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QUESTION: As a follow-up to the
recently published information on
ozone as a means of caries treat-
ment, can you provide some infor-
mation on the use of ozone in root
canal therapy?

ANSWER: Ozone has been proposed
as a dental antiseptic agent based
on reports of its antimicrobial
effects in both gaseous and
aqueous forms. Ozone is effective
when it is prescribed in sufficient
concentration, used for an
adequate time, and delivered cor-
rectly into root canals after the
traditional cleaning, shaping, and
irrigation have been completed.
Ozone will not be effective if too
little dose of ozone is delivered or
it is not delivered appropriately.

Ozone should be used after the
conventional cleaning, shaping,
and irrigation of root canals, and
the ozonated liquid in the canal
system should be agitated
with ultrasound.

P R O V E N A N T I M I C R O B I A L

E F F I C A C Y O F O Z O N E

Ozone is one of the most powerful
antimicrobial agents available for
use in medicine or dentistry.1 As
failure of root canal therapy is
mainly caused by microorganisms,
it is not surprising that there are
enormous advantages to killing
these pathogens. Numerous peer-
reviewed published research papers
have proven the antimicrobial
effectiveness of ozone as a gas and
as ozonated water.2–20

In model dental unit water lines,
ozone achieved a 57% reduction in
biofilm and a 65% reduction in
viable bacteria in spite of being
used in a very low dose and with a
short time of application.21 Ozone
rapidly kills otherwise hard to
kill microorganisms.

R E C O M M E N D E D U S E O F O Z O N E

I N R O O T C A N A L T H E R A P Y

Ozone works best when there is
less organic debris remaining.
Therefore, the recommendation is
to use either ozonated water or
ozone gas at the end of the clean-
ing and shaping process. I person-
ally still use my conventional
irrigants during this earlier phase
and I finally irrigate with ozonated
water (TherOzone, Santa Monica,
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CA, USA) using ultrasonics. I also
bubble ozone gas (HealOzone,
KaVo, Biberach, Germany) into
this ozonated water and use ozon-
ated oil (Lime Technologies Ltd.,
Capetown, South Africa) as
a medicament.

C O M PA R I S O N O F T H E U S E O F

O Z O N E A N D S O D I U M

H Y P O C H L O R I T E I N

R O O T C A N A L T H E R A P Y

Oxygen has a dramatically toxic
effect to microaerophilic and
anaerobic bacteria. Virtej and col-
leagues22 compared the antimicro-
bial performance of four systems
used as root canal irrigants.
Seventy instrumented and initially
sterile roots with open access cavi-
ties and containing a paper point
were carried by one volunteer in
the oral cavity for 1 week. After
removal, the samples were taken
for microbiologic analysis. The
root canals were then disinfected
with the Endox Endodontic System
(Lysis S.r.l., Nova Milanese [MI],
Italy), MTAD (Dentsply Tulsa
Dental, Tulsa, OK, USA), 3%
sodium hypochlorite (NaOCl), or
HealOzone, and thereafter, the
samples were repeated for micro-
biologic analysis. The roots were
then sealed and incubated for a
further week, after which bacterial
growth was again determined.
After disinfection, there was a sig-
nificant decrease in the absolute
bacterial count between each disin-
fection method and the positive

control group. There was no statis-
tically significant difference
between the 3% NaOCl, MTAD,
and HealOzone groups. The Endox
device showed the least antibacte-
rial effect with significant differ-
ences to MTAD and HealOzone.
Bacterial regrowth after 1 week of
incubation was detected in all
specimens of the control group,
whereas the test groups showed
several bacteria-free specimens.
The authors concluded that ozone
has great potential in endodontic
antimicrobial use and that MTAD
and HealOzone seem to be as
effective as 3% NaOCl in reducing
mixed bacterial infection in the
root canal system.22

I would speculate that the antimi-
crobial effect of the ozone would
have been even greater if it had
been used as I recommended
above. I personally feel that con-
ventional irrigation (including
NaOCl) should be used during
cleaning and shaping, and ozon-
ated water (ideally with ozone gas)
should be used as the final irrigant
with ultrasonication.

