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Abstract

The purpose of this study was to compare the preventive effects of the slightly acidic hypochlorous acid
(HOCI1) mouthwash and chlorhexidine (CHX) mouthwash as a chemical plaque control agent for oral
diseases. This study was conducted for 15 patients who had no systemic disease among the patients who
visited M Dental Clinic in Busan, South Korea, excluding the patients with incomplete data. The
patients were divided into three groups: five patients in the 0.005% CHX (Bukwang Pharm Co., Ltd.)
gargling group, five in the slightly acidic HOCI gargling group, and five in the saline gargling group. The
patients were instructed to gargle with 15 ml of each mouthwash for 1 minute, and to then spit saliva for
1 min to remove the remaining gargling solution. Then the halitosis, O’Leary index, dental caries
activity, bacterial species, and motility were measured. As a result, these decreased in the CHX gargling
group compared to the saline gargling group, but the difference was not statistically significant
(P>0.005), while there were significant decreases in the HOCI gargling group. The O’Leary index,
Snyder test, bacterial motility, and Filamentous more distinctly and effectively decreased in the HOCI
gargling group than in the CHX gargling group, showing statistically significant differences (p<0.05).
Based on this study, CHX, which is currently widely used in dentistry, can be said to be inconvenient to
use due to its strong fragrance and taste, and there have been many reports on the side effects on the
oral cavity of its long-term use. Therefore, if HOCI, which is harmless to the human body and has an
extensive sterilizing power, is used instead of CHX, safe and effective oral care will be achieved.
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Introduction

Oral diseases should be prevented by thorough oral care
because they cause discomfort due to halitosis and even loss of
teeth in severe cases. Among the oral diseases, dental caries
and periodontal diseases occur most frequently, occurring in
over 75% of adults [1]. Dental caries is an infectious disease
accompanied by destruction, which commonly occurs across
ages, from children to the elderly, and the typical causative
organism is Streptococcus mutans (S. mutans). In general, S.
mutans is most important for early biofilm formation, and is
known to cause dental caries through the process of adhesion
to the tooth surface, proliferation, and acid production [2]. The
major causative organisms are anaerobic bacteria such as
Filamentous and Spirochetas, which cause inflammation in the
connective tissue, loss of periodontal ligament, and alveolar
bone resorption. To prevent and treat dental caries and
periodontal diseases, the number of bacteria must be reduced
and eliminated by preventing bacterial colonization [3]. To
remove bacteria, mechanical tooth brushing, interdental tooth
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brushing, and mouth washing are used as mechanical plaque
control methods, but if they are wrongly used, irreversible
damage to the oral tissue may occur. Moreover, as it is difficult
for common people to effectively use these methods for
removing bacteria from the hard-to-reach areas, the chemical
plaque control method may instead be used [4]. Among the
existing chemical plaque control methods, mouth washing is
currently mainly used, and its use tends to increase because it
is easy to use and because it is easy to carry a mouthwash
bottle [5]. The chemical plaque control agents include
Chlorhexidine (CHX) [6], listerine® [7], fluoride [8], and
slightly acidic hypochlorous acid (HOCI) obtained through the
electrolysis of water containing sodium chloride (NaCl) [9]. In
particular, CHX is a bisguanide agent absorbed by
hydroxyapatite, the tooth surface, and salivary mucin, and is
slowly released, thereby changing into the active state. It is the
most commonly used mouthwash in dentistry because it is
known to be the most effective agent for supragingival plaque
[10]. Gusberti et al. [11] and So et al. [12] reported that
gargling with 0.05 and 2% CHX improves the effect of root
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planing. Grossman et al. [13] reported that the six-month use of
0.12% CHX reduced plaque in their study. In addition, CHX is
one of the most commonly used agents in dentistry because it
selectively inhibits S. mutans, a causative organism of dental
caries, and is also known to have good stability [14]. CHX,
however, is inconvenient to use because it has a strong flavor
and taste and causes coloring on the teeth and prosthesis as a
side effect of its long-term use, and produces a burning
sensation in the oral mucosa [15]. In addition, it has side
effects [16] like toxicity with excessive use, and a change in
the normal bacterial flora in the oral cavity [16]. As such,
studies have been conducted on a new mouthwash with
excellent safety and that can be continuously used without any
side effect.
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Figure 1. Principle of the HOCI generating apparatus (http://
www.ecowell.co.kr/page/su b3_3a).

