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Comparison of efficiency of ozone and
chlorhexidine subgingival irrigation in
orthodontic patients for controlling
gingival inflammation
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ABSTRACT

Aim

To compare the clinical effects of subgingival irrigation with
ozonated water to the effects of chlorhexidine solution
on gingivitis in orthodontic patients and to correlate the

clinical effects with the MCP-1 activity in gingival crevicular
fluid (GCF).

Objective

Correlate the inflammatory marker monocyte chemoat-
tractant protein (MCP-1) in GCF with clinical parameters
viz. gingival index (Gl), plaque index (Pl), gingival bleeding
index (GBY), probing pocket depth (PPD).

Materials and method

A double-blind clinical study of subgingival irrigation was
conducted in a split-mouth design on 30 subjects for
28 days. Clinical parameters (plaque index, gingival
index, gingival bleeding index, probing pocket depth)
and MCP-1 enzyme activity were measured at base-
line followed by subgingival irrigation with 0.01mg/I
of ozonated water on right maxillary quadrants
and 0.02% of chlorhexidine solution on left maxil-
lary quadrants. These parameters were again assessed
on 14" and 28™ day.

Results

Significant (P<0.01) reduction of all the clinical
parameters and GCF MCP-1 activity after subgingival
irrigation with both solutions. Ozonated water showed
a highly significant reduction of clinical parameters
and MCP-1 activity.
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ACRONYMS

Elisa: Enzyme-Linked Immunosorbent Assay
GBI: Gingival Bleeding Index

GCF: Gingival Crevicular Fluid

MCP-1: Monocyte Chemoattractant Protein
PI: Plaque Index

PPD: Probing Pocket Depth

Conclusion
Subgingival ozone irrigation can be an effective method
to reduce gingival inflammation in orthodontic patients.
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INTRODUCTION

Fixed orthodontic appliance treatment tends to promote
dental plague accumulation and gingival inflammation,
related to the difficulties posed in maintaining optimal
oral hygiene. In time, plaque accumulation around
orthodontic appliances may lead to gingivitis, enamel
decalcification and white spot lesion formation.'*

In order to overcome these problems, numerous preventive
strategies are used and recommended in the literature.>”
These strategies are mainly focused on the elimination
of the cariogenic microflora or the mechanical removal of
the plaque.®

Ozone therapy is amongst these strategies and nowa-
days the ozone treatment is gaining wider acceptance
in dentistry. In the field of orthodontics, ozone gas has
been tested for its anticariogenic effect, for its effect on
the shear bond strength of orthodontic brackets to enamel
and on the presence of gingival inflammation.® !

The aim of the study was to compare the clinical effects
of subgingival irrigation with ozonated water to those
seen with chlorhexidine solution irrigation on gingivitis in
patients with fixed orthodontic appliances and also to
correlate the clinical effects with the MCP-1 activity in
the GCF.
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MATERIALS AND METHODS
Study sample

A total of 30 subjects aged between 21-23 were enrolled in
the study. The participants had no relevant medical history
and had not taken antibiotics nor used antibacterial mouth
rinse within the last month. The inclusion criterion was
having been under fixed orthodontic appliance treatment
for a minimum of three months.

The participants were informed about the study well
in advance and informed consent was obtained.
Ethical clearance was granted by the Ethical Committee
of the C.K.S. Theja Institute of Dental Sciences &
Research, Tirupati.

Method

This study was conducted for 28 days. The study period
was divided into three-time intervals i.e. baseline (day 0),
day 14, day 28. A split-mouth design was used in this
study of subgingival irrigation. The right and left maxillary
quadrants were irrigated with ozonated water and
chlorhexidine solution respectively and were designated
as the experimental and control sides respectively.

Clinical procedure

At the baseline, clinical parameters such as plaque
index,'? gingival index™ and gingival bleeding index'
were recorded at distofacial, facial, mesiofacial and the
entire lingual gingival marginal surfaces of all the teeth
present. The probing pocket depth was also determined,
using William’s periodontal probe for the same surfaces.
The value was registered to the nearest millimetre
boundary/division. All the recordings of clinical parameters
were made by the same calibrated examiner, who was
blinded as to the treatment condition. GCF samples were
collected from both sides of each maxillary quadrant
followed by subgingival irrigation.

Ozone irrigation

The right half of the upper quadrant was irrigated with
0.01mg/l ozonated water that was released from a
dental jet (Kent Ozone Dental jet TY- 820, Pure Water
House, Bangalore, India). The device released a single
pulsating stream of ozonated water from the nozzle.
The speed and pressure of the flow could be varied from
350 to 500kPa with an ozone output of 0.082mg/h, at a
noise output of <70dB and a water outflow of >450ml.
A 22-gauge blunt needle was bent and attached to the tip
of the nozzle of the device. The crevice was irrigated with
ozonated water by inserting the needle 3mm subgingivally.
A stop clock was used to set the irrigation time to 15sec
at each site. A total time of 5-10min was spent for the
irrigation for each patient.

