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ABSTRACT

Background: Porphyromonas gingivalis is an anaerobic bacterium 
that resides within the biofilm community in the subgingival crevice 
of the oral cavity and is regarded as a major causative agent in the 
initiation and progression of severe forms of this disease. The 
established oral antiseptics for periodontal treatment include 
Chlorhexidine Gluconate (CHX, 0.2-2%). Regarding side-effects, it is 
known that Chlorhexidine may cause mucosal desquamation, 
impaired wound healing and fibroblast attachment to the tooth 
surfaces, tooth staining and altered taste sensation. The objective of 
this in-vitro study was to assess the efficacy of ozonated water and 
0.2% Chlorhexidine mouth rinse on Porphyromonas gingivals.. 

Methods: 

After 1 min the effect of ozone on P.gingivalis was superior 
when compared to chlorhexidine. 

Conclusion: 

Key words

The bacterial strains Porphyromonas gingivalis (ATCC 
33277) were incubated in trypticasein-soy agar supplemented with 
5% lamb blood. 100 ml of ozonated water and 0.2% chlorhexidine 
was poured in the respective well and the plates were incubated at 

0 37 for 24 hrs. The zone of inhibition was measured at 1min and 24 hrs 
. Independent samples t test was used and p-value <0.05 was 
considered statistically significant.

Results: 

Ozonated water significantly inhibits the growth of 
P.gingivalis in-vitro.

: Chlorhexidine, Ozone, Bacteria.

Antimicrobial efficacy of ozonated water
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INTRODUCTION

Actinobacillus actinomycetemcomitans and 

Porphyromonus gingivalis are major putative 
1periodontopathicbacteria.  Actinobacillus 

actinomycetemcomitans has been closely associated 

with periodontitis in young individuals and with 

cases of refractory adult  periodonti t is .  

Porphyromonus gingivalis occurs in severe adult 

periodontitis, failing guided tissue regeneration and 

acute periodontal abscesses. Other organisms have 

also been related to advanced periodontitis, 
(1)although with less evidence.  Actinobacillus 

actinomycetemcomitans and Porphyromonus 

gingivalis can also seed to and produce severe infec-

tions in extraoralsites (gastrointestinal tract, respira-
(2)tory tract, colon etc.).

Removal of dental plaque thus forms an important 

part of controlling and treating periodontal disease, 

which brings about qualitative as well as quantita-

tive changes in the subgingival microflora. A num-

ber of chemical adjuncts have been used to improve 

the outcome of mechanical oral hygiene procedures, 

one of which is chlorhexidine broad spectrum anti-

biotic with antimicrobial effects on gram positive as 

well as Gram-negative bacteria, viruses and 
(3,4)fungi.

An alternative approach to conventional 

antimicrobial or antiseptic agent in the suppression 

of subgingival bacteria is to inhibit their growth by 

changing the subgingival environment, which has 

been shown to be highly anaerobic with a prevailing 
(5) low oxygen tension. First advocated by Dunlop in 

(6)1913, various agents such as molecular oxygen,  
(7)hyperbaric oxygenation  and hydrogen peroxide 

(8) have been applied. It has been shown that repeated 

sub gingival oxygen irrigation in previously 

untreated deep periodontal pockets resulted in a sig-

nificant clinical improvement of the periodontal 
(9)baseline conditions.  Recently, ozone therapy is 

gaining popularity in various treatment modalities 

in the field of medicine, dentistry, veterinary, food 

industry, water treatment etc. In dentistry, ozone is 

being successfully utilized for the treatment of den-
(10)tal caries.

Recent investigations have reported antimicrobial 

effects on oral pathogens by both gaseous and aque-

ous forms of ozone, and the effectiveness of ozone in 

the treatment of oral diseases is currently a subject of 
(11)intense research.

The current study outlines the latest thinking regard-

ing the efficacy of ozone therapy and Chlorhexidine 

0.2% on virulent periodontal pathogenic microor-

ganism, Porphyromonas gingivalis.