Cardoso and colleagues2 concluded
that the ozonated water, used as an
irrigant agent, significantly reduced
the number of Candida albicans
and Enterococcus faecalis in root
canals in human teeth.

A review23 identified four
studies6,24–26 investigating the

bactericidal effect of ozone as
compared with 2.5 to 5% sodium
hypochlorite as irrigation solutions
in endodontics.

Nagayoshi and colleagues6 found
nearly the same antimicrobial
activity (against E. faecalis and
Streptococcus mutans) and a
lower level of cytotoxicity of ozo-
nated water as compared with
2.5% NaOCl. They stated,
“Ozone is known to act as a
strong antimicrobial agent against
bacteria, fungi, and viruses. In the
present study, we examined the
effect of ozonated water against
Enterococcus faecalis and Strepto-
coccus mutans infections in vitro
in bovine dentin. After irrigation
with ozonated water, the viability
of E. faecalis and S. mutans invad-
ing dentinal tubules significantly
decreased. Notably, when the
specimen was irrigated with soni-
cation, ozonated water had nearly
the same antimicrobial activity
as 2.5% sodium hypochlorite
(NaOCl). We also compared the
cytotoxicity against L-929 mouse
fibroblasts between ozonated
water and NaOCl. The metabolic
activity of fibroblasts was high
when the cells were treated with
ozonated water, whereas that of
fibroblasts significantly decreased
when the cells were treated with
2.5% NaOCl. These results
suggest that ozonated water
application may be useful for
endodontic therapy.”6
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Muller and colleagues24 found 5%
NaOCl superior to gaseous ozone
in eliminating microorganisms
organized in a cariogenic biofilm.
This study reported less than one
log reduction of bacteria after
using ozone gas above biofilms in
culture media, which was only a
similar reduction to that achieved
by using 0.2% chlorhexidine or
photoactivated disinfection.24

However, it should be noted that
ozone is a potent oxidant and will
undergo a redox reaction with
reductants in a culture media. In
addition, the authors did not
bubble the ozone into the biofilm.
Ozone should be delivered under
pressure into a root canal irrigant
or lesion by pressing the delivery
tube onto the surface so that ozone
can penetrate the root canal irrig-
ant or lesion. In vivo root canal
contents and caries, unlike artificial
biofilms, contain many molecules
such as iron, which can increase
the antimicrobial effectiveness of
ozone in teeth and can help
produce the powerful hydroxyl
radicals in vivo to further increase
the antimicrobial effectiveness
of ozone.

Moreover, another study25 has
found that the irrigation of
infected human root canals with
ozonated water, 2.5% NaOCl, 2%
chlorhexidine, or the application of
gaseous ozone was not sufficient to
inactivate E. faecalis. The method-
ology used was obviously spartan,

as no tested agent had any antimi-
crobial effect. It is highly probable
that the ozone (oxidant) reacted
preferentially with the reductants
in the brain–heart infusion used for
the inoculation in a simple redox
reaction rather than with the
bacterial strain.

Hems and colleagues26 concluded
that “ozone had an antibacterial
effect on planktonic E. faecalis
cells and those suspended in fluid,
but little effect when embedded in
biofilms. Its antibacterial efficacy
was not comparable with that of
NaOCl under the test conditions
used.” Unfortunately, these authors
used an extremely low dose of
ozone in their experiments. The
concentration of ozone mentioned
in the paper was only 0.68 ppm.
This concentration was immedi-
ately after production and would
have reduced further by the time it
was used. This was clearly a biased
comparison as the dose of NaOCl
used was enormous in comparison
to the ozone. Surprisingly, immedi-
ately following ozone sparging,
1 mL of this broth had ozone inac-
tivation by a transfer into 9 mL of
neutralizing broth. This neutraliza-
tion does not appear to have been
similarly used with the NaOCl,
again biasing the experiment.
Given the methodology used in
this paper, and the low dose and
time of application of ozone used,
it is surprising that ozone was as
effective as it was reported.