Chlorhexidine irrigation

The other half of the quadrant were irrigated with 0.2%
chlorhexidine solution released from a "Water Pik".
A 22-gauge blunt needle was bent and attached to the
tip of the nozzle of the device. Irrigation was done at the
low-pressure setting.
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GCF sampling procedure

GCF was collected using 1-3ul calibrated volumetric
microcapillary pipettes obtained from Sigma Aldrich
Chemical Company, USA (Catalog No.p0549). By placing
the tip of the pipette extracrevicularly (unstimulated)
for 5-20 minutes and referring to the calibration on the
micropipette, a standardized volume of 2ul GCF was
collected using from each test site. After collection, the
samples were stored in a refrigerator at -20°C in the
Department. of Anthropology, Tirupati for subsequent
biochemical analysis.

Patient’s instructions

After irrigation, the patients were directed to follow
oral hygiene habits regularly, using a standard Ortho
toothbrush and paste provided to each. The patients were
instructed to report on the 14" and 28" day following
irrigation treatment.

Quantification of inflammatory mediators - MCP-1
by enzyme-linked immunosorbent assay

The assay was based on Sandwich Elisa. Capture anti-
body was coated on an Elisa plate and stabilized by
coating stabilizer. Standards and samples containing
antigen were added to the wells and incubated.
During incubation, antigen and antibody complexes
were formed. This complex was detected by using biotin-
labelled tracer antibody conjugated with streptavidin-
horse radish peroxidase.

Addition of a tetramethylbenzidine (TMB) substrate pro-
duced colour which could be monitored at a wavelength
of 450nm by the ELISA reader. A calibrated standard
curve, plotted with optical density values of the standards,
was used to approximate the concentrations of MCP-1
in the tested samples.

Statistical analysis

Statistical data was subjected to: an Independent t-test
to compare the data between test and control samples at
various durations, a Pearson correlation test to correlate
between clinical and biochemical parameters, and an
ANOVA test to analyze the differences among group
means. For all the tests, P<0.05 was considered statisti-
cally significant.

RESULTS

The results of the study are reported in Tables 1-13.
The interpretation of clinical and microbial data was done
on the information gathered at baseline and on the 14"
and 28" days. A significant reduction was observed for all
the clinical parameters with both ozone and chlorhexidine
irrigation (Tables 1-3).

A higher percentage of reduction of Pl (71.4%), Gl (74.6%)
and GBI (93%) was observed with ozone irrigation as
compared with chlorhexidine. No such drastic reduction
in PPD was observed when a comparison was made
between the data of the experimental and control sides
taken on the 14" and 28" days (Table 4).
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Besides affecting the clinical parameters, ozonated
water irrigation also caused significant reduction in the
GCF MCP-1 enzyme activity from baseline to 14" day,
from 14" to 28™ day and also from baseline to 28" day.
The percentile reduction of MCP-1 (57.9%) using
ozone was appreciable as compared with chlorhexidine
(45.7%) from baseline to the 28" day. (Table 5)

Results also showed a statistically significant positive
correlation between the concurrent changes of clinical
parameters and MCP-1 values on both sides.

Table 1. Mean Plaque Index (PI) on experimental side and control side at
three time intervals

Experimental 30 2,243  0.143 =
Day 0 1.026  0.078™
Control 30 2127  0.293 -

Experimental 30 1.190 0.214 46.8

Day 14 -10.709 0.000*
Control 30 1.670 0.212 21.2
Experimental 30 0.647 0.161 71.4
Day 28 -7.977  0.000*
Control 30 0.997  0.199

Table 2. Mean Gingival Index (Gl) on experimental side and control side at
three time intervals

Experimental 30 2130 0.149

Day 0 i 1110 0487+
Control 30 2.040 0.271 =
Experimental 30 1.200 0.087 43.6
Day 14 13.083  0.000*
Control 30 1.660 0.175 18.6
Experimental 30 0.540 0.210 74.6
Day 28 8.449  0.002*
Control 30 1.080  0.241 49.5

Table 3. Mean Gingival Bleeding Index (GBI) on experimental side and
control side at three time intervals

Experimental 13.030 7.699
Day 0 -0.340 0.471**
Control 30 12.870 6.703 o
Experimental 30 4500 2874 65.4
Day 14 -7.895 0.000*
Control 30 10.130 3.857 21.2
Experimental 30 0.870  1.634 93.0
Day 28 -7.319  0.000*
Control 30 5470 3.711 57.4

This double-blind prospective clinical study was carried
out to evaluate and compare the clinical effects on
gingivitis of a single subgingival irrigation with 0.01mg/1
ozonated water with effects associated with 0.2%
chlorhexidine irrigation in patients with fixed orthodontic
appliances and also to correlate the clinical parameters
with the MCP-1 activity in GCF.

