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Abstract

Aim Ozone nano-bubble water (NBW3) seems to be suitable
as an adjunct to periodontal treatment owing to its potent
antimicrobial effects, high level of safety, and long storage
stability. The aim of the present study was to evaluate the
clinical and microbiological effects of NBW3 irrigation as an
adjunct to subgingival debridement for periodontal treatment.
Methods Twenty-two subjects were randomly assigned to one
of the two treatment groups: full-mouth mechanical debride-
ment with tap water (WATER) or full-mouth mechanical
debridement with NBW3 (NBW3). Clinical examination
was performed at baseline and 4 and 8 weeks after treatment.
Microbiological examination was carried out just before and
after treatment and at 1 and 8 weeks posttreatment.

Results There were significant improvements in all clinical
parameters after 4 weeks in both groups. The reduction in
the probing pocket depth and the clinical attachment gain
after 4 and 8 weeks in the NBW3 group were significantly
greater than those in the WATER group. Moreover, only the
NBW3 group showed statistically significant reductions in
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the mean total number of bacteria in subgingival plaque
over the study period.

Conclusions The present study suggests that subgingival
irrigation with NBW3 may be a valuable adjunct to peri-
odontal treatment.

Clinical relevance This study verified the potential of new
antimicrobial agent, MNW3, as an adjunct to periodontal
treatment.

Keywords Adjunctive antimicrobial agents - Irrigation -
Ozone nano-bubble water - Periodontitis - Subgingival
debridement

Introduction

Periodontitis is a chronic inflammatory disease caused by
microorganisms existing in a subgingival biofilm. Porphyro-
monas gingivalis and Tannerella forsythia are the specific
pathogens most frequently associated with this disease, being
present in high numbers within deep periodontal pockets in
severe periodontal conditions [ 1—4]. Elimination of pathogen-
containing biofilms remains the primary goal of periodontal
treatment. Supra- and subgingival mechanical debridement is
traditionally used as the initial phase of treatment to achieve
this goal even though it is rarely capable of complete removal
of putative periodontal pathogens. A review of studies evalu-
ating the effectiveness of various subgingival debridement
procedures showed that 5-80 % of treated roots harbor resid-
ual plaque or calculus, and as the pockets and furcation
involvements get deeper, more deposits are left behind [5].
To augment mechanical debridement, adjunctive antimi-
crobial agents in the form of topical or systemic antibiotics or
topical antiseptics have been employed [6, 7]. Considering the
potential problems with selectivity of antimicrobial action and
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possible development of resistant bacteria and adverse host
reactions, topical and systemic antibiotic therapies seem to
constitute an inferior choice to the topical use of low-cost,
broad spectrum antiseptic agents with low potential for ad-
verse reactions. Subgingival irrigation with various antiseptic
agents such as povidone-iodine, chlorhexidine (CHX), or
hydrogen peroxide has been performed in conjunction with
scaling and root planing and produced significant clinical
benefits relative to conventional mechanical root debridement
alone [8]. However, these existing antiseptic agents have
serious shortcomings, e.g., the prolonged use of CHX may
cause mucosal desquamation, tooth staining, and altered taste
sensation. In addition, an increasing number of immediate
type allergies to this agent such as anaphylactic shock have
been reported [9]. Povidone-iodine should not be adminis-
tered to individuals who are allergic to iodine, suffering from
thyroid dysfunction, or are pregnant or nursing [10-12].
Moreover, a huge amount of povidone-iodine may be dis-
persed into the air, linen, and other nearby surfaces when used
as an adjunct to ultrasonic debridement and the surroundings
can be stained brown by the iodine. Therefore, an alternative
adjunctive antiseptic with high antimicrobial potential, a good
safety profile, fewer contraindications, and a higher degree of
usability would be beneficial for periodontal therapy.

