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ARTICLE INFO ABSTRACT

Keywords: Objective: Mouthwash is effective in maintaining oral hygiene in patients; however, there is concern that it may
Adjuvant adversely affect human oral mucosa. We evaluated a pH-neutral electrolyzed super-oxidized solution (ESS,
Antiseptic tradename OxOral®) combined with dental scaling in periodontitis patients. This longitudinal study was con-
Dental scaling and root planning d d with . divided i h h 1 d with scali 1 I h d
Mouthwash ucted with 34 patients divided into three groups. The control group treated with scaling plus saline, the secon

with scaling plus ESS mouthwash, and another with scaling plus ESS mouthwash and gel. The plaque index (PI),
gingival index (GI), and probing depth (PD) were determined before and after periodontal treatment.

Results: The final PI and GI decreased compared with the initial measurements in the three treatment groups (p <
0.05). Scaling plus ESS mouthwash and gel significantly reduced the final PI, GI, and DP compared to the control
group (p < 0.05).

Conclusion: Our study shows the antiseptic properties of ESS with mouthwash and gel. Further studies are needed

Periodontal treatment

to verify the results.

1. Introduction

Chronic periodontitis (CP) is an infectious bacterial disease that
causes inflammation of the periodontium, progressive attachment loss,
and bone destruction. It is characterized by the formation of periodontal
pockets and gingival recession [1]. CP is prevalent in adults at any age
and is usually associated with dental plaque and calculus. The progres-
sion of insertion loss usually occurs slowly, but periods of rapid pro-
gression can occur [2].

The goals of periodontal therapy (PT) are to stop disease progression
and suppress subgingival inflammation and bacteria growth to allow
periodontal tissue regeneration and preserve gingival health [3]. In this
regard, non-surgical treatment is based on eliminating and controlling
dental plaque and avoiding the detachment of the supra- and
sub-gingival plaque. It includes dental scaling, root planing, and anti-
microbial agents as adjuvants [4].

* Corresponding author.
** Corresponding author.

Non-surgical treatment can be combined with local and systemic
application or subgingival irrigation of various antimicrobial agents,
but these cannot replace dental scaling and root planing. Local anti-
microbial solutions and gels provide an alternative for eliminating
pathogenic microorganisms in areas where dental scaling and root
planing cannot reach [5]. Among the chemical agents, chlorhexidine
(CHX) has been frequently used because of its proven antimicrobial
effect, availability, low cost, safety, efficacy, and low toxicity [6, 7].
CHX reduces biofilm formation, alters adsorption and bacterial adhe-
sion to the tooth surface, and disrupts the bacterial wall by cell lysis [8,
9]. Subgingival CHX irrigation effectively reduces periodontal inflam-
mation and subgingival plaque and improves other clinical parameters
[10, 11, 12].

Sodium hypochlorite (NaOCD), cetylpyridinium chloride, tetracycline,
metronidazole, and azithromycin have also been reported as efficient
antimicrobials in periodontal treatment [13, 14].
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Novel oral antiseptics with antimicrobial activity have been devel-
oped based on an electrolyzed superoxidized solution (ESS). ESS is the
product of electrolysis. It is an electrochemically processed aqueous so-
lution created from pure water with sodium chloride. During electrolysis,
the molecules are dissociated, and chlorine and oxygen are formed. These
products destroy nucleic acids, proteins, and lipids [15, 16].

ESS has become a new alternative for tissue asepsis in dentistry,
surgery, dermatology, burns, and diabetic wounds [17, 18]. Studies have
described various ESS applications in dental surgery and the humidifi-
cation, irrigation, and disinfection of acute and chronic wounds. It
significantly reduces infections, bleeding time, and pain and accelerates
tissue regeneration [19, 20, 21].

