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The aim of the present study was to assess the correlation between salivary (flow rate, pH) and clinical (GI,
PI) parameters and the use of two common mouthrinses in young adults. A total of ninety subjects were
randomly assigned to three groups, i.e. group A -ListerineÒ, group B -0.05% sodium fluoride, and group C -
distilled water. After 6 weeks of using the corresponding mouthrinses twice a day, the results showed that
ListerineÒ produced the highest increase of the salivary pH (7.58±0.043) and flow rate (0.82±0.280) and
the highest decrease of the GI (0.79±0.177) and PI (1.30±0.375). Significant correlations (p<0.05) were
found between the use of mouthrinses and the salivary and clinical parameters examined.
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Salivary parameters (flow rate, pH and buffering
capacity) exert a profound influence on caries risk status
and gingivitis. Reduced salivary flow rates result in reduced
salivary pH and buffer capacity, whilst stimulation of
salivar y flow results in greatly inhanced levels of
bicarbonate, which increases the pH and buffering capacity
of the saliva. At the same time, there is an increase in urea
with salivary flow, providing the production of basic
molecules and counteracting dietary and plaque acids [1,
2].

The average intra-oral pH is around 7.4 and it slightly
decreases during sleep time. The critical pH is defined as
the highest pH at which there is equal ion exchange
between a solid immersed in its saturated solution. The
critical pH of dental caries is well established to be in the
range of 5.5-5.7, in which pH levels below this threshold
will initiate the dissolution of enamel [3-5].

In conjunction with mechanical hygiene, mouthrinses
may aid in controlling supragingival plaque and gingivitis.
A mouthwash may be recommended to treat infection,
reduce inflammation, relieve pain, reduce halitosis or to
deliver fluoride locally for caries prevention [6].

Fluoride is an established antimicrobial agent. Sodium
fluoride is regarded as a gold standard of caries prevention.
It is extensively used to prevent and treat dental caries due
to its anticariogenic and remineralization properties [7].

The efficiency of Listerine® as an oral antiseptic is based
on a formula of four essential oils: thymol 0.064%,
eucalyptol 0.092%, methyl salicylate 0.060% and menthol
0.042%. This essential oil penetrates oral microbial biofilm
and kills microorganisms by disrupting their cell wall and
by inhibiting their enzyme activity. This reduces bacterial
load, slows plaque maturation and decreases plaque mass
and pathogenicity [8].

The aim of the present study was to assess the
correlation between salivary (flow rate, pH) and clinical
(GI, PI) parameters  and the use of two common
mouthrinses: 0.05% sodium fluoride and Listerine® in
young adults.

Experimental part
Study population

A randomized blinded controlled trial was conducted
on 90 students (50 female and 40 male) attending the
Faculty of Dental Medicine of the Grigore T. Popa University

of Medicine and Pharmacy in Iasi, Romania. The inclusion
criteria for the study were: adults with no systemic
diseases, having full complement of the teeth, non-
compromised oral health (brushed their teeth twice a day),
no history of systemic antibiotic use or topical fluoride
treatment within 4 weeks prior to baseline, and not
wearing  any  fixed  or removable prosthesis or orthodontic
appliance. The exclusion criteria were: subjects who wore
fixed or removable orthodontic appliances or prosthesis,
had been prescribed antibiotics or other antimicrobial
medications in the last 4 weeks, had undergone
periodontal treatment in the previous 6 months, having any
systemic illness or pregnancy.

Informed consent was obtained from the subjects prior
to the study. Data privacy as well as the impossible
identification of subjects in the case the results are
published were ensured [9].

Clinical examinations were performed by 3 calibrated
dentists. The Kappa index had values ranging between
0.78 and 0.83.

Mouthrinses used and saliva collection
Commercially available ListerineÒ mouthwash

(Johnson & Johnson) and commercially available 0.05%
sodium fluoride mouthwash (Oral-B Pro-Expert) were used
as experimental solutions. Distilled water was used in the
control group. The mouthwashes were bottled and coded
in similar containers (250 mL). The subjects were randomly
assigned to three groups, i.e. group A -ListerineÒ, group B
-0.05% sodium fluoride, and group C -distilled water, with
30 subjects in each group.

Sufficient amount of mouthrinse was provided for the
six- week period of the study and each subject was given
detailed instruction in its use.The subjects were asked to
continue with their normal oral hygiene procedures but, in
addition, to rinse their mouth after brushing at morning
and night, with 20 ml of the mouth rinse containing
ListerineÒ, 0.05% sodium fluoride or distilled water, for 30
s, twice a day, for 6 weeks. After each application, they
were requested not to eat or drink for 1 h. After 6 weeks of
regular application, the participants were instructed to stop
using mouth rinses. The participants were given the same
tooth brush and fluoride tooth paste to brush their teeth
twice a day during the study. Before starting the first phase,
professional oral hygiene, which included scaling and root
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planing with polishing, was done and the plaque score was
brought to zero.

Before saliva collection, patients were kept seated for 5
min, relaxed and without talking. Unstimulated saliva was
collected over a period of 5 min. Before collection, the
mouth was emptied by an initial swallow. The examinator
asked the subjects to spit out the produced saliva each 60
s in a plastic container. Salivary pH analysis was performed
using the chair side kit M-S Saliva Check Buffer Kit (GC
America Inc.). Unstimulated saliva was collected and the
pH test paper was dipped in the sample for 10 seconds,
then the color changes were compared with the chart
provided by the manufacturer and the values were
recorded.