Currently, ozone is attracting attention as a possible alter-
native antiseptic in the dental field as well as food industries.
Ozone has strong antimicrobial effects against bacteria, fungi,
protozoa, and viruses [13] and does not induce microbial
resistance, characteristics that were originally noted in the
fields of water purification and food preservation [14—16].
Recent clinical investigations have reported antimicrobial
effects of both gaseous and aqueous forms of ozone on oral
pathogens associated with caries and endodontic infections
[17-22]. Furthermore, ozone therapy has been reported to
considerably reduce the growth of Aggregatibacter actino-
mycetemcomitans, P. gingivalis, and T. forsythia [23, 24].
Regarding cytotoxicity, ozone gas has been found to decrease
the viability of oral cells significantly in the concentrations
currently used in dentistry [25]. In comparison, it has been
reported that aqueous ozone possesses a high level of biocom-
patibility to fibroblasts, cementoblasts, and epithelial cells
[25-28], suggesting the properness of its use against oral
infectious diseases such as periodontal disease, apical perio-
dontitis, and peri-implantitis. So far, positive clinical effects of
ozonated water in reducing signs of gingivitis and periodonti-
tis have been noted in two clinical studies [29, 30]. However,
ozonated water has a half-life of about only 20 min and will
degrade back into oxygen very quickly, so it should be used
within the first 5-10 min to assure its potency.

To overcome this disadvantage of ozonated water, ozone
nano-bubble water (NBW3) was developed using nano-
bubble generating technology by Chiba et al. The procedure
of generating nano-bubble water has been protected by patent
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[31]. The ozone concentration of NBW3 is 1.5 mg/l that is
equivalent to the oxidation titer determined by electron spin
resonance. Nano-bubble is a form of gas nucleus which is less
than 100 nm in diameter and is produced by collapsing micro-
bubble (less or equal to 50 um in diameter) in the electrolyte
under ultra-high temperature and pressure. During the col-
lapse of micro-bubble by applying physical stimulus in the
electrolyte, the ions in aqueous solution become concentrated
around the gas nucleus and prevent the gas from dispersion
(the salting-out phenomenon). Due to this nature of the ions,
nano-bubble is stabilized over a long period in aqueous solu-
tion. NBW3 retains ozone gas in the form of gas nucleus and
exerts antimicrobial effect for more than 6 months if it is
protected against ultraviolet rays [32].

Although the entire mechanisms of NBW3 to inactivate
bacteria are as yet not well known, it might be basically
similar to those of the existing ozonated water. Ozone is a
potent oxidizing agent [33] and ozone in ozonated water has
been reported to react with various organic substances and
decompose them by free radical-mediated oxidation reac-
tions [34]. Ozone per se also changes to oxygen when it
reacts with organic substances. In this process, hydroxyl
radicals (‘OH) are generated, which are among the most
reactive oxidizing species. These free radicals might play a
role in the destruction of bacteria by NBW3.

Previously, we confirmed that NBW3 had strong bactericid-
al effects against multiple-drug-resistant bacteria and represen-
tative periodontopathic bacteria in vitro (data not shown).
Besides, we confirmed that NBW3 did not possess significant
cytotoxicity against human oral tissues in vitro (data not
shown). Also, it is authorized to be used as drinking water by
the Ministry of Health, Labour and Welfare in Japan (No. 10-
S1-2393), which indicates its high level of safety for use in
humans. NBW3 seems to be suitable for adjunctive antiseptic
in periodontal treatment because of the advantages mentioned
above, that is, powerful antimicrobial effect, long storage sta-
bility, ease of handling, and high level of safety for human use.
The aim of the present study was to evaluate the clinical and
microbiological effects of NBW3 irrigation as an adjunct to
single visit full-mouth ultrasonic subgingival debridement for
the treatment of periodontitis. This is the first report on the
clinical application of NBW3 as an adjunct to mechanical
subgingival debridement for the treatment of periodontitis.

Methods

Selection of subjects

A total of 22 healthy, non-smoking subjects, aged 26—72 years
(6 females and 16 males, mean age 45.9+14.8 years), were

recruited from new referrals to the periodontics clinic of the
Tokyo Medical and Dental University Dental Hospital and
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participated in this single center, placebo-controlled, random-
ized trial with blind allocation to two parallel groups. All
subjects exhibited mild to moderate chronic periodontitis,
based on clinical findings. Each study subject had a minimum
of 20 teeth present and exhibited at least one pocket site with a
probing depth of 4 mm or more in each quadrant. All subjects
were in good general health, and none had received periodon-
tal treatment and/or antibiotic therapy within the preceding
6 months. Subjects who were pregnant or lactating were
excluded from this randomized controlled study. The charac-
teristics of the subjects are shown in Table 1. The study
protocol was approved by the Ethics Committee of the Tokyo
Medical and Dental University, Tokyo, Japan (#234), and all
patients signed a written informed consent form.