The objectives of this study were to assess the effi-

cacy of ozonated water and 0.2% chlorhexidine 

mouth rinse on Porphyromonas gingivalis and to 

compare the efficacy of ozonated water and 0.2% 

Chlorhexidine mouth rinse on Porphyromonas 

gingivalis inhibition.

METHODS

The materials used in this study were:

Test Materials used:

Ozone

Chlorhexidine (0.2%)

Microorganism

Porphyromonas gingivalis ATCC 33277

The microbial strains selected for the pres-

ent study were collected from the 

American Type Culture Collection 

(ATCC), USA.

Brain heart infusion agar

Vernier Caliper.

Ozonated Water Preparation

The wells were subjected inoculated with ozonated 

water that was released from an irrigation device, 

“Aqu Ozone”. The device released a single pulsat-

ing stream of ozonated water from the nozzle, which 

could be adjusted for different speeds and pressures 

ranging from 350 to 500 kPa (kilo pascals) and an 

ozone output of 0.082 mg/h, at a noise output of <70 

dB (decibels) and water outflow of ≥450 ml. A 20-

gauge blunt needle was bent and attached to the tip 

of the nozzle of the ozone dental jet holder and then 

inoculated into the different wells.
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Microbial Assay 

The bacterial strains Porphyromonas gingivalis 

(ATCC 33277) was obtained by Dept of 

Microbiology, Coorg Institute of Dental Sciences, 

Karnataka. The strains were incubated in 

trypticasein-soy agar supplemented with 5% lamb 

blood at 37°C in an oxygen-free atmosphere, and 

stored in the fridge until use. They were preserved 

by freezing suspensions at -70°C in skimmed milk 

supplemented with a cryoprotectant. For the experi-

ments, bacterial suspensions (pure cultures) were 

inoculated in TS broth and incubated for 7 days at 
0 37 C, after which they were placed in the fridge. 

Wells of 8 mm diameter were cut into solidified 

trypticasein-soy agar media using a sterilized stan-

dard device. 100 ml of ozonated water and 0.2% 

chlorhexidine was poured in the respective well and 

the plates were incubated at 37%for 24 hrs. To 

ensure the consistency of all findings, the experi-

ment was performed and repeated under strict 

aspetic conditions. The bacterial activity was 

expressed in terms of the mean of zone of inhibition 

(in mm) produced by each test product at the end of 

incubation period. All the measurement of zone of 

inhibition were carried out by a single examiner. 

Calibration of the examiner was done  prior to and 

during the study by reexamining 5 % of the samples, 

to minimize intra examiner variability. Intra exam-

iner agreement was determined using kappas statis-

tics (k) and the score thus obtained (k=0.82) almost 

perfect, according to Landis and koch, thus meeting 

the scientific requirement of validity and reliability

Statistical Analysis

The collected data was classified and tabulated in 

Microsoft Office excel. SPSS for windows version 

17 software (Chicago, USA) was employed for sta-

tistical analysis. Mean(X) and Standard Deviation 

(SD) were calculated. Independent samples t test 

was used for and p-value <0.05 was considered sta-

tistically significant.

RESULTS

The study was conducted to assess the efficacy of 

ozonated water and 0.2% Chlorhexidine mouth 

rinse on Porphyromonas gingivalis. Test products 

(Ozone and chlorhexidine) were tested after 2 inter-

vals. i.e after 1 min and after 24hours. After 1 min 

the effect of ozone on Porphyromonas gingivalis 

was superior (24CFU/ml) when compared to 

chlorhexidine (22CFU/ml) as mentioned in Graph I .

Antimicrobial efficacy of ozonated water
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DISCUSSION

Ozone is an allotropic form of oxygen. It possesses 

unique properties which are being defined and 

applied to biological systems as well as to clinical 

practice.  As a molecule containing a large excess of 

energy, ozone through incompletely understood 

mechanisms, manifests bactericidal, viricidal and 

fungicidal actions which may make it a treatment of 

choice in certain conditions and an adjunctive treat-
(12)ment in others . 