Most chemical disinfectants can damage the skin or granulation tis-
sue. Topical antiseptics such as povidone-iodine, sodium hypochlorite,
and others cause cell damage. These effects interfere with wound healing
and can be cytotoxic or harmful to the underlying tissue or proximal skin.
Kapur and Marwaha [22] compared ESS (Oxum®) and povidone-iodine
(Betadine), in which systemic or local allergic manifestations were not
observed. Mild irritation and pain during topical application of betadine
were reported in burn patients with no evidence of toxicity in the liver
and kidney. The topical application of ESS was safe and effective in all
types of wounds. The healing using ESS was faster than with
povidone-iodine.

ESS has been used to treat inflammatory or infectious processes in the
oral cavity and maxillofacial surgery [23].

We evaluated the efficacy of an ESS (trade name Oxoral®, Ester-
ipharma, S.A. de C.V., Mexico City, Mexico) as adjuvant treatment for
dental scaling (DS) and root planing (RP) to reduce the plaque index (PI),
the gingival index (GI), and probing depth (PD) in patients with chronic
periodontitis. The aim was to determine if the ESS, called OxOral, was
safe and effective.

2. Method and materials
2.1. Study design

This study included 34 patients diagnosed with gingivitis with at least
four teeth having at least one probing depth of 5 mm and bleeding on
probing. The study patients were from the Health Services Clinic of the
San Nicolas de Los Garza module of the UANL School of Dentistry. The
patients signed informed consent to participate in this study. All were
between 18 to 65 years of age and had a minimum probing depth of> 4.

ESS (trade name Oxoral®, Esteripharma, S.A. de C.V., Mexico City,
Mexico) was applied as a gel based on an ESS with neutral pH and a
mouthwash solution with active chlorine and oxygen species at 0.0015%.
The patients were randomly divided into three groups: Group 1, the
control group, treated with scaling; Group 2, with scaling plus ESS
mouthwash; Group 3, with scaling plus ESS mouthwash and ESS gel
(Figure 1). All data were recorded in a database, and an institutional
ethics committee previously approved the study (SPSI-010613/00258).
The experiments were conducted according to the Declaration of Hel-
sinki, and all procedures were carried out with the patient's adequate
comprehension and informed consent.

2.2. Selection criteria

2.2.1. Inclusion

Patients aged 18-65 years with gingivitis, at least 20 teeth at the
beginning of the study, with a minimum probing depth >4 mm, and who
agreed to participate and signed the informed consent were included.

2.2.2. Exclusion

Patients afflicted with a severe, uncontrolled medical disorder, had
undergone scaling within the past six months, had taken antibiotics
within the past six months, did not complete the treatment scheme,
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34 Patients

Group 3
11 patients

Scaling + EES + EES
mouthwash

Group 1
12 patients
Scaling + saline

Group 2
11 patients
Scaling + EES mouthwash

Figure 1. Patient selection algorithm and patient groups according to treatment.

presented adverse effects to treatment, and had a motor disability that
prevented the correct application of the treatment were excluded.

2.3. Procedure

The PD, GI, and PI were obtained before, and after the periodontal
treatment based on scaling, according to Lindhe et al. [24] The same
examiner performed all subsequent examinations with a fixed peri-
odontal probe (PCP 12, Hu-Friedy, Chicago, IL, USA). After scaling, ESS
mouthwash (Group 2) and ESS mouthwash + ESS gel (Group 3) were
applied. The patient continued to apply the mouthwash and gel at home
2 to 3 times a day for 30 s for 7-14 days, depending on treatment
findings.

2.3.1. Probing depth (PD)

A single examiner assessed PD at baseline and immediately after
scaling. PD was defined as the distance from the gingival margin to the
base of the gingival crevice. The periodontal pocket was defined as a PD
> 3 mm. The mesial, distal, vestibular, and three corresponding lingual/
palatal faces of all teeth were measured, and the mean per sextant was
obtained [24, 25].