Treatment protocol

After screening, all subjects received thorough oral hygiene
instructions including the use of inter-proximal cleaning
aids such as floss and inter-dental brushes, depending on
individual needs. They were then randomly assigned to one
of the two treatment groups based on the treatment protocol
and the examiner was blinded to the allocation. The random
sequence was computer-generated, with no stratification of
balancing factors. The subjects chose a sequentially num-
bered opaque, sealed envelope, which enclosed the code for
the treatment protocol they were to receive. The number of
envelopes was the same as the number of subjects. The
treatment groups were coded so that only the operator was
aware of the protocol and the examiner remained blinded
throughout the study. After random allocation, the patients
in this study were subjected to one of the two treatment
protocols: full-mouth mechanical debridement with tap wa-
ter in a single visit (WATER) or full-mouth mechanical
debridement with NBW?3 in a single visit (NBW3). Mechan-
ical debridement included supra- and subgingival ultrasonic
instrumentation, which was performed by one experienced
and trained periodontist with an ultrasonic scaler (Varios
750; Nakanishi Inc., Tochigi, Japan) equipped with a P10
tip. Local anesthesia was administered, if necessary, during
debridement. The time spent on the full-mouth mechanical

Table 1 Patient characteristics at baseline

debridement was nearly 1 h in each patient. At each re-
examination visit (1, 4, and 8 weeks after treatment), plaque
control was reinforced in all subjects on an individual basis
and they were subjected to professional tooth cleaning with
a rubber cup and polishing paste. During the experimental
period, no additional pocket instrumentation was allowed.

Clinical examination

Clinical examination was performed at baseline (before treat-
ment) and 4 and 8 weeks after treatment by a single blinded
examiner. Full-mouth clinical measurements of probing pocket
depth (PPD), clinical attachment level (CAL), and the percent-
age of bleeding on probing (BOP (%)) were recorded using a
manual constant load periodontal probe (TUCL probe, Wil-
liams type; Shioda Dental Co., Tochigi, Japan) at all six sites
per tooth (disto-buccal, buccal, mesio-buccal, disto-lingual,
lingual, mesio-lingual). PPD was measured to the nearest
I mm from the base of the pocket to the gingival margin.
CAL was assessed by measuring the distance between the
cemento-enamel junction and the bottom of the pocket. BOP
(%) was recorded as present or absent after completing the
probing on the buccal or lingual sites of each quadrant. The
research schedule is shown in Fig. 1. All recordings were made
without knowledge of the previous measurements.

Microbiological analysis

Microbiological examination was performed just before and
after treatment and at 1 and 8 weeks posttreatment. Subgin-
gival plaque samples were collected from one selected pocket
site with a probing depth of 4 mm or more around a maxillary
single-rooted tooth in each patient. These data were obtained
with no knowledge of the type of treatment rendered. Samples
were collected as described below. First, the tooth was isolated
with cotton rolls and gently air-dried. Supragingival plaque
along the gingival margin of the pocket site was wiped gently
with a sterile cotton pellet. After that, subgingival plaque was
collected by inserting two sterile paper points (No. 30) into
each selected pocket site until resistance was felt and kept in

Treatment group No. of subjects Age® (years)

Full-mouth mean

Full-mouth mean Full-mouth mean

BOP (%)* PPD (mm)®* CAL (mm)*
NBW3 10 45.90+13.8 32.95+15.7 2.59+0.3 273403
WATER 11 46.00+16.4 30.20+14.8 2.58+0.3 2.79+0.5

No significant difference between groups (p>0.05)

NBW3 full-mouth debridement with ozone nano-bubble water, WATER full-mouth debridement with water, BOP (%) bleeding on probing (percent),

PPD probing pocket depth, CAL clinical attachment level.
*Mean + standard deviation
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Fig. 1 Treatment schedule in this study

place for 10 s. Following removal, the paper points were
transferred into a screw-capped sterile vial.

The bacterial species identified were P. gingivalis and T.
forsythia. Using a real-time polymerase chain reaction (PCR)
assay, the relative and absolute numbers of these bacteria in
subgingival plaque were determined. The following oligonu-
cleotide primers were used—~P. gingivalis and T. forsythia
with a sequence of 16S ribosomal RNA—S5'-TACCCATCG
TCGCCTTGGT-3" and 5'-CGGACTAAAACCGCATACA
CTTG-3', and 5-TACGCATACCCATCCGCAA-3' and 5'-
CGCTAGTAATCGTGGATCAGAATG-3', respectively.