Since recently, dentists have been using HOCI as a water pipe
solution as it has been found to have a germicidal effect similar
to that of HOCI, thus preventing water pipe infections. It has
an excellent germicidal effect and can be used as a mouthwash
after periodontal surgery or surgical operation [17]. HOCl is a
powerful disinfectant produced by a sterilized water generator
(Purister®, and has pH 5-6.5 and a low effective chlorine
concentration of 10-30 ppm as it is produced by electrolyzing
diluted Hydrochloric Acid (HCI) in a non-diaphragm
electrolytic cell. It is widely used for food hygiene control,
sterilization of crop diseases, prevention of infection in
hospitals, disinfection of instruments, etc. In 1999, the U.S.
Food and Drug Administration allowed it to be used for
cleaning agricultural and marine products. In 2002, the
Ministry of Health, Labor, and Welfare of Japan designated an
acidic aqueous solution containing HOCI as a food additive
[18]. In November 2007, it was approved as a safe disinfectant
as a food additive by the Korea Ministry of Food and Drug
Safety. It has been used as an environment-friendly disinfectant
in various fields, such as in food, medical care, the living
environment, and agriculture [19]. The principle of the HOCI
generating apparatus is to electrolyze tap water containing a
small amount of chloride ion (CI) in a non-diaphragm
electrolytic cell (CI'+H,0 — +2H+2e") to generate HOCI
(Figure 1).
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This free chlorine of HOCI forms protein-halogen complexes
with the protein enzymes of microorganisms, etc., and inhibits
the synthesis of the cell walls to kill microorganisms. Ozone
generates free oxygen and oxidizes the cell walls of
microorganisms, thereby  exhibiting the sterilization
mechanism [20].

This study aimed to investigate the effects on oral diseases of
the safe-for-humans and easy-to-use HOC] as an oral
mouthwash that can make up for the disadvantages of CHX,
which is currently widely used in dentistry, and to provide
basic data for its usability as an oral mouthwash.

Materials and Methods

Study subjects

This study was conducted on the patients who visited M Dental
Clinic in Busan, South Korea within the period from January to
August 2017. One dental hygienist with more than 10 years’
experience directly explained the purpose of the study, and 15
patients who did not have any systemic disease were included
in the survey, excluding the patients with incomplete data. The
patients were divided into three groups: five patients in the
saline gargling group (control group), five in the 0.005% CHX
(Bukwang Pharm Co., Ltd.) gargling group, and five in the
HOCI gargling group.

Measurement of oral environmental parameters

For all the groups, the halitosis test, O’Leary index
measurement, and Snyder test were performed as dental caries
activity tests in the same manner, and the bacterial amount and
motility were measured with a phase-contrast microscope.
Group X1 gargled with saline 15 ml, group X2 with 0.005%
CHX 15 ml, and group X3 with HOCI 15 ml, for 1 min. The
oral environment changes were measured after the patients spit
saliva for 1 min to remove the remaining gargling solution in
their mouths.

Halitosis

To measure the change in halitosis by gargling solution, a BB
Checker® (mBA-21, Plustech, South Korea) was used. For the
halitosis test, the subjects were prohibited from using fragrant
cosmetics within 24 h, and from ingesting garlic, onions, etc.
within 48 h. The expired gas was measured by making the
subjects breathe with their noses and then exhale for 15 s while
holding the mouthpiece in their mouths. At this time, a
measurement sensor and a mouthpiece were placed in each
subject’s oral cavity with an about 4-5 cm depth, the subject’s
teeth and lips were made to gently hold them; and the subject
was told to maintain such state for a while. After the
measurement, the value displayed on the liquid crystal display
was recorded.

O’Leary index

After coloring all the teeth of each subject with a disclosing
agent, the plaque control score (O’Leary index), in which 1
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point is given if dental plaque is found attached to the four
tooth surfaces (the mesial, distal, buccal, and lingual surfaces)
and 0 point is given if not, was used to calculate the degree of
dental plaque attachment in percentage [21].

Snyder test

The Snyder test was performed to measure the acid production
rate of oral bacteria in a colorimetric way. 0.2 ml saliva was
injected into a test tube containing a 5 ml medium (Difco™
Snyder Test Agar, BD, Franklin Lakes, NJ, USA) and was
incubated for 72 h, with the teeth color change observed every
24 h. Teeth color change to yellow after 24 h incubation was
determined to be indicative of high activity; that after 48 h
incubation was determined to be indicative of moderate
activity; that after 72 h incubation was determined to be
indicative of low activity; and that absence of color change
during the 72 h was determined to be indicative of inactivity.
For high activity, 3 points were given; for moderate activity, 2
points; for low activity, 1 point; and for inactivity, O point.