2.4. Gingival index (GI)

The Silness and Loe [26] gingival index was used to assess gingival
inflammation. The findings were classified as 0, no inflammation; 1, mild
inflammation - a slight color change, slight edema with no bleeding on
probing; 2, moderate inflammation — redness, edema, and glazing with
bleeding on probing; and 3, severe gingivitis — marked redness and
edema and ulceration with a tendency to spontaneous bleeding.

2.5. Plaque index (PI)

The PI defines the thickness of dental plaque. The findings were
classified as 0, absence of dental plaque; 1, a film of plaque adhering to
the free gingival margin, which cannot be seen with the naked eye but
only with a disclosing solution or probe; 2, moderate accumulation of
plaque seen with the naked eye within the gingival pocket, on the
gingival margin, and the adjacent tooth surface; and 3, a large amount of
plaque in the gingival pocket, and on the tooth and gingival margin [25,
27].

2.6. Statistical analysis

The statistical analysis was performed using the SPSS v22.0 statistical
program. Descriptive statistics were calculated. Values were given as
means =+ standard deviations (SD). A descriptive analysis of PD, GI, and
PI improvement was performed. The differences between the groups
were calculated using one-way ANOVA, Student's t-test, and the
nonparametric Wilcoxon test. Significance was set at a p-value <0.05.

3. Results

Thirty-four patients were enrolled, 14 men and 20 women aged 18 to
65, with a mean age of 32.1 + 13.5. The initial and final PI, GI, and DP of
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all treatment groups (Group 1, scaling plus saline; Group 2, scaling plus
ESS mouthwash; Group 3, scaling plus ESS mouthwash and gel) were
obtained (Table 1). A significant decrease (p < 0.05) in the final PI
compared with the initial PI was found in all treatment groups. A sig-
nificant reduction in the PI was observed in Group 3 (initial PI = 1.9 +
0.58 to final PI = 0.47 + 0.41) compared to Group 1 (final PI = 1.08 +
0.09), and Group 2 (final PI = 1.03 + 0.58) (Figure 2).

A significant (p < 0.05) reduction in the final GI compared with the
initial GI was observed for all treatments. The final GIs were 0.54 + 0.65,
0.45 + 0.22, and 0.33 £ 0.43 for Groups 1, 2, and 3, respectively. Group 3
presented the lowest final GI compared with the other treatment groups
(p < 0.05) (Figure 3).

The final PD was 2.27 + 0.61, 2.11 £ 0.57, and 1.62 + 0.29 for
Groups 1, 2, and 3, respectively. A significant reduction (p < 0.05) in the
final PD compared with the initial PD (2.34 + 0.56) was observed in
Group 3 (Figure 4).

4. Discussion

Different treatment modalities have been proposed for periodontal
disease; most emphasize the importance of combining scaling and cor-
recting PD. However, various modifications have been made to scaling
and PD treatment to achieve better clinical results and promote a
microbiota compatible with periodontal health [28, 29]. These modifi-
cations focus on achieving proper oral hygiene and have been docu-
mented as essential for success in periodontal treatment [30, 31, 32].
Therefore, periodic dental appointments have been recommended for
plaque removal [33, 34] or the use of different antiseptics in mouth-
washes based on chlorhexidine, sodium hypochlorite, fluorides, phenols,
bis-phenols, quaternary ammonium components, and super oxidized
mouthwash, all to avoid the accumulation of plaque in gingival areas [13,
35, 36].

ESS products are an excellent alternative to the different antiseptics
on the market since they have antimicrobial properties and are always
ready for use. They do not need to be diluted or prepared before appli-
cation. Above all, they do not damage host tissues [20, 37]. Kapur and
Marwaha emphasize this last point because they concluded that these
products reduce clinical signs of inflammation and promote the early
appearance of granulation and fibrin tissue to achieve healing. In addi-
tion, the healing process is less painful [22].

The purpose of this study was to investigate the clinical effect of
combining scaling with ESS products, such as mouthwash and topical gel,
in subjects with chronic periodontitis.