U S E O F O Z O N AT E D O I L S

A S M E D I C A M E N T S

An investigation evaluated histo-
logically and histobacteriologically
the response of periradicular
tissues to the endodontic treat-
ment of infected root canals per-
formed in a single visit or in two
visits using either ozonated oil or
calcium hydroxide in camphorated
paramonochlorophenol (CMCP) as
an intracanal medication.27 After 6
months, the animals were sacri-
ficed and the specimens were
processed for histologic and histo-
bacteriologic analyses. The root
canals treated in a single visit
showed a success rate of 46%.
When a calcium hydroxide/
CMCP-based interappointment
intracanal medication was used,
74% of the cases were categorized
as successful. In cases where ozon-
ated oil was used as the intraca-
nal medication, the success rate
was 77%.

Siqueira and colleagues28 evaluated
the antibacterial activity of the
ozonated oil and calcium hydrox-
ide pastes against bacterial species
commonly associated with the eti-
ology of periradicular diseases. Of
the tested medicaments, ozonated
oil was the most effective against
the evaluated bacterial species.

B I O C O M PAT I B I L I T Y O F O Z O N E I N

R O O T C A N A L T H E R A P Y

A high level of biocompatibility of
aqueous ozone on human oral

A S K T H E E X P E R T S
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epithelial (BHY) cells, gingival
fibroblast (HGF-1) cells, and
periodontal cells has
been published.6,29–32

Huth and colleagues29 investigated
whether gaseous ozone and
aqueous ozone exerted any cyto-
toxic effects on BHY cells and
HGF-1 cells compared with estab-
lished antiseptics (2 and 0.2%
chlorhexidine digluconate [CHX];
5.25 and 2.25% sodium
hypochlorite [NaOCl]; 3% hydro-
gen peroxide [H2O2]) over 1
minute and compared with the
antibiotic metronidazole over 24
hours. Cell counts, metabolic
activity, Sp-1 binding, actin levels,
and apoptosis were evaluated.
Ozone gas was found to have
toxic effects on both cell types.
Essentially, no cytotoxic signs
were observed for aqueous ozone.
CHX (2%, 0.2%) was highly
toxic to BHY cells, and slightly
toxic (2%) and nontoxic (0.2%)
to HGF-1 cells. NaOCl and H2O2

resulted in markedly reduced cell
viability (BHY, HGF-1), whereas
metronidazole displayed mild tox-
icity only to BHY cells. Taken
together, aqueous ozone had the
highest level of biocompatibility of
the tested antiseptics. Nonetheless,
ozone gas performed well com-
pared with the established endo-
dontic irrigants, which showed
equal or even higher cytotoxic
potentials than ozone gas. In addi-
tion, ozone gas applied into the

moist root canal, as currently
performed with the HealOzone
device, dissolves in canal fluids,
thereby resulting in aqueous
ozone, which then comes into
contact with tissues.

Other reports also reported a high
biocompatibility of aqueous ozone.
Irrigation of the root surface of
avulsed teeth did not reveal a nega-
tive effect on periodontal ligament
cell proliferation.30 A clinical
report regarding the healing-
accelerating effect of ozonated
water did not document detrimen-
tal effects on cells.31

E F F E C T O F A Q U E O U S O Z O N E O N

T H E N F - k B S Y S T E M

The transcription factor NF-kB
plays a crucial role in
inflammatory/immune processes
and apoptosis. NF-kB is also
thought to be of primary impor-
tance in the regulation of
periodontal/periapical inflamma-
tory reactions and the pathogenesis
of periodontal diseases and apical
periodontitis. Huth and col-
leagues32 reported that aqueous
ozone exerts inhibitory effects on
the NF-kB system, suggesting that
it has anti-inflammatory and
immune-modulatory capacities.

