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Effectiveness	of	Hypochlorous	Acid	 to	Reduce	 the	Biofilms	on	Titanium	Alloy	Surfaces	 in	

Vitro	

https://www.mdpi.com/1422-0067/17/7/1161 

Abstract:	 Chemotherapeutic	 agents	 have	 been	 used	 as	 an	 adjunct	 to	 mechanical	
debridement	 for	 peri-implantitis	 treatment.	 The	 present	 in	 vitro	 study	 evaluated	 and	
compared	the	effectiveness	of	hypochlorous	acid	(HOCl),	sodium	hypochlorite	(NaOCl),	and	
chlorhexidine	(CHX)	at	eliminating	Gram-negative	(E.	coli	and	P.	gingivalis)	and	Gram-positive	
(E.	faecalis	and	S.	sanguinis)	bacteria.	The	effect	of	irrigating	volume	and	exposure	time	on	
the	antimicrobial	efficacy	of	HOCl	was	evaluated,	and	a	durability	analysis	was	completed.	
Live/dead	staining,	morphology	observation,	alamarBlue	assay,	and	lipopolysaccharide	(LPS)	
detection	were	examined	on	grit-blasted	and	biofilm-contaminated	titanium	alloy	discs	after	
treatment	 with	 the	 three	 chemotherapeutic	 agents.	 The	 results	 indicated	 that	 HOCl	
exhibited	 better	 antibacterial	 efficacy	 with	 increasing	 irrigating	 volumes.	 HOCl	 achieved	
greater	antibacterial	efficacy	as	 treatment	 time	was	 increased.	A	decrease	 in	antimicrobial	
effectiveness	was	observed	when	HOCl	was	unsealed	and	left	in	contact	with	the	air.	All	the	
irrigants	 showed	 antibacterial	 activity	 and	 killed	 the	majority	 of	 bacteria	 on	 the	 titanium	
alloy	 surfaces	 of	 biofilm-contaminated	 implants.	Moreover,	 HOCl	 significantly	 lowered	 the	



LPS	 concentration	 of	 P.	 gingivalis	 when	 compared	 with	 NaOCl	 and	 CHX.	 Thus,	 a	 HOCl	
antiseptic	may	be	effective	for	cleaning	biofilm-contaminated	implant	surfaces.	

	

Bactericidal	 Effect	 of	 Strong	 Acid	 Electrolyzed	Water	 against	 Flow	 Enterococcus	 faecalis	

Biofilms	

https://www.jendodon.com/article/S0099-2399(16)30159-5/abstract	

Conclusions:	 SAEW	had	 an	 effective	 bactericidal	 effect	 against	 both	 the	 flow	 and	 static	 E.	
faecalis	 biofilms,	 and	 it	might	 be	 qualified	 as	 a	 root	 canal	 irrigant	 for	 effective	 root	 canal	
disinfection.	

Antimicrobial	 efficacy	 of	 4.2%	 sodium	 hypochlorite	 adjusted	 to	 pH	 12,	 7.5,	 and	 6.5	 in	

infected	human	root	canals	

https://www.researchgate.net/publication/23651941 

Abstract:	The	purpose	of	 this	 study	was	 to	determine	 the	antimicrobial	efficacy	of	 sodium	
hypochlorite	adjusted	to	pH	12,	7.5,	and	6.5	in	human	root	canals	infected	by	Enterococcus	
faecalis.	One	 hundred	 sixty-five	 human	 single-rooted	 teeth	were	 prepared	 and	 inoculated	
with	 E.	 faecalis	 for	 48	 h.	 Teeth	were	 divided	 into	 3	 experimental	 groups	 according	 to	 the	
irrigation	pattern	used:	group	1,	4.2%	NaOCl	pH	12;	group	2,	4.2%	NaOCl	pH	7.5;	and	group	
3,	4.2%	NaOCl	pH	6.5.	 Samples	 from	 the	 root	 canals	were	 collected,	and	bacterial	 growth	
was	analyzed	by	turbidity	of	the	culture	medium.	None	of	the	irrigating	solutions	used	in	this	
study	demonstrated	100%	effectiveness	against	E.	faecalis.	The	antibacterial	effectiveness	of	
4.2%	NaOCl	at	pH	6.5	was	significantly	increased	(P	=	.03)	compared	with	4.2%	NaOCl	at	pH	
12	 (chi-squared	 test:	P	<	 .05).	Bactericidal	 activity	of	NaOCl	 solution	 is	 enhanced	by	weak	
acidification	of	4.2%	NaOCl	solution	at	pH	6.5.	