The three therapeutic modalities (scaling alone, scaling plus ESS
mouthwash, and scaling plus ESS mouthwash and gel) led to a significant
decrease in PI and GI four weeks after scaling. This finding agrees with
other studies demonstrating positive clinical results of scaling [24, 29].
Subjects who received combined therapy (scaling plus ESS mouthwash
and gel, scaling plus ESS mouthwash) had better clinical parameters than

Table 1. Comparison of initial and final measurements of the three treatment
groups.

Measures Group 1 Group 2 Group 3

Initial Final Initial Final Initial Final
Plaque 2.55 + 1.08 + 1.95 + 1.03 + 19+ 0.47 +
index 1.06 0.09 0.63 0.58 0.58 0.41
Gingival 14+ 0.54 + 1.19 + 0.45 + 1.11 + 0.33 +
index 0.42 0.65 0.36 0.22 0.48 0.43
Probing 2.85 + 2.27 + 29 + 211 + 2.34 + 1.62 +
depth 0.16 0.60 0.86 0.56 0.56 0.29

Group 1, the control group, treated with scaling; Group 2 with scaling plus
electrolyzed super-oxidized solution (ESS) mouthwash; Group 3 with scaling plus
ESS mouthwash and ESS gel.

Data are means =+ standard deviation.
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Figure 2. The plaque index (PI) in patients with chronic periodontitis before
and after dental scaling. Group 1, control group (saline); Group 2, electrolyzed
super-oxidized solution (ESS) mouthwash; Group 3 ESS mouthwash + ESS gel.
The data represent means and confidence intervals. Black bars in Group 1
represent error bars.

those who only underwent scaling [38]. These results occur thanks to the
disinfectant and its sterilizing and antiseptic effect, a finding corrobo-
rated in the work of Stein-Gemora [39], who observed a significant
improvement in PI, GI, and PD with ESS products in irrigation with ul-
trasound in addition to subgingival irrigation in cartridges with solution
and gel. However, the group with the most significant improvement was
scaling plus ESS rinse and gel. This finding may be due to the ability of
the gel to stay in contact for a longer time than mouthwash formulations
[40] and the possibility of more effective penetration in interproximal
areas, as stated by Pannuti et al. [41].

One of the limitations of this study was that the specific physiological
characteristics required for the study limited the number of patients.
Also, x-rays to define clinical evidence of periodontal destruction were
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Figure 3. The gingival index (GI) of patients with chronic periodontitis before
and after dental scaling. Group 1, control group (saline); Group 2, electrolyzed
super-oxidized solution (ESS) mouthwash; Group 3 ESS mouthwash + ESS gel.
The data represent the differences between medians. The data represent means
and confidence intervals. Black bars in Group 1 represent error bars. The
numbers, °16, °14, *6, are outliers.
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Figure 4. The probing depth (PD) in patients with chronic periodontitis before
and after dental scaling. Group 1, control group (saline); Group 2, electrolyzed
super-oxidized solution (ESS) mouthwash; Group 3 ESS mouthwash + ESS gel.
The data represent differences between medians. The data represent means and
confidence intervals. Black bars in Group 1 represent error bars. The numbers,
°14, *14, are outliers.

not performed because the aim was to determine the clinical efficacy of
the ESS.

As seen in this study, we highlight the clinical benefits that ESS
products offer during scaling treatment in subjects with CP. However,
clinical studies with chlorhexidine-based mouthwash and gel as a posi-
tive control for 3-6 months are needed to verify ESS efficacy.

5. Conclusion

A reduction in the final PI and PD was observed compared to the
initial PI in all three groups. Patients treated with scaling plus ESS
mouthwash and gel had the lowest final PI. Our study preliminarily
shows the antimicrobial properties of ESS (OxOral®) and its ability to
promote hygienic conditions in the oral cavity. This finding will allow
further studies.