O Z O N E I S A P O T E N T O X I D I Z E R

Ozone has been proven to be one
of the most powerful oxidants we
can use in dentistry.33

O Z O N E S Y S T E M S AVA I L A B L E F O R

U S E I N R O O T C A N A L T H E R A P Y

KaVo produces the HealOzone,
which delivers 2,100 ppm ozone at
a flow rate of 615 cc per minute
and has been proven to be safe.34,35

TherOzone produces an excellent
unit to produce ozonated water for
root canal irrigation and numerous
other applications. In addition,
other systems are available (such as
that supplied by Lime Technolo-
gies) that blow ozone into root
canals, but manufacturer’s direc-
tions must be followed in order to
prevent any potential lung inhala-
tion. Lime Technologies also sells
ozonated oils for use as root
canal medicaments.

U S E O F O Z O N E T O M A N A G E A N Y

C A R I E S R E M A I N I N G I N T H E

A C C E S S C AV I T Y

Ozone has been proven to
help reduce cariogenic micro-
organisms and this could be
beneficial to reduce potential
contamination of the canal systems
during instrumentation.20,36–49

E N H A N C E D H E A L I N G A S S O C I AT E D

W I T H O Z O N E U S E

Ozone also can play a key part in
the healing process.6,29–32,50–59

C O N C L U S I O N

Of course, more research on the
use of ozone in root canal therapy
will add to our knowledge
in endodontics.

A S K T H E E X P E R T S
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Thousands of dentists worldwide
use ozone in root canal therapy
and it is claimed that millions of
teeth have received root canal
therapy with ozone having been
used as the final irrigant. No
adverse event has been recorded
after use of the HealOzone
or ozonated water in root
canal therapy.

Ozone is an effective, easy,
cheap, and fast treatment to help
disinfect root canals. Ozone is
much stronger than chlorine and
acts 3,000 times faster without
producing harmful
decomposition products.60

As ozone is the most powerful
antimicrobial and oxidant we can
use in endodontics, and as aqueous
ozone revealed the highest level of
biocompatibility compared with
commonly used antiseptics, then it
is fairly obvious that ozone should
be used to help combat the micro-
organisms associated with infected
root canals.

Ozone has a place in the 21st
century oral health care,61 and we
should use its proven powerful
antimicrobial efficacy and potent
oxidant ability to reduce microor-
ganisms during root canal therapy.
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14. Kandić D. Use of ozone in conservative
dentistry. Stomatol Glas Srb
1968;15:159–65.

15. Sandhaus S. Ozone therapy in odontosto-
matology, especially in treatments of
infected root canals. Rev Belge Med Dent
1965;20:633–46.

16. Barandun A, Boitel RK. Thirteen years of
experience with the Barandun irrigator
and ozone treatment in endodontics. Oral
Surg Oral Med Oral Pathol
1962;15:986–95.

17. Fisch EA. Therapy of periodontal inflam-
mation. Minerva Stomatol 1955;4:8–10.

18. Overdiek HF, Honrath L. Ozone in the
treatment of root canal gangrene. Zah-
narztl Welt Zahnarztl Reform Zwr
1951;6:373–6.

19. Zbinden M. General report on the use of
chlorine and ozone in root canal therapy.
SSO Schweiz Monatsschr Zahnheilkd
1951;61:332–6.

20. Baysan A, Whiley R, Lynch E. Anti-
microbial effects of a novel ozone gener-
ating device on micro-organisms
associated with primary root carious
lesions in vitro. Caries Res 2000;34:498–
501.

21. Walker JT, Bradshaw DJ, Fulford MR,
et al. Microbiological evaluation of a
range of disinfectant products to control
mixed-species biofilm contamination in a
laboratory model of a dental unit water
system. Appl Environ Microbiol
2003;69:3327–32.