Statistical analyses

The data were analyzed with the subject as unit. Mean and
standard deviations of each parameter were calculated for
each patient and compared to determine any differences
within and between groups. PPD and CAL were considered
as the primary outcome variables.

For a comparison between groups (at each follow-up visit),
Student’s ¢ test was applied. The level of significance was set
at 0.05. Also, a comparison within each group (baseline versus
follow-up visit) was made by means of a paired ¢ test. As
multiple comparisons were conducted in that analysis, Bon-
ferroni correction was performed with the alpha-level for the
clinical parameters and microbiological parameters of 0.025
and 0.05/3, respectively. Furthermore, improvements in each
parameter from baseline to posttreatment were calculated and
compared to determine any differences between groups at 4
and 8 weeks with Student’s # test. With respect to the sample
size, we first calculated that we would need a sample size of at
least 11 patients to detect a 0.5-mm true difference between
two groups at 5 % type I error and 80 % power for a two-tailed
Student’s ¢ test. All statistical analyses were carried out with
the aid of statistical software (IBM® SPSS® Statistics 19,
SPSS Inc., Chicago, USA).

Results
Patient characteristics at baseline

The study population was randomly divided into two groups
with 11 subjects in each group. During the follow-up period,
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one subject in the NBW3 group withdrew from the trial for
reasons unrelated to the study. The data of this subject were
not included in the assessment of the outcome of the
treatment.

The demographic characteristics and clinical parameters
of the two treatment groups at baseline (before treatment)
are presented in Table 1. The mean age of the subjects was
45.9+13.8 in the test group (NBW3) and 46.0+16.4 in the
control group (WATER). The mean PPD and CAL were
2.59+0.3 and 2.73+0.3 mm in the test group and 2.58+
0.3 and 2.79+0.5 mm in the control group. The BOP (%) of
the test and control groups was 32.95 and 30.20 %, respec-
tively. No statistically significant differences in the demo-
graphic and clinical variables were found between the two
treatment groups at baseline (p>0.05).

BOP (%)

The changes over time in BOP (%), sorted per treatment
group, are shown in Fig. 2a. BOP (%) decreased significant-
ly from baseline to 4 weeks in both groups (p=0.003 in the
test group; p=0.009 in the control group). However, only
the test group (NBW3) showed a statistically significant
improvement from baseline to 8 weeks (p=0.001). When
the treatment groups were compared with each other, there
were no statistically significant differences in BOP (%) at
any re-examination period.

The amount of reduction in BOP (%) from baseline to 4
and 8 weeks after treatment is shown in Table 2. BOP (%)
was reduced by 15.69 and 8.98 % at 4 weeks and 13.47 and
6.97 % at 8 weeks in the NBW3 and WATER groups,
respectively. When the treatment groups were compared
with each other, there were no significant differences in
the amount of reduction in BOP (%) at both 4 and 8 weeks,
although numerically greater reductions were observed in
the test group.

Changes in probing depth

The changes in full-mouth mean PPD during the experimen-
tal period are shown in Fig. 2b. There were statistically
significant improvements in the full-mouth mean PPD in
both groups from baseline to 4 weeks (p<0.001 in the test
group and p=0.002 in the control group) and 8 weeks (p<
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Fig. 2 Changes in the full-mouth mean (+ standard deviation) BOP
(percent) (a), PPD (millimeter) (b), and CAL (millimeter) (¢) in each
treatment group from baseline to 8 weeks. NBW3 full-mouth debride-
ment with ozone nano-bubble water, WATER full-mouth debridement
with tap water, BOP bleeding on probing, PPD probing pocket depth,

0.001 in the test group and p=0.018 in the control group).
When the two treatment groups were compared with each
other, the differences in the full-mouth mean PPD were not
statistically significant at each follow-up visit.

Table 2 Improvements in clinical parameters at 4 and 8 weeks of re-
examination

ABOP (%)* APPD (mm)* Attachment

gain (mm)*
4 weeks NBW3 (N=10) 15.69+12.5 0.34+0.2* 0.31+0.1*
WATER (N=11) 8.98+9.2 0.17+0.1 0.10+£0.2
8 weeks NBW3 (N=10) 13.47+£9.2 0.29+0.2* 0.27+0.2%
WATER (N=11) 6.97+10.8 0.14+0.2 0.09+0.2

NBW3 full-mouth debridement with ozone nano-bubble water, WATER
full-mouth debridement with water, BOP (%) bleeding on probing
(percent), PPD probing pocket depth