	

Antibacterial	Effect	of	Electrolyzed	Water	on	Oral	Bacteria	

http://www.vandensjonizatoriai.lt/wp-content/uploads/2017/06/Antibacterial-Effect-of-
Electrolyzed-Water-on-Oral-Bacteria-1.pdf	

Abstract:	 This	 study	 investigated	 the	 antibacterial	 effect	 of	 electrolyzed	 water	 on	 oral	
bacteria	 both	 in	 vitro	 and	 in	 vivo.	 Tap	 water	 was	 electrolyzed	 in	 a	 water	 vessel	 using	
platinum	cell	 technology.	The	electrolyzed	tap	water	(called	Puri-water)	was	put	 in	contact	
with	five	major	periodontopathogens	or	toothbrushes	contaminated	with	these	bacteria	for	
30	sec.	 In	addition,	Puri-water	was	used	as	a	mouthwash	for	30	sec	in	16	subjects	and	the	
antibacterial	effect	on	salivary	bacteria	was	evaluated.	Puri-water	significantly	reduced	the	
growth	of	all	periodontopathogens	in	culture	and	on	toothbrushes,	and	that	of	aerobic	and	



anaerobic	bacteria	 in	saliva,	when	compared	to	the	effect	of	tap	water.	 It	also	significantly	
reduced	 mutans	 streptococci	 growing	 on	 mitis	 salivarius-bacitracin	 agar.	 Our	 results	
demonstrate	that	the	electrolyzed	tap	water	is	effective	as	a	mouthwash	and	for	toothbrush	
disinfection.	

Durability	of	bactericidal	activity	in	electrolyzed	neutral	water	by	storage	

https://www.jstage.jst.go.jp/article/dmj1982/21/2/21_2_93/_pdf	

Abstract:	Electrolyzed	strong	and	weak	acid	waters	have	been	widely	used	for	sterilization	in	
clinical	dentistry	because	of	their	excellent	bactericidal	activities.	Electrolyzed	neutral	water	
was	recently	developed	with	a	new	concept	of	long-term	good	durability	in	addition	to	the	
excellent	bactericidal	activity	similar	to	acid	waters.	The	present	study,	evaluated	the	storage	
life	of	 this	water	compared	with	 the	acid	waters	 in	 terms	of	 the	changes	 in	pH,	oxidation-
reduction	 potential	 (ORP),	 residual	 chlorine	 and	 bactericidal	 activity	 under	 several	
conditions	 using	 Staphylococcus	 aureus	 209P.	 The	 strong	 acid	 water	 showed	 a	 rapid	
deterioration	of	its	bactericidal	activity.	The	weak	acid	and	neutral	waters	exhibited	excellent	
durability.	Although	all	 the	bacteria	were	annihilated	by	 the	 contact	with	 the	waters	even	
stored	 for	40	days	 in	 the	uncapped	bottle,	 the	neutral	water	was	superior	 in	 further	 long-
term	duration.	

	

Bactericidal	 effect	 of	 electrolyzed	 neutral	 water	 on	 bacteria	 isolated	 from	 infected	 root	

canals	

https://www.sciencedirect.com/science/article/pii/S1079210499703008	

Conclusions:	 The	 results	 indicate	 that	 electrolyzed	 neutral	 water	maintains	 a	 constant	 pH	
and	oxidation-reduction	potential	when	kept	in	a	closed	container	without	light	and	that	it	
exhibits	 a	 bacteriostatic/bactericidal	 action	 against	 isolates	 obtained	 from	 infected	 root	
canals.	

	

	

	

	

	

	

	



	

The	Immediate	and	Delayed	Post-Debridement	Effects	on	Tissue	Bacterial	Wound	Counts	

of	Hypochlorous	Acid	Versus	Saline	Irrigation	in	Chronic	Wounds	

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5259692/	

Conclusions:	 Hypochlorous	 acid	 irrigation	 with	 ultrasound	 debridement	 reduced	 bacterial	
growth	 in	 chronic	 open	 wounds	 more	 efficiently	 than	 saline	 alone.	 Postoperative	 wound	
closure	 outcomes	 suggest	 a	 remarkable	 reduction	 in	 wound	 complications	 after	 wound	
debridement	using	hypochlorous	acid	irrigation	with	ultrasound	versus	saline	alone.	