Phase-contrast microscope

To identify the microorganisms, a sterile probe was used to
collect the supragingival and subgingival dental plaque from
the lingual surfaces of the mandibular left and right posterior
teeth. They were then placed on a slide, and one drop of
normal saline was released on them. After mounting a slide
cover to prevent the formation of air bubbles, the movements
of the live microorganisms in the oral cavity were observed
through a monitor using a phase-contrast microscope
(DCS6002, Doctor Prevent Co., Seoul, South Korea) at 4300X
magnification.

Statistical analysis

Halitosis, O’Leary index, Snyder test, and amount of
quantified  bacteria  analysed through phase-contrast
microscopy using a program were statistically analysed
according to the parameters of oral environmental change of
each group, using IBM SPSS ver.21.0 (IBM Co., Armonk, NY,
USA). To test the significance of the differences among the
groups, one-way ANOVA and Tukey’s test as a post-hoc test
were performed.

Results

Halitosis

In all the three groups, the normal values were shown as 0-50
BBYV. There was no significant difference in halitosis between
the saline and CHX gargling groups, and the halitosis value
was found to be distinctly low in the HOCI gargling group
(Table 1) (p<0.05).

Comparison of O’Leary index

The O’Leary index was high in the saline gargling group, and
it was found to be lower in the HOCI gargling group than in
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the CHX gargling group. In the quantified results in Table 1,
significant differences were evident among the three groups,
and the most effective reduction was shown in the HOCI
gargling group (Figure 2) (Table 1) (p<0.05).

X1 X X3

Figure 2. Comparison of O’Leary index. X1: Oral care with 0.9%
saline solution (1 min/15 ml); X2: Oral care with 0.005% CHX (1
min/15 ml); X3: Oral care with slightly acidic HOCI water (1 min/15
ml).

Dental caries activity comparison with the Snyder test

In the dental caries activity comparison, significant differences
were found among the three groups (p<0.05). In the Snyder
test for the saline gargling group, the subjects’ teeth color
changed to yellow after 24 h incubation, indicating that it is a
high-risk group; the teeth color of the subjects in the CHX
gargling group changed to yellow after 48 h incubation,
showing moderate to low activity; and the teeth color of the
subjects in the HOCI gargling group did not show any color
change during 72 h incubation, showing inactivity, which is the
safest condition in terms of dental caries activity (Figure 3)
(Table 1).

Xy X X3
24h '
{
48h ‘
=
72h i

Figure 3. Comparison of the Snyder test results. X1: Oral care with
0.9% saline solution (1 min/15 ml); X2: Oral care with 0.005% CHX
(1 min/15 ml); X3: Oral care with slightly acidic HOCI water (1
min/15 mi).

Observation of oral bacteria via phase-contrast
microscopy

As a result of observing the bacterial activities of S. mutans,
Filamentous, and Spirochetas, significant differences were
found among the three groups (p<0.05). All the bacteria in the
saline gargling group showed active movement while the
movement was reduced in the CHX gargling group although
all the bacteria types still showed activity. In the HOCI
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gargling group, the movement of the bacteria was remarkably
reduced. In particular, there was a definite decrease in S.
mutans and a distinct decrease in Filamentous and Spirochetas,
the bacteria that cause periodontal diseases. There were distinct
decreases in bacteria activity, particularly in the Filamentous
activity, in the HOCI gargling group compared to the CHX
gargling group (Figure 4) (Table 1).

X1 Xa X3

Figure 4. Comparison of the observation results of the CHX and
slightly acidic HOCI water groups using a phase-contrast
microscope. X1: Oral care with 0.9% saline solution (1 min/15 ml);
X2: Oral care with 0.005% CHX (1 min/15 ml); X3: Oral care with
slightly acidic HOCI water (1 min/15 ml); °Cocci “Filamentous
O Spirochetas.

Table 1. Comparison of the oral disease parameters.