#Mean =+ standard deviation

*p<0.05, significantly greater improvements were observed in the
NBW3 group, compared to the WATER group
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CAL clinical attachment level. No significant differences in all the
clinical parameters assessed were seen between groups at any exami-
nation period (p>0.05). *p<0.05, within the groups, full-mouth mean
BOP (percent), PPD (millimeter), and CAL (millimeter) decreased
significantly from baseline to re-examination periods (paired ¢ test)

The reduction in the full-mouth mean PPD from baseline to
4 and 8 weeks is shown in Table 2. Mean PPD was reduced by
0.34 and 0.17 mm at 4 weeks and 0.29 and 0.14 mm at 8 weeks
in the NBW3 and WATER groups, respectively. When the
treatment groups were compared with each other, there were
significant differences in the reduction of the full-mouth mean
PPD at both 4 and 8 weeks (p=0.013 and 0.037, respectively).

Clinical attachment level

The changes in full-mouth mean CAL during the exper-
imental period are shown in Fig. 2c. Full-mouth mean
CAL decreased significantly from baseline to 4 weeks in
both groups (p<0.001 in the test group; p=0.009 in the
control group). However, only the test group (NBW3)
showed a statistically significant improvement from base-
line to 8 weeks (p<0.001). When the treatment groups
were compared with each other, there were no statisti-
cally significant differences in the full-mouth mean
CAL at any re-examination period.
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The CAL gain recorded at 4 and 8 weeks is shown in
Table 2. The CAL gain was 0.31 and 0.1 mm at 4 weeks and
0.27 and 0.09 mm at 8 weeks in the NBW3 and WATER
groups, respectively. When the treatment groups were com-
pared with each other, there were significant differences in
the amount of CAL gain at both 4 and 8 weeks (p=0.002
and 0.021, respectively).

Changes in the mean total number of bacteria in subgingival
plaque

Figure 3 shows the mean total number of bacteria in the
NBW3 and WATER groups in subgingival plaque. The
NBW3 group showed statistically significant reductions in
the mean total number of bacteria over 8 weeks of re-
examination period (p=0.005 just after the treatment; p=
0.006 at 1 week; p=0.009 at 8 weeks). However, the control
group did not show significant reductions in the mean total
number of bacteria at any re-examination period. When the
treatment groups were compared with each other, no statis-
tical differences were found in the total number of bacteria
at any time point during the study.

Percentage reductions in the total number of bacteria in
subgingival plaque over the study period are tabulated in
Table 3. When the treatment groups were compared with
each other, differences in the mean percentage reductions in
the total number of bacteria were not statistically significant
at any re-examination period (data not shown). However,
the NBW3 group showed a reduction of 95 % or more in the
total number of bacteria in 40 and 20 % of subgingival

12 -
= NBW
g 10 |
] I=WATER
[¢)
3
% -
= C
E
SES6 |
Ze
S
2 4 L ,
c 1
(]
=
2

. .3
W %
i -

Baseline (before
treatment)

Just after 1 week 8 weeks

treatment

Fig. 3 Changes in the mean (+ standard deviation) total number of
bacteria in subgingival plaque in each treatment group from baseline
(before treatment) to 8 weeks. NBW3 full-mouth debridement with
ozone nano-bubble water, WATER full-mouth debridement with water.
No significant differences were seen between groups at any examina-
tion period (p>0.05). *p<0.05, within the groups, mean total number
of bacteria in subgingival plaque decreased significantly from baseline
(before treatment) to re-examination periods (paired ¢ test)
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plaque samples at 1 and 8 weeks, respectively, whereas the
WATER group revealed similar reductions in only 9.10 and
0 %, respectively, of subgingival plaque samples.

Changes in the mean number and percentage of P. gingivalis
and 7. forsythia in subgingival plaque