Declarations
Author contribution statement

Cynthia Carolina Gonzalez-Cantt: Conceived and designed the ex-
periments; Performed the experiments; Analyzed and interpreted the
data.

Angel Torres; Gustavo Adolfo Sanchez-Garcia: Analyzed and inter-
preted the data; Contributed reagents, materials, analysis tools or data.

Victor Hugo Urrutia-Baca: Analyzed and interpreted the data; Wrote
the paper.

Myriam Angélica De La Garza-Ramos: Conceived and designed the
experiments; Analyzed and interpreted the data; Wrote the paper.

Funding statement

Dr. Myriam Angélica De La Garza-Ramos was supported by CONACYT
[251475].

Data availability statement

Data will be made available on request.

Heliyon 8 (2022) e12291

Declaration of interest’s statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.

References

[1] D.F. Kinane, G.J. Marshall, Periodontal manifestations of systemic disease, Aust.
Dent. J. 46 (2001) 2-12.

[2] W. Kye, R. Davidson, J. Martin, S. Engebretson, Current status of periodontal risk
assessment, J. Evid. Base Dent. Pract. 12 (2012) 2-11.

[3] G. Greenstein, Periodontal response to mechanical non-surgical therapy: a review,
J. Periodontol. 63 (1992) 118-130.

[4] D.E. Deas, A.J. Moritz, R.S. Sagun, S.F. Gruwell, C.A. Powell, Scaling and root
planing vs. conservative surgery in the treatment of chronic periodontitis,
Periodontol 71 (2000 2016) 128-139.

[5] N. Claffey, I. Polyzois, P. Ziaka, An overview of nonsurgical and surgical therapy,
Periodontol 36 (2000 2004) 35-44.

[6] A. Shahab, F. Haghighati, M. Baeeri, H. Jamalifar, M. Abdollahi, A clinical,
microbiological and immunological comparison between subgingival irrigation
with Dentol™ and chlorhexidine in advanced periodontitis, Arch. Med. Sci. 1 (2011)
154-160.

[7] M. Krishna, G. Vivekanandan, R. Thiagarajan, S. Ravindran, A. Navasivayam,

R. Mohan, Effects of a single episode of subgingival irrigation with tetracycline HCI
or chlorhexidine: a clinical and microbiological study, J. Indian Soc. Periodontol. 15
(2011) 245-249.

[8] G. Greenstein, C. Berman, R. Jaffin, Chlorhexidine: an adjunct to periodontal
therapy, J. Periodontol. 57 (1986) 370-377.

[9] C.A. Giirgan, E. Zaim, I. Bakirsoy, E. Soykan, Short-Term side effects of 0.2%
alcohol-free chlorhexidine mouthrinse used as an adjunct to non-surgical
periodontal treatment: a double-blind clinical study, J. Periodontol. 77 (2006)
370-384.

[10] P.E. Lander, G.M. Newcomb, G.J. Seymour, R.N. Powell, The antimicrobial and
clinical effects of a single subgingival irrigation of chlorhexidine in advanced
periodontal lesions, J. Clin. Periodontol. 13 (1986) 74-80.

[11] S. Nagarakanti, Effectiveness of subgingival irrigation as an adjunct to scaling and
root planing in the treatment of chronic periodontitis: a systematic review, J. Clin.
Diagn. Res. 9 (2015) 6-9.

[12] A.M. Asari, H.N. Newman, M. Wilson, J.S. Bulman, 0.1%/0.2% commercial
chlorhexidine solutions as subgingival irrigants in chronic periodontitis, J. Clin.
Periodontol. 23 (1996) 320-325.

[13] J. Slots, Selection of antimicrobial agents in periodontal therapy, J. Periodontal.
Res. 37 (2002) 389-398.

[14] A. Kamagate, D. Kone, N.T. Coulibaly, A. Ahnoux, Subgingival irrigation combined
with scaling and root planing. Results of a study with chlorhexidine and sodium
hypochlorite, Odonto-Stomatol. Trop. 28 (2005) 28-32.

