
COMPARISON OF OZONATED GEL AND CHLORHEXIDINE TREATMENTS
ON GINGIVAL CREVICULAR FLUID VOLUME ASSOCIATED WITH

PLAQUE-INDUCED GINGIVITIS

Maha Zuhair Al-Chalabi1, Ayser Najah Mohammed2 and Ban Zuhair Ahmed3*
1Department of Dentistry, Al-Hikma University College, Iraq.

2Department of Periodontology, College of Dentistry, University of Baghdad, Iraq.
3Department of Periodontology, College of Dentistry, University of AL-Issra, Iraq.

*e-mail : dr.banzuhair@yahoo.com

(Received 4 September 2020, Revised 8 November 2020, Accepted 15 November 2020)

ABSTRACT : This study was aimed to compare the clinical effectiveness of ozonated gel and chlorhexidine treatments on
gingival crevicular fluid (GCF) volume associated with plaque-induced gingivitis (PIG). Fifty male patients affected with (PIG),
(25/group) with an average age of (18-30) years were enrolled throughout the study. They were divided into two groups, (G1)
scaling and treated with Chlorhexidine and (G2) scaling and treated with Ozone gel. Patients were instructed to massage their
gingiva twice a day for 1 week with the ozonated gel). GCF was collected from four sampling tooth sites by paper strips (PS) at
zero-time and day-7. The median values of the GCF volume (µL) at 0-time showed that there were no statistically significant
differences among the two groups. However, at day-7 post-treatments Ozone gel group showed significantly lower GCF volume.
Treatment for 7 days with Ozone gel was much more efficient in reducing GCF volume (µl) when compared with the Chlorhexidine
group.
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INTRODUCTION

Plaque-Induced Gingivitis (PIG) is a reversible
inflammatory condition caused by the accumulation and
persistence of microbial biofilms (dental plaque) on the
teeth. In susceptible individuals, gingivitis may lead to
periodontitis and loss of the soft tissue and bony support
for the tooth (Derafshi et al, 2017). Gingival crevicular
fluid (GCF) is an inflammatory exudate with constituents
derived from several sources, including serum, the
connective tissue and the epithelium through which
gingival crevicular fluid passes on its way to the gingival
crevice, in addition to inflammatory cells and bacteria
present in the tissues and crevice (Lamster and Ahlo,
2007). To prevent gingivitis and its progression to
periodontitis, daily, and effective supra-gingival plaque
control methods are considered the most effective
methods to regain and maintain dental and periodontal
health (Indurkar and Verma, 2016). The measurement
of human gingival crevicular fluid (GCF) has proven to
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play an important role in the assessment of gingivitis
(Oliver et al, 1969; Champagne et al, 2003; Goodson,
2000). The GCF analysis is a noninvasive measure that
assesses the pathophysiological state of the periodontium
at a specific site (Uitto, 2003). Collins et al (2016) stated
that GCF flow is proportional to the severity of
inflammation, thereby highlighting its importance as an
assessment tool.

Ozone is currently being discussed in dentistry as a
possible alternative antiseptic agent. Ozone has strong
antimicrobial activity against bacteria, fungi, protozoa, and
viruses and does not induce microbial resistance (Abruzzo,
2013). Recent investigations have reported antimicrobial
effects on oral pathogens of both gaseous and aqueous
forms of ozone and the effectiveness of ozone in the
treatment of oral diseases is currently a subject of intense
research (Huth et al, 2006; Dimitrios and Brian, 2013).
In dentistry, Dr. E.A. Fisch (1889–1966) was the first
dentist to use ozonated water in his practice (Nagayoshi
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et al, 2004). Other reports have indicated that aqueous
ozone is highly biocompatible with fibroblasts,
cementoblasts, and epithelial cells, suggesting that
aqueous ozone would be useful in treating oral infectious
diseases such as periodontal disease, apical periodontitis,
and peri-implantitis (Nagayoshi et al, 2004; Dimitrios and
Brian, 20131). The main use of ozone in dentistry is relays
on its antimicrobial properties. It is proved to be effective
against both Gram-positive and Gram-negative bacteria,
viruses and fungi in periodontology, it has been used for
the treatment of gingivitis, periodontist, peri-implantitis,
surgical cuts and prophylaxis (Alhadlaq and Patil, 2015).
Ozone can be used in various forms for the treatment of
periodontal disease: Ozonated water, ozonized oil, and
gaseous ozone (Alhadlaq and Patil, 2015; Saini, 20114;
Fabbro et al, 2001).