The changes in the mean number and percentage of P.
gingivalis and T. forsythia in subgingival plaque for the
NBW3 and WATER groups over time are depicted in Figs. 4
and 5, respectively. The subjects initially negative for each
pathogen were excluded from the statistical analyses. For P,
gingivalis (N=4 and 6 in the test and control groups, re-
spectively), insignificant reductions in the mean number and
percentage of P. gingivalis were found in both groups over
8 weeks (Figs. 4a and 5a). When the treatment groups were
compared with each other, there were no statistically signif-
icant differences in the mean number and percentage of P.
gingivalis at any re-examination period. Comparable obser-
vations were made for 7. forsythia (N=6 and 9 in test and
control groups, respectively) (Figs. 4b and 5b).
Percentages of subgingival plaque samples showing
>95 % reduction in the number of P. gingivalis and T.
forsythia are shown in Table 4. When the treatment groups
were compared with each other, differences in the mean
percentage reductions in the number of P. gingivalis and T.
forsythia were not statistically significant at any re-
examination period (data not shown). However, P. gingiva-
lis was reduced by at least 95 % in all the initially positive
subgingival plaque samples over the study period in the test
group (N=4), whereas the pathogen was reduced by more
than 95 % only in 66.7 and 50 % of subgingival plaque
samples at 1 and 8 weeks in the control group, respectively
(N=6). On the other hand, the percentage of subgingival
plaque samples showing >95 % reduction in the number of
T. forsythia was similar between the test and control groups.

Discussion

Because of the microbial etiology of periodontitis [35], a
variety of antimicrobial agents have been employed as
adjuncts to conventional therapy to further suppress peri-
odontal pathogens [36]. In this study, a new antiseptic agent,
NBW3, was used as an adjunct to mechanical debridement
in the treatment of periodontitis. Although there are no
existing papers on NBW3, we previously performed various
in vitro studies and confirmed its potent antimicrobial
effects against representative periodontopathic bacteria (data
not shown), good safety profile (data not shown), and high
degree of usability.

The method of the preparation of nano-bubble water has
been protected by patent [31]. NBW3 encapsulates ozone
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Table 3 Percentage reductions in the total number of bacteria in subgingival plaque

Percentage reductions in the total number of bacteria in subgingival plaque

% of subgingival plaque
samples showing >95

% reduction

% of subgingival plaque
samples showing <33
% reduction

% of subgingival plaque
samples showing 95-33
% reduction

NBW3 (N=10) Just after treatment 40
1 week 40
8 weeks 20
WATER (N=11) Just after treatment 45.5
1 week 9.1
8 weeks 0

60 0
40 20
40 40
455 9.1
455 455
455 54.5

NBW3 full-mouth debridement with ozone nano-bubble water, WATER full-mouth debridement with water
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Fig. 4 Changes in the mean (+ standard deviation) number of P. gingi-
valis (a) and 7. forsythia (b) in subgingival plaque in each treatment group
from baseline (before treatment) to 8 weeks. NBW3 full-mouth debride-
ment with ozone nano-bubble water, WATER full-mouth debridement with
water. No significant differences were seen between groups at any exam-
ination period (p>0.05). No significant differences between baseline and
any re-examination period were seen within both groups (p>0.05)

A

40 |

I e=NBW3
‘ LI-WATER
|

35 |
30 |
25 | i
15 | _’

10 |

% of P. gingivalis

Baseline (before  Just after 1 week 8 weeks
treatment) treatment
B 14
1.2 T =meNBW3
LI=WATER
1
o
£
@ 08
]
" os
° |
o |
“ 04 L
0.2 T
0
Baseline (before  Just after 1 week 8 weeks
treatment) treatment

Fig. 5 Changes in the mean (+ standard deviation) percentage of P.
gingivalis (a) and T. forsythia (b) in subgingival plaque in each
treatment group from baseline (before treatment) to 8 weeks. NBW3
full-mouth debridement with ozone nano-bubble water, WATER full-
mouth debridement with water. No significant differences were seen
between groups at any examination period (p>0.05). No significant
differences between baseline and any re-examination period were seen
within both groups (p>0.05)
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Table 4 Percentage of subgingival plaque samples showing >95 %
reduction in the number of P. gingivalis and T. forsythia

% of subgingival plaque samples
showing >95 % reduction

P. gingivalis T. forsythia
NBW3  Just after treatment 100 83.3
1 week 100 50
8 weeks 100 333
WATER Just after treatment 83.3 88.9
1 week 66.7 55.6
8 weeks 50 333