The results showed significant reduction for all the clinical
parameters from baseline to 14" day, from 14" to 28" day
and also from baseline to 28" day on both the ozonated
water irrigated side (p<0.01) and the chlorhexidine
irrigation side (p<0.01). The results followed an expected
pattern as seen in the study conducted by Dhingra
and Vandana.'' Schlagenhauf et al.’”® showed that
ozonated water was highly effective in killing both Gram
+ve and -ve oral microorganisms in vitro.

However, the statistical comparisons showed that the
ozonated water- irrigated side experienced a highly
significant reduction of mean PI, GI, GBI scores, whilst
the mean PPD score showed no significant change.
A higher % reduction of PI, Gl, GBI was also reported by
Kshitish and Laxman,'® who compared the effects of
ozone to chlorhexidine in patients with chronic and
aggressive periodontitis. Furthermore, they reported that
the percentile reduction of Actinobacillus actinomycetem-
comitans (Aa) (25%) using ozonated water was appreciable
as compared with no change in Aa occurrence using
chlorhexidine solution.

The possible mechanism for the reduction in the PI and
gingival inflammation associated with subgingival ozone
irrigation may be the antibacterial effect on the plaque
microorganisms or may be by disruption of subgingival
plaque rather than an instant killing of microorganisms.
Huth et al.''® showed that NF-Kb activity in oral cells
in periodontal ligament tissue from the root surfaces
of periodontally damaged teeth was inhibited following
incubation with aqueous ozone (20ug/ml), suggesting that
it has an anti-inflammatory capability.

Although there was a significant reduction in GBI %
scores in this study at both 14" and 28" days indicating
that reduction was maintained throughout the study
duration of 28 days, it cannot be assumed that GBI scores
would have been maintained had the duration of the
study been longer. A prolonged observation period will
allow a better estimation of the effect of the extinction.

The significant reduction in probing depth seen at 14"
day (33.4%) and 28" day (44%) on both sides could
have resulted from a reduction in gingival inflammation.

The MCP-1 marker in GCF was selected because its
activity may increase around teeth wearing orthodontic
appliances even if they do not undergo orthodontic
movement, possibly as a consequence of gingival
inflammation produced by the presence of plaque re-
tentive appliances.®

Table 4. Mean Probing Pocket Depth (PPD) on experimental side and
control side at three time intervals

Experimental 30 2.600 0.621 -

Day 0 0.000  1.000**
Control 30 2600 0.621 -
Experimental 30 1.730  0.538 33.4
Day 14 0.000 1.000**
Control 30 1.730 0.538 33.4
Experimental 30 1430 0.626 45
Day 28 0.000  1.000**
Control 30 1.430 0.626 45

Table 5. Mean LDH Values (mU/sample) in GCF on experimental side and

control side at three time intervals

Experimental 30 416.643 28.376 -
Day 0 -0.553 0.584**
Control 30 419.307 28.779 -

Experimental 30 291.643 21.197 30
Day 14 -21.765 0.000*
Control 30 366.723 7.679 12.6

Experimental 30 161.077 14.105 63.7
Day 28 -17.641  0.000*
Control 30 227.363 17.723 45.7
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There was indeed a significant reduction in in MCP- 1 S e Y o M T T}
enzyme activity from baseline to the 14" day, from 14"  Relfie=ReElEN S CEReaReiie e BN oA Pt

to 28" day and also from baseline to 28" day in both
the ozone and chlorhexidine irrigation sites. The base-