Experimental group Mean = SD P-
values
X1 X2 X3
Halitosis 25.40+3.052 26.60+2702 16.60+2.30° 0.000"

O’Leary index 93.60 £2.072 74.20+2.59® 51.20+1.92¢ 0.000"

Snyder test 3.00+£0.00° 1.20 +0.45P 0.20+£0.45°  0.000

Micro  Activity 97.60 +2.512 69.20 +3.56° 63.40+3.97¢ 0.000"

S. mutans 53.60 +3.212 43.60+2.70° 39.80%3.11° 0.000"

Filamentous 32.20 +2.282 28.80+2.77° 3.20+1.48° 0.041"

Spirochetas  10.60 + 3.65% 9.60 £2.30% 5.60+2.51°  0.000"

“The p-values are determined through one-way ANOVA and Tukey's tests
(p<0.05). X1: Oral care with 0.9% saline solution (1 min/15 ml); X2: Oral care
with 0.005% CHX (1 min/15 ml); X3: Oral care with slightly acidic HOCI water (1
min/15 ml).

Comparison of the oral disease parameters

There were significant differences among the three groups.
There was no significant difference between the saline and
CHX gargling groups but there was a significant decrease in
the HOCI gargling group. The O’Leary index, Snyder test,
bacterial motility, and Filamentous more effectively decreased
in the HOCI gargling group than in the CHX gargling group,
showing significant differences in all the parameters (Table 1)
(p<0.05).

Discussion

Oral hygiene products are used to manage dental plaque, which
is not removed only by tooth brushing. Since recently, the use
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of mouthwashes containing chemical ingredients with an
antimicrobial effect has been increasing [22]. The oral
mouthwash is useful for the oral care of infants, of those with
an orthodontic appliance, of handicapped persons with
difficulty in movement, or of elderly people because of its
antimicrobial effect in liquid form [23]. The effect of oral
mouthwash as an additional means to remove dental plaque has
been clinically proven, and the number of people using it has
been increasing [24]. Moreover, it has been reported that when
used for periodontal treatment or for maintenance after
periodontal treatment, it can increase the success rate of
periodontal treatment because it prevents the formation of
dental plaque [25]. Ferguson also mentioned that the use of
mouthwash is helpful for relieving dry mouth when applied to
patients with dry mouth [26].

CHX is currently the most commonly used antimicrobial
mouthwash in clinical practice, and its application frequency is
high because it exhibits both antimicrobial and antibiotic
effects [25]. CHX selectively acts on S. mutans, a major
causative organism of dental caries, causing early dental caries,
and is effective in controlling plaque [27]. Additionally, CHX
is effective for peri-implantitis as well as for tooth and
periodontal healing [28]. In like manner, oral mouthwashes
such as CHX, which contain antimicrobials, have been shown
to reduce halitosis [29] and have been reported to do this by
reducing the concentration of hydrogen sulfide in the volatile
sulfur compounds that induce halitosis [30]. The long-term use
of CHX, however, may cause tooth discoloration and may
degrade its taste [31]. Further, it is difficult for children to use
CHX as a mouthwash as it is very bitter, and it is also difficult
to use for a long time because teeth coloring and even gingiva
coloring are bound to appear [32]. In addition, a study reported
that CHX is less effective if other oral medicinal materials are
used at the same time, because it binds with cationic
components [33].

HOCI, which is recently emerging as a viable alternative
mouthwash, has been reported to have a higher antimicrobial
effect than the oral mouthwash brands being sold in South
Korea [34]. As an effective gas with sterilizing power, it exists
in the form of base gas, HOCI, CIO", etc., components known
to inhibit the growth of microorganisms [35]. HOCI has high
usability because it has high sterilizing power without being
harmful to the human body [36].

All the three groups in this study showed normal halitosis
values (0-50 BBV). There was no significant difference in
halitosis, however, between the saline and CHX gargling
groups, and in the HOCI gargling group, the halitosis value
was distinctly lower. Also, the O’Leary index, Snyder test,
bacterial motility, and Filamentous remarkably decreased in
the HOCI gargling group compared to the CHX gargling
group. It is believed that gargling with HOCI can maintain a
pleasant oral environment and can inhibit the progression of
oral diseases like dental caries and periodontal diseases.
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Conclusion

The gargling with slightly acidic hypochlorous acid (HOCI)
was found to be effective in the halitosis test, O’Leary index
measurement, and Snyder test, and especially, the phase-
contrast microscopy showed that Filamentous and Spirochetas,
the bacteria that cause periodontal diseases, decreased
remarkably. To prevent oral diseases, effective oral care can be
achieved by managing dental plaque, decreasing the dental
caries activity, and reducing the acid production ability of
bacteria. The use of HOCI as a mouthwash rather than CHX,
which is commonly used in dental practice but has side effects,
will contribute to the prevention of oral diseases and will
inhibit the adhesion of dental plaque to the teeth.
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