NBW3 full-mouth debridement with ozone nano-bubble water, WATER
full-mouth debridement with water

gas in the form of gas nucleus which is less than 100 nm in
diameter and is produced by collapsing ozone micro-bubble
(less or equal to 50 wm in diameter) in the electrolyte under
ultra-high temperature and pressure. During the collapse of
ozone micro-bubble in the electrolyte by applying physical
stimulus, the ions in electrolyte become concentrated around
the gas nucleus and prevent the ozone gas from dispersion
(the salting-out phenomenon). Due to this nature of the ions,
ozone nano-bubble is stabilized over a long period in aque-
ous solution. Therefore, NBW3 exerts antimicrobial effect
for more than 6 months if it is protected against ultraviolet
rays [32]. This stability is a great advantage of NBW3 over
the existing ozonated water when used as a disinfecting
solution. Originally, ozone is unstable and its stability in
the existing ozonated water is very low. Ozone dissipates
very quickly in ozone demand free water at room tempera-
ture over 5 min [37, 38]. Therefore, the existing ozonated
water has to be freshly prepared before each use and it is
impossible to market ozonated water as a medical product.
Although the entire mechanisms of NBW3 to inactivate
bacteria are as yet not well known, it might be basically
similar to those of the existing ozonated water. Ozone is a
potent oxidizing agent [33], and ozone in ozonated water
has been reported to react with various organic substances
and decompose them by free radical-mediated oxidation
reactions [34]. Ozone per se also changes to oxygen when
it reacts with organic substances. In this process, hydroxyl
radicals (-OH) are generated, which are among the most
reactive oxidizing species. These free radicals might play a
role in the destruction of bacteria by NBW3. Since there is
no investigation regarding the detailed antimicrobial mech-
anisms of NBW3, close examinations must be progressed.
In the present single-blind randomized controlled clinical
trial, mechanical therapy was completed in a single visit
with an ultrasonic scaler running NBW3 or tap water as
irrigant. This combined approach was to augment the effect
of NBW3 against periodontopathic bacteria in subgingival
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biofilms. It is well known that serum proteins are essential
compounds of subgingival bacterial biofilm matrix [39]. A
recent study demonstrated that the efficacy of ozone might
be decreased in the presence of human serum in vitro [40].
For this reason, the lower effectiveness of NBW3 against
biofilm-associated bacteria could be assumed. In order to
achieve optimal efficacy of NBW3, we performed mechan-
ical (scaling and root planing) disruption of subgingival
biofilm concurrently with NBW3 irrigation and allowed
NBW3 to react directly with the planktonic microorganisms.

Previously, various antiseptic agents such as povidone-
iodine, sodium hypochlorite, or chlorhexidine have been
used as subgingival irrigants in conjunction with mechanical
debridement to treat periodontitis patients. These previous
studies demonstrated that periodontal sites with probing
depths >7 mm benefited the most from the adjunctive local
antimicrobial agent treatment [8]. However, in the present
study, the results were obtained in adults with mild-to-
moderate periodontitis. The percentage of pocket sites
>7 mm was only 0.9 % in the NBW3 group (N=1,569 sites)
and 0.4 % in the WATER group (N=1,775 sites). The
present study might have underestimated the therapeutic
potential of NBW3 because the study subjects exhibited
only a mild form of periodontitis.

Moreover, no further application of the NBW3 was per-
formed in the NBW3 group during the re-examination peri-
od in order to monitor the long-term effect of one-time
irrigation with NBW3. However, the use of NBW3 for
mouth rinsing during the re-examination period with the
intention of delaying supragingival plaque formation and
preventing recolonization of the pockets and oral niches
might have supplemented patient-dependent mechanical
plaque control and resulted in better clinical and microbio-
logical outcomes in the NBW3 group.

Despite the above-mentioned limitations, the present
study showed that the reductions in mean PPD from base-
line to 4 and 8 weeks in the NBW3 group were significantly
greater than those in the WATER group, with corresponding
higher gain in attachment level in the NBW3 group. How-
ever, there were no statistically significant differences be-
tween the NBW3 and WATER groups in any of the clinical
parameters assessed at any re-examination period.

Real-time PCR was employed for detection and quanti-
fication of the periodontopathic bacteria in this study. Real-
time PCR assay was recently developed for the quantitative
detection of bacteria and this has actually contributed to the
diagnosis and monitoring of periodontal disease [41, 42].