0.573 0.546 0.502 0.980

line GCF MCP-1 levels on experimental and control al 30 1.000
sides were 38.93pg/ul and 39.71pg/ul respectively. ool 0002 EODUSE 0000
0.573 0.364 0.362 0.539
30 1.000
Table 6. Results of Pearson's Correlation test between GCF- LDH & gl D g D22
Clinical parameters on experimental side — Day 0 0.546 0.364 0.5658 0.890
GBI 30 1.000
0.002 0.048 0.002 0.001
0.502 0.362 0.553 0.499
0.543 0.624 0.565 0.704 30 1.000
30 1.000 0.004 0.049 0.002 0.005
0.002 0.003 0.003 0.000
0.980 0.539 0.890 0.499
0.543 0.489 0.376 0.633 LDH 30 1.000
30 1.000 0.000 0.002 0.01 0.005
0.002 0.003 0.038 0.000
- 0.624 0.489 638 0.511 0.429 Table 11. Results of Pearson Correlation test between GCF- LDH &
0.003 0.034 ’ 0.004 0.027 Clinical parameters on control side — Day 28
0.565 0.376 0.511 0.378
%0 0.003 0.038 0.004 1000 0.039
= : = = 0.369 0.789 0.477 0.948
0.704 0.633 0.429 0.378 Gl 30 1.000
LDH 30 1.000 0.045 0.051 0.003 0.000
0.000 0.000 0.027 0.039
0.369 0.741 0.583 0.863
30 1.000
: 0.045 0.063 0.001 0.001
Table 7. Results of Pearson's Correlation test between GCF- LDH &
Clinical parameters on experimental side — Day 14 GBI 30 0 Q7 1.000 uEr 0=
0.051 0.063 0.000 0.004
0.477 0.583 0.607 0.489
0.195 0.174 0.267 0.762 £ el
al 30 1.000 0.003 0.001 0.000 0.006
0.302 0.359 0.154 0.000 LoH % 0.948 0.863 0.634 0.489 000
- 0.195 658 0.042 0.061 0.116 0.000 0.001 0.004 0.006 ’
0.302 : 0.825 0.750 0.541
& - 0.174 0.042 638 0.247 0.276 ble 12. ANOVA for experimental side
0.359 0.825 . 0.188 0.140
0.267 0.061 0.247 0.215
30 1.000
0.154 0.750 0.188 0.255 Between sides 19.164
Gl 778.283 0.000*
0.762 0.116 0.276 0.215 Within sides 0.025
LDH 30 1.000
0.000 0.541 0.140 0.255 Between sides 19.770
642.918 0.000*
Within sides 0.031
Table 8. Results of Pearson Correlation test between GCF- LDH & Clinical Between sides 1170.233 50,007 0.000°
parameters on experimental side — Day 28 Within sides 23.402 : :
Between sides 11.011
— 29.536 0.000*
% op | 0454 0S84 o7 094 Bliihi siglos e
: Between sides 529548.211
0.041 0.051 0.042 0.000 LDH 1093.013 0.000*
0.454 0620 0867 0695 Uit STE1es AR
0.041 0.042 0.032 0.039
0.584 0.620 0.897 0.782
0 st ETHE 2 TR oo Table 13. ANOVA for control side
0.744 0.867 0.897 0.818
0.042 0.032 0.000 0.025
Between sides 7.746
LbH % 0.941 0.695 0.782 0.818 000 al een 139576 0.000"
0.000 0.039 0.001 0.025 Within sides 0.055
Between sides 9.694
T 167.627 0.000*
Table 9. Results of Pearson Correlation test between GCF- LDH & Clinical itiinSices D&
parameters on control side — Day 0O Between sides 1244.933
GBI 50.762 0.000*
Within sides 24.526
Between sides 11.011
0.301 0.246 0.402 0.978 29.536 0.000*
30 1.000 Within sides 0.373
0.150 0.159 0.028 0.000
Between sides 295142.299
0.301 0.594 0.506 0.336 LDH L 737.053 0.000*
30 1.000 Within sides 400.435
o 0 sgnifcant
0.246 0.594 0.666 0.316
%0 0.159 0.001 1000 0.000 0.089
: ‘ : : These results were in concord with Yu et al.2° who found
0.402 0.506 0.666 0.420 . P P .
30 1.000 that MCP-1 is expressed in inflamed gingival tissue as
CO=5h  0.004  OICDY 002 it plays an important role in the recruitment of mono-
o &% 0578 EEEEEEE 0515 RN o0 cytes and the amplification of inflammatory signals in

0.0007 CCo | 0-059" Ol bacterially induced inflammation. The GCF MCP-1 levels
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in our study reduced significantly from 38.93pg/ul
to 16.36pg/ul at 28" day after ozone irrigation (p<0.01)
and from 39.71pg/ul to 21.53pg/ul on control side
(p<0.01).

When the effects of the irrigants were compared,
the data of the ozonated water showed a highly
significant reduction in MCP-1 concentration (p<0.01).
Concurrently, changes in GCF MCP-1 values and the
clinical parameters and PPD between baseline and 28™"
day, evaluated using Spearman’s correlation coefficient,
were also seen to exhibit a significant correlation on
both experimental and control sides.

At the end of one month, reduction of gingival inflam-
mation in orthodontic patients was appreciable with a
single subgingival irrigation of 0.01mg/l ozonated water
as compared with 0.2% chlorhexidine. Thus, subgingival
ozone irrigation can be an effective method that can
be performed during monthly visits on orthodontic
patients to reduce the gingival inflammation.

Considering the limitation of this study in terms of
short duration, ozone can be considered as a promis-
ing anti-inflammatory agent in periodontal therapy.
Further long-term studies are required to adequately
assess the efficacy of ozone with respect to the frequency
and duration of application.
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