[15] D.G. Lucio-Sauceda, V.H. Urrutia-Baca, R. Gomez-Flores, D. La Garza-Ramos,

M. Angélica, P. Tamez-Guerra, A. Orozco-Flores, Antimicrobial and anti-biofilm
effect of an electrolyzed superoxidized solution at neutral-pH against Helicobacter
pylori, BioMed Res. Int. 2019 (2019), 6154867.

[16] H.A. Jimenez-Gonzalez, M.A. Nakagoshi-Cepeda, S.E. Nakagoshi-Cepeda,

V.H. Urrutia-Baca, D. La Garza-Ramos, M. Angélica, J.M. Solis-Soto, R. Gomez-
Flores, P. Tamez-Guerra, Antimicrobial effect of calcium hydroxide combined with
electrolyzed superoxidized solution at neutral pH on Enterococcus faecalis growth,
BioMed Res. Int. 2021 (2021), 6960143.

[17] 1.-W. Cho, T.-K. Nam, D.-H. Baek, Investigation of efficacy of new electrolyzed water
generator for oral bacteria, Int. J. Clin. Prev. Dent 13 (2017) 5-10.

[18] S.H. Lee, B.K. Choi, Antibacterial effect of electrolyzed water on oral bacteria,

J. Microbiol. 44 (2006) 417-422.

[19] A. Piaggesi, C. Goretti, S. Mazzurco, et al., A randomized controlled trial to examine
the efficacy and safety of a new super-oxidized solution for the management of wide
postsurgical lesions of the diabetic foot, Int. J. Low. Extrem. Wounds 9 (2010)
10-15.

[20] N. Yahagi, M. Kono, M. Kitahara, et al., Effect of electrolyzed water on wound
healing, Artif. Organs 24 (2008) 984-987.

[21] H.S. You, A. Fadriquela, M.E.J. Sajo, et al., Wound healing effect of slightly acidic
electrolyzed water on cutaneous wounds in hairless mice via immune-redox
modulation, Biol. Pharm. Bull. 40 (2017) 1423-1431.

[22] V. Kapur, A.K. Marwaha, Evaluation of effect and comparison of superoxidised
solution (oxum) vs povidone iodine (betadine), Indian J. Surg. 73 (2010) 48-53.

[23] C. Landa-Solis, D. Gonzalez-Espinosa, B. Guzméan-Soriano, et al., Microcyntm: a
novel super-oxidized water with neutral pH and disinfectant activity, J. Hosp.
Infect. 61 (2005) 291-299.

[24] J. Lindhe, N. Lang, T. Karring, Clinical Periodontology and Implant Dentistry,
Wiley-Blackwell, Oxford, 2008.

[25] L.A. Sweeting, K. Davis, C.M. Cobb, Periodontal Treatment Protocol (PTP) for the
general dental practice, J. Dent. Hyg. 82 (Suppl 3) (2008) 16-26.

[26] J. Silness, H. Loe, Periodontal disease in pregnancy II. Correlation between oral
hygiene and periodontal condition, Acta Odontol. Scand. 22 (2009) 121-135.


http://refhub.elsevier.com/S2405-8440(22)03579-4/sref1
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref1
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref1
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref5
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref5
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref5
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref21
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref21
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref21
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref21
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref22
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref22
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref22
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref26

C.C. Gonzalez-Cantil et al.

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

E. Theilade, W.H. Wright, S.B. Jensen, H. Loe, Experimental gingivitis in man,

J. Periodontal. Res. 1 (1966) 1-13.

A.D. Haffajee, M.A. Cugini, S. Dibart, C. Smith, R.L. Kent, S.S. Socransky, The effect
of SRP on the clinical and microbiological parameters of periodontal diseases,

J. Clin. Periodontol. 24 (1997) 324-334.

E.C. Morrison, S.P. Ramfjord, R.W. Hill, Short-term effects of initial, nonsurgical
periodontal treatment (hygienic phase), J. Clin. Periodontol. 7 (1980) 199-211.
J. Lindhe, S. Nyman, The effect of plaque control and surgical pocket elimination on
the establishment and maintenance of periodontal health. A longitudinal study of
periodontal therapy in cases of advanced disease, J. Clin. Periodontol. 2 (1975)
67-79.