22. Virtej A, MacKenzie CR, Raab WH,
et al. Determination of the performance
of various root canal disinfection
methods after in situ carriage. J Endod
2007;33:926–9.

A S K T H E E X P E R T S

V O L U M E 2 0 , N U M B E R 5 , 2 0 0 8 291



23. Azarpazhooh A, Limeback H. The appli-
cation of ozone in dentistry: a systematic
review of literature. J Dent 2008;36:104–
16.

24. Muller P, Guggenheim B, Schmidlin PR.
Efficacy of gasiform ozone and photody-
namic therapy on a multispecies oral
biofilm in vitro. Eur J Oral Sci
2007;115:77–80.

25. Estrela C, Estrela CRA, Decurcio DA,
et al. Antimicrobial efficacy of ozonated
water, gaseous ozone, sodium hypo-
chlorite and chlorhexidine in infected
human root canals. Int Endod J
2007;40:85–93.

26. 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.

27. Silveira AM, Lopes HP, Siqueira JF Jr.,
et al. Periradicular repair after two-visit
endodontic treatment using two different
intracanal medications compared to
single-visit endodontic treatment. Br Dent
J 2007;18:299–304.

28. Siqueira JF Jr., Rôças IN, Cardoso CC,
et al. Antibacterial effects of a new
medicament—-the ozonized oil compared
to calcium hydroxide pastes. Rev Bras
Odont 2000;57:252–6.

29. Huth KC, Jakob FM, Saugel B, et al.
Effect of ozone on oral cells compared
with established antimicrobials. Eur J
Oral Sci 2006;114:435–40.

30. Ebensberger U, Pohl Y, Filippi A. PCNA-
expression of cementoblasts and fibro-
blasts on the root surface after extraoral
rinsing for decontamination. Dent Trau-
matol 2002;18:262–6.

31. Filippi A. The effects of ozonized water
on epithelial wound healing. Dtsch Zah-
narztl Z 2001;56:104–8.

32. Huth KC, Saugel B, Jakob FM, et al.
Effect of aqueous ozone on the
NF-kappaB system. J Dent Res
2007;86:451–6.

33. Grootveld M, Silwood CJ, Lynch E. High
resolution 1H NMR investigations of the
oxidative consumption of salivary bio-
molecules by ozone: relevance to the
therapeutic applications of this agent in
clinical dentistry. Biofactors 2006;27:5–
18.

34. Miller BJ, Hodson N. Assessment of the
safety of two ozone delivery devices.
J Dent 2007;35:195–200.

35. Johansson E, Andersson-Wenckert I,
Hagenbjörk-Gustafsson A, Van Dijken
JW. Ozone air levels adjacent to a dental
ozone gas delivery system. Acta Odontol
Scand 2007;65:324–30.

36. Baysan A, Lynch E. Effect of ozone on
the oral microbiota and clinical severity
of primary root caries. Am J Dent
2004;17:56–60.

37. Holmes J. Clinical reversal of root caries
using ozone, double-blind, randomised,
controlled 18-month trial. Gerodontology
2003;20:106–14.

38. Baysan A, Lynch E. Clinical reversal of
root caries using ozone: 6-month results.
Am J Dent 2007;20:203–8.

39. Baysan A, Beighton D. Assessment of the
ozone-mediated killing of bacteria in
infected dentine associated with non-
cavitated occlusal carious lesions. Caries
Res 2007;41:337–41.

40. Huth KC, Paschos E, Brand K, Hickel R.
Effect of ozone on non-cavitated fissure
carious lesions in permanent molars—a
controlled prospective clinical study. Am
J Dent 2005;18:223–8.

41. Celiberti P, Pazera P, Lussi A. The
impact of ozone treatment on enamel
physical properties. Am J Dent
2006;19:67–72.

42. Polydorou OPK, Hahn P. Antibacterial
effect of an ozone device and its com-
parison with two dentin-bonding
systems. Eur J Oral Sci 2006;114:349–
53.