Chlorhexidine digluconate (CHX) can kill a wide
variety of micro-organisms including gram-positive and
gram-negative bacteria (aerobes and anaerobes) as well
as fungi including yeasts (Emilson, 1977; Greenstein et

al, 2986; Puig, 2008). Its efficacy in controlling plaque
and gingivitis in humans in the absence of active oral
hygiene was first demonstrated over 40 years ago by
Löe et al (1970). A literature review, highlighting
chlorhexidine as not only a plaque control agent but also
as an effective antimicrobial agent and its wider
application in a variety of oral disorders in various
formulations (Palwankar et al, 2011). Chlorhexidine is
usually delivered as a mouth rinse or gel. In-gel form,
chlorhexidine can be applied as a paste at home or in
trays in the dental clinic. The frequency of use is 3–4
times daily for 2 days or daily for 10–14 days (Nagayoshi
et al, 2004).

MATERIALS AND METHODS
This study was carried out at the University of

Baghdad, College of Dentistry, Department of
Periodontology and Al-Mansour Health Center for Family
Medicine, Baghdad Health Administrative Office, Al-
Karkh. Fifty male patients affected with (PIG), (25/
group) were enrolled throughout the study. They were
divided into two groups, Group1(G1) scaling and treated
with Chlorhexidine gel and group 2 (G2) scaling and
treated with Ozone gel.

Inclusion criteria
1. Patients with mild or moderate plaque-induced

gingivitis.

2. Age range of 18–30 years old.

3. Patients exhibited no evidence of clinical attachment
loss.

4. Ready to give agreement.

Exclusion criteria

1. Use of antibiotics in the past 3–4 weeks.

2. History of dental treatment/use of mouthwash.

3. Patient with acute necrotizing ulcerative gingivitis,
acute herpetic gingivostomatitis, allergic gingivitis,
gingivitis associated with skin diseases, gingivitis
associated with endocrine-metabolic disturbances,
gingivitis associated with hematologic-immunologic
disturbances, gingival enlargement associated with
medications, gingival tumors were excluded

4. Individuals with known systemic disease.

6. Smokers.

Collection of Gingival Crevicular Fluid (GCF)
samples

Before sample collection; four paper strips
(PerioPaper Strips; Oraflow Inc. New York, USA) were
placed in a 1.5mL Eppendorf tube and weighted (weight,
W1) on an electronic balance with a readability of±0.01mg
and a maximum capacity of 210 g. The weight of the
four (PS) was used as a reference weight for the rest
calculation of the main GCF (MGCF). The collection of
the GCF was performed repeatedly at four different sites
of the anterior teeth (Maxilla and mandible). Then the
(PS) were transferred into the Eppendorf tube and
immediately weighed (W2).

Samples collection

Samples were collected in the morning, 2–3 h after
breakfast from 50 patients. All patients were accepted
ultrasonic scaling and were asked to keep good oral
hygiene. Patients were instructed to massage their gingiva
for 3 minutes twice a day (in the morning and night) for 1
week with Chlorhexidine (group 1) and ozonated gel
(group 2).

Patients also were advised to avoid eating, drinking,
or rinsing for half an hour after gel application. The GCF
samples were collected from all patients on the same
four sampling tooth sites by paper strips (PS) at baseline
(zero-time) and day-7. Pre-secreted saliva was removed
by rinsing the oral cavity with water. Then, each site of
the four incisors was isolated from residual salivary
contamination by using cotton rolls and by gently air-
drying the tooth surface for 10 s. The newly formed
crevice fluid was collected after 2 min with a 2 ! 6-mm
(PS), pore size 0.22 ìm. Each (PS) was gently introduced
into the gingival crevice until minimum resistance was
felt and left in situ for 30 seconds. The four (PS) were
removed after 30 seconds and transferred into the
Eppendorf tube, which was sealed and immediately
weighted. Paper strips visibly contaminated with blood
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were discarded.

Extraction of the GCF (elution and centrifugal
procedure from PS)

In each Eppendorf tube, the four (PS) were
incubated with 300 µl of phosphate-buffered saline.
Samples were eluted at 4°C overnight (Refrigerator).
Samples were centrifuged at 400 g (2000 RPM) for 4
min. The supernatants were kept frozen at –80°C until
analyzed (Schwendicke and Göstemeyer, 2017).

Determination of the GCF volume

All sites from each patient were pooled and used for
GCF volume determinations. The Main weight of GCF
absorbed on the four PS was determined by differential
weighing according to the equation: MGCF = W2–W1
(Emilson, 1977; Schwendicke and Göstemeyer, 2017).

M = Main weight of GCF (µg); W2 = Weight of GCF
after GCF collection; W1 = Weight of GCF before GCF
collection. Then, the value was divided by four to obtain
the mean value per patient. The obtained value, expressed
as µg, was converted to volume (µL) assuming the density
of GCF was 1 mg/mL (Volume = Mass/Density),
(Griffiths, 2000).

Data processing and statistical analysis

Data analysis was performed using the statistical
package SPSS ver. 11.5 (SPSS Inc., Chicago Illsion,

USA) and the computer software by David S. Walonick,
2010, Stat Pac Inc.). Non-parametric statistics were used
after testing the normality of the data, using a Shapiro–
Wilk test.