Clinical examinations
Data were collected at baseline, immediately after the

first rinse, and every week until the 6th week of study. The
subjects were assessed for salivary flow (unstimulated)
and pH, as well as for gingival status using the GI [10] and
bacterial plaque using the Quigley-Hein Index [11].
Materials used for the clinical examinations were mouth
mirror, periodontal probe and disclosing solution (Mira-2-
Tone).

Statistical analysis
Data were statistically analyzed using the SPSS

(Statistical Pakage for Social Sciences) 17.0. ANOVA tests
were used to identify significant differences between the
means of the study groups. Paired t-tests were used to
assess the significance of changes within each group
between time periods. Correlations were analyzed with
the Spearman coefficient. Critical p values of significance
were set at 0.05 and a confidence of 95%.

Results and discussions
A total of ninety subjects of age range 20 to 24 years

were recruited into the study and none was excluded
throughout the 6 weeks period of evaluation.

Table 1 shows the values of the salivary pH (mean ±
SD) in the three groups at baseline (before rinsing) and at
each time interval of the study. No statistical difference
was observed between the three groups at baseline. The
evaluation performed 1 minute after the first rinse showed
an increase of the salivary pH, statistically significant in
groups A (pH=7.93) and B (pH=7.83) (p=0.010 and
p=0.030, respectively) and non-significant in group C
(pH=6.80; p=0.907). In groups A and B the pH remained
higher than in the baseline examination until the end of the
study, with a small decrease in the follow-up examinations;
at the same time, the values were significantly higher than
in group C (p<0.05), with the highest values for group A.

The values of unstimulated salivary flow rate are shown
in table 2. The highest increase was observed in group A, 1
minute after the first rinse: 1.02 mL/min, as compared to
0.78 mL/min in group B and 0.52 mL/min in group C; after
that, the flow rate decreased slightly at the follow-up
examinations, but still remained at the highest value in
group A (0.82 mL/min at the 6-weeks examination) and
significantly higher than at the baseline examination
(p<0.05). In group B the flow rate increased during the
study (0.52 mL/min at the baseline examination and 0.70
mL/min at the 6-weeks examination), but the increase
was not statistically significant (p>0.05). No increase was
seen in group C. Inter-group comparison showed
statistically significant differences (p<0.05).

Table 1
DISTRIBUTION AND COMPARISON OF SALIVARY pH VALUES (MEAN ± SD) IN THE THREE GROUPS

Table 2
DISTRIBUTION AND COMPARISON OF SALIVARY FLOW RATE (mL/min) IN THE THREE GROUPS (MEAN ± SD)
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The Gingival Index (table 3) was recorded at the baseline
examination and then at the 3-weeks and 6-weeks
examinations, as no changes were expected 1 minute or
60 minutes after the first rinse. The only significant decrease
was seen in group A (0.80 at the 6-weeks examination,
compared to 1.20 at the baseline examination, p< 0.05),
meaning a reduction of 34%. In group B the decrease was
not significant, and in group C the GI increased during the
study. Except the baseline examination, inter-group
comparison showed statistically significant differences
(p<0.05).

The same time intervals of examination were used for
the plaque index, too (table 4). Significant decreases of
the Quigley-Hein index were seen in both group A (from
1.80 to 1.30, p=0.007) and group B (from 1.91 to 1.56,
p=0.042), with the highest reduction of the index in group
A (28%). In group C the index increased from 1.86 to 2.21
at the end of the study. Inter-group comparison showed
statistically significant differences (p<0.05).

The findings of the present study are in agreement with
the data in the literature, as other authors showed that
ListerineÔ reduced plaque and gingivitis by 20-35 per cent
and 25-35 per cent respectively, by disrupting cell walls
and inhibiting bacterial enzymes, without disrupting the
normal oral flora [12-14]. Phenolic compounds exhibit anti-
inflammatory properties by inhibiting prostaglandin
synthetase, an enzyme involved in the formation of
prostaglandins, which are primary inflammatory mediators
[15].

Spearman correlation analysis showed significant
correlations (p<0.05) between the use of mouthrinses and
the salivary and clinical parameters examined (table 5):

the salivary pH and flow rate increased, while the gingival
index and plaque index decreased with the use of
mouthrinses.

The differences found between the two mouthrinses
used in increasing the salivary pH and reducing the plaque
index may be explained by the more reduced antimicrobial
effect of fluoride, which is mainly exerted on the cariogenic
flora. Fluoride inhibits glycolysis of oral microorganisms by
interfering with enolase enzyme and by blocking
oxygenation of metabolic cycle for energy supply and
reproduction and stabilizes oral eco-system. Moreover,
accumulated fluoride in plaque by application of sodium
fluoride mouthrinse can interfere with the metabolism of
bacterial dental plaque [16-18]. Similar results in what
concerns the effect of sodium fluoride mouthrinse on
salivary pH were found in other studies, too [7, 19, 20].

As some essential oil mouthwashes have a pH below
5.5 there is some concern they may cause tooth erosion
[21]. Although the Listerine used in this study has a pH of
4.35 [22], rinsing with this mouthwash actually significantly
raised salivary pH levels at the measured times postrinsing,
and salivary pH remained above baseline values. Other
authors have suggested that stimulation of salivary flow
provides an increase in calcium and phosphate
concentrations as well as the alkaline environment. Acidic
mouth rinses may trigger the same mechanism,
stimulating salivary flow and producing a rise in pH [23-
26].

Conclusions
The use of mouthrinses significantly increased salivary

pH and flow rate of the young adults included in the study.
In addition, ListerineÒ significantly decreased Gingival
Index and Quigley-Hein Plaque Index after six weeks of
daily use.
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