43. Schmidlin PR, Zimmermann J, Bindl A.
Effect of ozone on enamel and dentin
bond strength. J Adhes Dent 2005;7:29–
32.

44. Al Shamsi AH, Cunningham JL, Lamey
PJ, et al. The effects of ozone gas applica-
tion on shear bond strength of orthodon-
tic brackets to enamel. Am J Dent
2008;21:35–8.

45. Dahnhardt JE, Jaeggi T, Lussi A. Treating
open carious lesions in anxious children
with ozone. A prospective controlled
clinical study. Am J Dent 2006;19:267–
70.

46. Lynch E. Evidenced based caries reversal
using ozone. J Esthet Restor Dent
2008;20:218–22.

47. Baysan A, Lynch E. The use of ozone in
dentistry and medicine. Prim Dent Care
2005;12:47–52.

48. Baysan A, Lynch E. The use of ozone in
dentistry and medicine. Part 2. Ozone
and root caries. Prim Dent Care
2006;13:37–41.

49. Bezirtzoglou E, Cretoiu SM, Moldoveanu
M, et al. A quantitative approach to the
effectiveness of ozone against microbiota
organisms colonizing toothbrushes.
J Dent 2008;36(8):600–5.

50. Bocci V. The case for oxygen-ozone
therapy. Br J Biomed Sci
2007;64(1):44–9.

51. Valacchi G, Fortino V, Bocci V. The dual
action of ozone on the skin. Br J Derma-
tol 2005;153:1096–100.

52. Gracer RI, Bocci V. Can the combination
of localized “proliferative therapy” with
“minor ozonated autohemotherapy”
restore the natural healing process? Med
Hypotheses 2005;65:752–9.

53. de Monte A, van der Zee H, Bocci V.
Major ozonated autohemotherapy in
chronic limb ischemia with ulcerations.
J Altern Complement Med
2005;11:363–7.

54. Valacchi G, Bocci V. Studies on the bio-
logical effects of ozone: 10. Release of
factors from ozonated human platelets.
Mediators Inflamm 1999;8:205–9.

55. Stübinger S, Sader R, Filippi A. The use
of ozone in dentistry and maxillofacial
surgery: a review. Quintessence Int
2006;37:353–9.

56. Agrillo A, Ungari C, Filiaci F, et al.
Ozone therapy in the treatment of avas-
cular bisphosphonate-related jaw osteone-
crosis. J Craniofac Surg 2007;18:1071–5.

57. Martínez-Sánchez G, Al-Dalain SM,
Menéndez S, et al. Therapeutic efficacy of
ozone in patients with diabetic foot.
Eur J Pharmacol 2005;31:151–61.

58. Agrillo A, Sassano P, Rinna C, et al.
Ozone therapy in extractive surgery on
patients treated with bisphosphonates.
J Craniofac Surg 2007;18:1068–70.

A S K T H E E X P E R T S

292
© 2 0 0 8 , C O P Y R I G H T T H E A U T H O R S
J O U R N A L C O M P I L AT I O N © 2 0 0 8 , W I L E Y P E R I O D I C A L S , I N C .



59. Petrucci MT, Gallucci C, Agrillo A, et al.
Role of ozone therapy in the treatment of
osteonecrosis of the jaws in multiple
myeloma patients. Haematologica
2007;92:1289–90.

60. Bocci V. Oxygen–ozone therapy: a critical
evaluation. the Netherlands: Kluwer
Academic Publishers; 2002.

61. Lynch E, editor. Ozone: the revolution in
dentistry. London: Quintessence Publish-
ing Co. Ltd.; 2004.

Editor’s Note: If you have a question on any aspect of esthetic den-
tistry, please direct it to the Associate Editor, Dr. Edward J. Swift Jr.
We will forward questions to appropriate experts and print the
answers in this regular feature.
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