RESULTS

Comparison of gingival crevicular fluid (GCF)
volume (µl) at 0-time (baseline measurement) and
day 7 recoded in G1and G2

The results in Table 1 of the median values of the
(GCF) recorded in each group (G1 and G2) at 0-time
were (0.52 and 0.54), respectively. Comparing the median
values of the GCF, there was no statistically significant
(p>0.05) difference between the two groups, (H-
statistics=1.0691 and P-value =0.585). However, at day-
7 post-treatments (Table 2) the results showed that there
were statistically significant (p<0.05) differences between
the two groups (0.42 and 0.34 in G1 and G2, respectively.
(H-statistics=11.827 and P-value =0.002). Moreover, the
results (Table 3) revealed that the median value in G1
before treatment (0-time) was (0.54) decreased to (0.42)
and in G2 was (0.52) deceased to (0.34), respectively.
This reduction was statistically significant (P<0.05), (W-
value = 44.5 and critical value of W = 46 in G1, while in
G2 the W-value was 37.5 and critical value Was 65) and
G2.

Table 1 : Comparison of Gingival crevicular fluid (GCF) volume(µl) at 0-time recorded in G1 and G2.

GCF(µl) at 0-time

Groups (25/group) Median Kruskal-Willis Test

H-statistics P-value Result at P<0.05

G1 0.52
1.0691 0.585 NS

G2 0.54

G1 = CHX group, G2 = Ozone gel group. NS = non-significant (P > 0.05).

Table 2 : Comparison of Gingival crevicular fluid (GCF) volume (µl) at day-7 recorded in G1 and G2.

GCF(µl) at day 7

Groups (25/group) Median Kruskal-Willis Test

H-statistics P-value Result at PÂ0.05

G1 0.42
11.8279 0.002 S

G2 0.34

G1 = CHX group; G2 = Ozone gel group; S = significant (P > 0.05).

Table 3 : Effect of different treatments (before & after) on gingival crevicular fluid (GCF, µl) at 0-time and day-7 recorded in G1 and G2.

Median Wilcoxon Signed-Rank Test
Groups P!!!!!0.05

Before (0-time) After (day -7) W-value* Critical value of W

G1 0.54 0.42 44.5 46 S

G2 0.52 0.34 37.5 65 S

G1 = CHX group, G2 = Ozone gel group, S = significant (P ! 0.05).
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DISCUSSION

GCF is a biological exudate and quantification of its
constituents is a current method to identify specific
biomarkers with reasonable sensitivity (Daneshmand and
Wade, 1976).  The analysis of GCF is an extremely useful
diagnostic instrument for both periodontology and
orthodontics (Eden, 2017; Fayek et al, 2012). Several
investigators have suggested that the amount of GCF
increases during gingivitis and periodontitis (Armitage,
1999; Huth, 2006). The results of this study agreed with
Gupta and Mansi (2012), who demonstrated that clinically
and histometrically production of GCF strongly increases
when gingiva is severely inflamed (Tables 1 & 2)
(Daneshmand and Wade, 1976; Oliver et al, 1969;
Champagne, 2003). Griffiths (2003) concluded that Low
GCF flow is associated with healthy tissue while a high
GCF flow indicates inflamed tissues. Furthermore, Filippi
(2011) suggested that ozonized water applied on the daily
basis can accelerate the healing rate in oral mucosa and
the effect is more pronounced in the first two
postoperative days. On the other hand, Montevecchi et

al (2013) found that ozonated oil is a more effective
antiseptic than chlorhexidine digluconate and povidone-
iodine against S. aureus and the periodontal pathogen P.

gingivalis. Furthermore, Indurkar and Verma (1999)
concluded that gingival massage with ozonated oils can
be used as an effective alternative to gingival massage
with chlorhexidine gel against plaque-induced gingivitis.
The significant reduction after treatment in the median
value of GCF in favor of G2 (Ozone gel) as compared to
G1(CHX gel) at day-7 (Table 3) could be explained as
suggested by Safinaz (2016), Jin and Corbet (2000) by
the antibacterial effect of ozone on the plaque
microorganisms, since scaling concurrently performed
with ozone application enable Ozone gel to react directly
with the bacterial plaque allowing it to exert its optimal
bactericidal effect during exposure and subsequently
reduce gingivitis. The results of this study agreed with
Ozkavaf et al (2001) that GCF collection with filter paper
strips is probably the most preferred sampling method
and this method could be used to analyze the level of
different cytokines and other biomarkers in GCF (Lin et

al, 2005; Gamonal, 2001; Abdelhamid, 2012; Abruzzo,
2013).

CONCLUSION

Treatment for 7 days with Ozone gel (G2) was much
more efficient in reducing GCF volume (µl) when
compared with the Chlorhexidine group (G1). Gingival
crevicular fluid can be an important technique in diagnosis
and therapy control against plaque-induced gingivitis.
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