving 1%
sodium hypochlorite was found to be the most effective, giving a statistically greater reduction in surviving bacteria than ozone. The better
performance of 2.5 % sodium hypochlorite over gaseous ozone has
been reported in previous studies using planktonic E. faecalis bacteria
(30). Unlike this previous work, in the present study, an exposure time
of 2 minutes to sodium hypochlorite could not render the canals
completely free of viable bacteria. This reinforces the difficulty faced
when using chemical treatments alone in dealing with bacteria in the
root canal environment.
The benefits of ultrasonic energy combined with ozone seen in this
study are similar to the effects seen when physical agitation using lasergenerated shockwaves are combined with irrigants such as EDTA and
hydrogen peroxide (30, 31). The mechanical agitation of fluid appears
to enhance smear layer removal and the disruption of biofilms.
The latter effect is known in industrial settings, but the phenomenon
requires more research to ensure that the optimal benefits are gained
when it is applied to the clinical setting of endodontics.
TABLE 1. Group Comparisons Using the Dunn Multiple Comparisons Test
Comparison

P value

Saline vs NaOCl
Saline vs ozone with ultrasonic
Saline vs ozone
Saline vs ultrasonic
NaOCl vs ozone with ultrasonic
NaOCl vs ozone
NaOCl vs ultrasonic
Ozone vs ozone with ultrasonic
Ultrasonic vs ozone with ultrasonic
Ozone vs ultrasonic

<.001
<.001
<.001
NS
NS
<.05
<.001
NS
<.001
<.01

NS, not significant.

JOE — Volume 38, Number 4, April 2012

1. Molander A, Reit C, Dahlen G, Kvist T. Microbiological status of root-filled teeth with
apical periodontitis. Int Endod J 1998;31:1–7.
2. Sundqvist G, Figdor D, Persson S, Sjogren U. Microbiologic analysis of teeth with
failed endodontic treatment and the outcome of conservative re-treatment. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 1998;85:86–93.
3. Pinheiro ET, Gomes B, Ferraz CCR, et al. Evaluation of root canal microorganisms
isolated from teeth with endodontic failure and their antimicrobial susceptibility.
Oral Microbiol Immunol 2003;18:100–3.
4. Figdor DS, G. A big role for the very small—understanding the endodontic microbial flora. Aust Dent J 2007;52:S38–51.
5. Sundqvist G. Ecology of the root canal flora. J Endod 1992;18:427–30.
6. Sundqvist G. Associations between microbial species in dental root canal infections.
Oral Microbiol Immunol 1992;7:257–62.
7. Sundqvist G. Taxonomy, ecology and pathogenicity of the root canal flora. Oral Surg
Oral Med Oral Pathol 1994;78:522–30.
8. Bystrom A, Claesson R, Sundqvist G. The antibacterial effect of camphorated paramonochlorophenol, camphorated phenol and calcium hydroxide in the treatment of
infected root canals. Endod Dent Traumatol 1985;1:170–5.
9. Nakajo K, Nakazawa F, Iwaku M, Hoshino E. Alkali-resistant bacteria in root canal
systems. Oral Microbiol Immunol 2004;19:390–4.
10. Wilson M. Susceptibility of oral bacterial biofilms to antimicrobial agents. J Med
Microbiol 1996;44:79–87.
11. Stubinger S, Sader R, Filippi A. The use of ozone in dentistry and maxillofacial
surgery: a review. Quintessence Int 2006;37:353–9.
12. Mustafa M. Biochemical basis of ozone toxicity. Free Radic Biol Med 1990;9:
245–65.
13. Dyas A, Boughton BJ, Das BC. Ozone killing action against bacterial and fungal
species; microbiological testing of a domestic ozone generator. J Clin Pathol
1983;36:1102–4.
14. Burleson GR, Murray TM, Pollard M. Inactivation of viruses and bacteria by ozone,
with and without sonication. Appl Microbiol 1975;29:340–4.
15. Restaino L, Frampton EW, Hemphill JB, Palnikar P. Efficacy of ozonated water
against various food-related microorganisms. Appl Env Microbiol 1995;61:
3471–5.
16. Nagayoshi M, Kitamura C, Fukuizumi T, et al. Antimicrobial effect of ozonated water
on bacteria invading dentinal tubules. J Endod 2004;30:778–81.
17. Nagayoshi M, Fukuizumi T, Kitamura C, et al. Efficacy of ozone on survival
and permeability of oral microorganisms. Oral Microbiol Immunol 2004;19:
240–6.
18. Hems RS, Gulabivala K, Ng YL, et al. An in vitro evaluation of the ability of ozone to
kill a strain of Enterococcus faecalis. Int Endod J 2005;38:22–9.
19. Spoleti P, Siragusa M, Spoleti MJ. Bacteriological evaluation of passive ultrasonic
activation. J Endod 2003;29:12–4.
20. Gutarts R, Nusstein J, Reader A, Beck M. In vivo debridement efficacy of ultrasonic
irrigation following hand-rotary Instrumentation in human mandibular molars.
J Endod 2005;31:166–70.
21. Lee SJ, Wu MK, Wesselink PR. The effectiveness of syringe irrigation and ultrasonics
to remove debris from simulated irregularities within prepared root canal walls. Int
Endod J 2004;37:672–8.
22. Bott TR, Tianqing L. Ultrasound enhancement of biocide efficiency. Ultrason Sonochem 2004;11:323–6.
23. Peterson RV, Pitt WG. The effect of frequency and power density on the
ultrasonically-enhanced killing of biofilm-sequestered Escherichia coli. Colloids
Surf B - Biointerfaces 2000;17:219–27.
24. Buchanan LS. The standardized-taper root canal preparation - Part 1. Concepts for
variably tapered shaping instruments. Int Endod J 2000;33:516–29.

Ozone and Ultrasonic Activation

525

Basic Research—Technology
25. Distel JW, Hatton JF, Gillespie MJ. Biofilm formation in medicated root canals.
J Endod 2002;28:689–93.
26. Roach RP, Hatton JF, Gillespie MJ. Prevention of the ingress of a known virulent bacterium into the root canal system by intracanal medications. J Endod 2001;27:657–60.
27. Lynch E. Evidence based efficacy of ozone for root canal irrigation. J Esth Restor
Dent 2008;20:287–93.
28. Lynch E. Comment on ‘‘The application of ozone in dentistry: a systematic review of
the literature.’’. J Dent 2009;37:406–10.

526

Case et al.

29. Kustarci A, Sumer Z, Altunbas D, Kosum S. Bactericidal effect of KTP laser irradiation
against Enterococcus faecalis compared with gaseous ozone: an ex vivo study. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2009;107:e73–9.
30. George R, Meyers IA, Walsh LJ. Laser activation of endodontic irrigants with
improved conical laser fiber tips for removing smear layer in the apical third of
the root canal. J Endod 2008;34:1524–7.
31. Hmud R, Kahler WA, George R, Walsh LJ. Cavitational effects in aqueous endodontic
irrigants generated by near-infrared lasers. J Endod 2010;36:275–8.

JOE — Volume 38, Number 4, April 2012