S. Nyman, J. Lindhe, B. Rosling, Periodontal surgery in plaque-infected dentitions,
J. Clin. Periodontol. 4 (1977) 240-249.

S. Nyman, B. Rosling, J. Lindhe, Effect of professional tooth cleaning on healing
after periodontal surgery, J. Clin. Periodontol. 2 (1975) 80-86.

L.H. Carvalho, G.B. D'Avila, A. Leao, A.D. Haffajee, S.S. Socransky, M. Feres, Scaling
and root planing, systemic metronidazole and professional plaque removal in the
treatment of chronic periodontitis in a Brazilian population. I. Clinical results,

J. Clin. Periodontol. 31 (2004) 1070-1076.

A.D. Haffajee, E.I. Arguello, L.A. Ximenez-Fyvie, S.S. Socransky, Controlling the
plaque biofilm, Int. Dent. J. 53 (2003) 191-199.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Heliyon 8 (2022) e12291

R. Vijayalakshmi, Emmadi P. Flemingson, N. Ambalavanan, T. Ramakrishnan,
Effect of three commercial mouth rinses on cultured human gingival fibroblast: an
in vitro study, Indian J. Dent. Res. 19 (2008) 29-35.

J. Ainamo, Control of plaque by chemical agents, J. Clin. Periodontol. 4 (1977)
23-35.

S. Sekiya, K. Ohmori, K. Harii, Treatment of infectious skin defects or ulcers
with electrolyzed strong acid aqueous solution, Artif. Organs 21 (2008)
32-38.

A.P.V. Colombo, R.P. Teles, M.C. Torres, et al., Effects of non-surgical mechanical
therapy on the subgingival microbiota of Brazilians with untreated chronic
periodontitis: 9-month results, J. Periodontol. 76 (2005) 778-784.

E. Stein-Gemora, Effectiveness of supra and subgingival irrigation with an
electrolyzed solution of superoxidation with neutral pH, Odontol. Actual 8 (2012)
50-54.

P.J.M. Oosterwaal, F.H.M. Mikx, M.A. Hof, H.H. Renggli, Comparison of the
antimicrobial effect of the application of chlorhexidine gel, amine fluoride gel and
stannous fluoride gel in debrided periodontal pockets, J. Clin. Periodontol. 18
(1991) 245-251.

C.M. Pannuti, M.C. Saraiva, A. Ferraro, D. Falsi, S. Cai, R.F.M. Lotufo, Efficacy of a
0.5% chlorhexidine gel on the control of gingivitis in Brazilian mentally
handicapped patients, J. Clin. Periodontol. 30 (2003) 573-576.


http://refhub.elsevier.com/S2405-8440(22)03579-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref32
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref32
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref32
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref36
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref36
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref36
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref38
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref38
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref38
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref38
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref39
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref39
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref39
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref39
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref41
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref41
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref41
http://refhub.elsevier.com/S2405-8440(22)03579-4/sref41

	Antibacterial efficacy of a pH-neutral electrolyzed super-oxidized solution for nonsurgical periodontal treatment
	1. Introduction
	2. Method and materials
	2.1. Study design
	2.2. Selection criteria
	2.2.1. Inclusion
	2.2.2. Exclusion

	2.3. Procedure
	2.3.1. Probing depth (PD)

	2.4. Gingival index (GI)
	2.5. Plaque index (PI)
	2.6. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest’s statement
	Additional information

	References