In the present study, the NBW3 group showed statistical-
ly significant reductions in the mean total number of bacte-
ria in subgingival plaque over the entire study period,
whereas the WATER group did not show significant reduc-
tions at any re-examination period. Moreover, as many as
40 % (at 1 week) and 20 % (at 8 weeks) of subgingival
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plaque samples in the NBW3 group revealed a reduction of
least 95 % in the total number of bacteria, whereas only
9.1 % (at 1 week) and 0 % (at 8 weeks) of subgingival
plaque samples in the WATER group exhibited similar bac-
terial suppression. Regarding each periodontal pathogen,
both groups did not show significant reductions in the mean
number and percentage of P. gingivalis and T. forsythia at
any re-examination period (even immediately after treat-
ment). This seems to be in contrast to previous reports,
which had shown that non-surgical mechanical therapy
could reduce the prevalence and levels of the main peri-
odontal pathogens [43—45]. The lack of statistically signif-
icant reductions might be caused by the small sample size.
The subjects initially negative for each pathogen were ex-
cluded from the statistical analyses; therefore, the sample
size was 4 and 6 in the test and control groups for P.
gingivalis, and 6 and 9 for T. forsythia, respectively. How-
ever, in the present study, P. gingivalis was reduced by at
least 95 % in all the initially positive subgingival plaque
samples over the study period in the NBW3 group, whereas
the pathogen was reduced by more than 95 % only in 66.7
and 50 % of subgingival plaque samples at 1 and 8 weeks in
the WATER group, respectively. Thus, mechanical subgin-
gival debridement concurrently with NBW3 irrigation
showed more potent and prolonged microbiological benefits
than mechanical debridement with water. This additional
reduction of the microbial load in subgingival pockets by
NBW3 irrigation might lead to further improvement of
clinical parameters (e.g., probing pocket depth, clinical at-
tachment gain) in the NBW3 group compared to the WA-
TER group in this study.

The disadvantage of the PCR technique is that it detects
both viable and non-viable bacteria. If the non-viable micro-
organisms are detected following antimicrobial therapy, then
the effectiveness of the antimicrobial agent is difficult to
assess, i.e., prognostic value of PCR is compromised be-
cause it detects even non-viable organisms. In such case, the
culture method is still the gold standard. Although only PCR
was carried out in this study, the culture technique ought to
have used further so that live bacterial estimation should be
helpful [46].

Currently, ozone is attracting attention as a possible al-
ternative antiseptic in the dental field because it is strongly
antimicrobial and does not induce microbial resistance,
characteristics that were originally noted in the fields of
water purification and food preservation [14—16]. Recently,
both gaseous and aqueous ozone have been reported to have
antimicrobial activity against specific periodontal patho-
gens. It has been reported that ozone therapy reduced the
growth of A. actinomycetemcomitans, T. forsythia, Trepone-
ma denticola, P. gingivalis, and Prevotella intermedia; how-
ever, no information was provided about application time or
dose [23]. Moreover, high concentrations of aqueous ozone

(20 pg/ml) has been reported to be equally or more effective
in the reduction of periodontal pathogens than CHX in vitro
[24]. Only two clinical studies reporting the use of aqueous
ozone to treat gingivitis and periodontitis have been pub-
lished [29, 30]. The periodontal pockets of 40 patients were
irrigated with 10 ml of ozonated bi-distilled water, daily, for
4 weeks, resulting in an enhancement of the sulcus bleeding
index, plaque index, and sulcus fluid rate, without any
observed adverse effects [29]. The exact concentration of
ozone in the water and the contact time were not reported. A
recent clinical and microbiological study of 16 patients over
an 18-day time period found a higher percentage reduction
of several clinical indices (plaque, gingival, and bleeding
indices) upon subgingival irrigation of periodontal pockets
with ozonated water (0.082 mg/h, 5-10 min for a split
mouth), when compared with 0.2 % CHX [30]. The antimi-
crobial results, however, were conflicting. Antimicrobial
effects of ozonated water were observed against 4. actino-
mycetemcomitans and Candida albicans, but no effect on P,
gingivalis or T. forsythia was seen. Due to the difference of
study design and application method of ozonated water, it
would be difficult to compare the effects of the ozonated
water used in that study with those of NBW3. It would be
required to determine the antimicrobial activity of NBW3,
in comparison with the existing ozonated water under the
same condition. Furthermore, in proposing NBW3 as anoth-
er potential antimicrobial for use in periodontal therapy, it is
important to compare its potential with that of the estab-
lished agents such as CHX or povidone-iodine.

In conclusion, the present study suggests that subgingival
irrigation with NBW3 may be a valuable antimicrobial
adjunct to mechanical instrumentation in the management
of periodontal infections. The observed beneficial effects of
NBW3 were, however, minor and of unknown clinical sig-
nificance. Further studies with more severe cases of perio-
dontitis, longer follow-up periods, and the comparison of
NBW?3 with the established agents would be needed to fully
delineate the utility of NBW3 in the treatment of
periodontitis.
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