Ozone can be considered a potential therapy for 

periodontal disease due to its wide range of biologi-

cal effects. Some of these are: 

Inactivation of bacteria, viruses, fungi, yeast 

and protozoa,

Enhancement of circulation, 

Stimulation of oxygen metabolism,

Activation of the immune system. 

Each of these actions is without doubt beneficial in 

management of inflammatory periodontal dis-
(12)ease .

The results of the present study showed that inhibi-

tion of the P.gingivalis, the specific strain selected 

by both ozone therapy and chlorhexidine were com-

parable. The difference between the inhibitory 

effects of both the test materials was statistically sig-

nificant (p< 0.05). 

The results of this study were thus in line with a pre-

vious study conducted by Kammer et al to examine 

the effect of ozonated water on oral microorganisms 

including Porphyromonas gingivalis. The viable 

count of the organism was found to decrease when 

treated with ozonated water.

This particular study had studied the effect of 

ozonated water on several other microorganisms 

implicated in the causation of periodontal disease. 
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Chlorhexidine
CFU/ml-COLONY FORMING
UNITS PER MILLILITERTest Products

Samples Mean zone of inhibition

(in mm) ±S.D 

p value 

0.0482* 

After 1 min After 24hrs 

Ozone 24 6 

Chlorhexidine (0.2%) 22 22 

*- statistically significant

Graph I : Zone of inhibition (in mm.) of the test products against P. gingivalis after 1 minute

Graph II : Zone of inhibition (in mm.) of the test products against P. gingivalis after 24 hours
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Nevertheless, the results for the bacterial strain 

Porphyromonas gingivalis can be compared to the 

present study.

Our findings are similar to that obtained by Ripolles 
(13)de ramon et al. ,   who found a significant decrease 

in the microbiological periodontal parameters.

To compare the effectiveness of ozonated water, the 

present study used a positive control, namely 

chlorhexidine which is the standard adjunctive ther-

apy for treatment of periodontitis.

The outcomes in both the groups (ozonated water 

and Chlorhexidine) with regard to the inhibition of 

the bacterial count were similar at 1 min after treat-

ment. However, assessment after 24 hours showed 

that microbial count in the ozonated group had 

increased.

This differed significantly from that of 

Chlorhexidine group. The substantivity property of 

Chlorhexidine is well known and would have 

accounted for this difference found after 24 hours. 

Hence, this could be one drawback of ozonated 

water when compared to Chlorhexidine.

Our study considered only a single strain of a single 

species of microorganism known to a periodontal 

pathogen. The effect of ozone therapy at different 

concentrations on other microorganisms implicated 

in the red complex of periodontal disease, at various 

time intervals need to be determined. The inherent 

limitations of an in-vitro study need to kept in mind 

while interpreting the results.

Effectiveness trials in-vivo where the effect of other 

confounders like saliva, which could dilute the con-

centration of ozone, a number of other aerobic and 

anaerobic microorganisms in and around the 

gingival pocket, the mode and dose of administra-

tion, the cost of the therapy need to be evaluated thor-

oughly before making generalizing statements.

Ozone therapy significantly inhibits growth of the 

Porphyromonas gingivalis which was the selected 

strain in the present study. One major drawback of 

ozone is its unstable nature. The absorbance of water 

in the ozone increased almost linearly with time 

from 5 to approximately 60 seconds. The stability of 

ozone in the water is low and ozone dissipated very 

Antimicrobial efficacy of ozonated water
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quickly in the ozone demand free water at room tem-
 (14, 15) perature over 5 mins, as described by Shechter.

CONCLUSION

Ozonated water significantly inhibits the growth of 

Porphyromonas gingivalis in vitro. However, the 

inhibitory effect was pronounced at 1 min and was 

low at 24hours.

Ozone may be considered as an alternative manage-

ment strategy due to its powerful ability to inactivate 

microorganisms. Also, there is growing evidence 

that ozone can be employed as a useful therapeutic 

agent in both dentistry and medicine.
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