	

Suitability	 of	 electrolyzed	 oxidizing	 water	 for	 the	 disinfection	 of	 hard	 surfaces	 and	

equipment	in	radiology	

https://www.springer.com/journal/40201	

Abstract:	Hospitals	are	faced	with	increasingly	resistant	strains	of	micro-organisms.	When	it	
comes	to	disinfection,	individual	parts	of	electronic	equipment	of	angiology	diagnostics	such	
as	 patient	 couches	 of	 computer	 tomography	 (CT)	 and	magnetic	 resonance	 imaging	 (MRI)	
scanners	prove	to	be	very	hard	to	disinfect.	Disinfectants	of	choice	are	therefore	expected	to	
possess	 properties	 such	 as	 rapid,	 residue-free	 action	without	 any	 damaging	 effect	 on	 the	
sensitive	electronic	equipment.	

	



An	 investigation	 into	 the	 in-vitro	 effectiveness	 of	 electrolyzed	 water	 against	 various	

microorganisms	

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4565347/	

Abstract:	The	aim	of	this	study	was	to	investigate	the	in-vitro	antimicrobial	activity	of	usage	
and	 normal	 concentrations	 of	 electrolyzed	 water	 in	 hospital.	 In	 our	 study,	 the	 effects	 of	
different	 concentrations	 of	 electrolyzed	water	 named	 Envirolyte®	 (Industries	 International	
Ltd.,	Estonia)	on	two	gram	positive,	four	gram	negative	standard	strains	and	clinical	isolates	
of	 four	 gram	 negative,	 two	 gram	 positive,	 one	 spore-forming	 bacillus	 and	 Myroides	 spp	
strains	 that	 lead	 to	 hospital	 infections	 were	 researched.	 The	 effects	 of	 different	
concentrations	and	different	contact	times	of	Envirolyte®	electrolyzed	water	on	cited	strains	
were	 researched	 through	method	 of	 qualitative	 suspension	 tests.	 Petri	 dishes	 fo	 bacteria	
have	 been	 incubated	 at	 37°C	 48	 hours.	 Bactericidal	 disinfectant	 was	 interpreted	 to	 be	
effective	at	the	end	of	the	period	due	to	the	lack	of	growth.	Solutions	to	which	disinfectant	
were	 not	 added	 were	 prepared	 with	 an	 eye	 to	 control	 reproduction	 and	 controlcultures	
were	made	by	 using	 neutralizing	 agents.	 1/1,	 1/2,	 and	 1/10	 concentrations	 of	 Envirolyte®	
electrolyzed	water	were	found	to	be	effective	on	the	bacteria	that	lead	to	hospital	infections	
used	 during	 all	 test	 times.	 As	 a	 conclusion,	 based	 upon	 the	 results	 we	 acquired,	 it	 was	
observed	that	Envirolyte®	electrolyzed	water	of	100%	concentration	would	be	convenient	to	
be	used	for	disinfection	when	diluted	to	a	usage	concentration	of	1/10.	

	

Evaluating	use	of	neutral	electrolyzed	water	for	cleaning	near-patient	surfaces	

https://strathprints.strath.ac.uk/50504/1/Stewart_etal_ICHE2014_Evaluating_use_of_neutr
ne_electrolysed_water_for_cleaning.pdf	

Conclusions:	 Cleaning	with	 electrolysed	water	 reduced	ACC	 and	 staphylococci	 on	 surfaces	
beside	patients.	ACC	remained	below	pre-clean	 levels	at	48	hours	but	MSSA/MRSA	counts	
exceeded	 original	 levels	 at	 24	 hours	 after	 cleaning.	 While	 disinfectant	 cleaning	 quickly	
reduces	 bioburden,	 further	 investigation	 is	 required	 to	 clarify	 the	 reasons	 for	 rebound	
contamination	of	pathogens	at	near-patient	sites.	

	

	

	

	

	



Electrochemically	activated	solutions:	evidence	for	antimicrobial	efficacy	and	applications	

in	healthcare	environments	

https://link.springer.com/article/10.1007/s10096-011-1369-9	

Abstract:	Due	to	the	limitations	associated	with	the	use	of	existing	biocidal	agents,	there	is	a	
need	to	explore	new	methods	of	disinfection	to	help	maintain	effective	bioburden	control,	
especially	 within	 the	 healthcare	 environment.	 The	 transformation	 of	 low	 mineral	 salt	
solutions	into	an	activated	metastable	state,	by	electrochemical	unipolar	action,	produces	a	
solution	containing	a	variety	of	oxidants,	including	hypochlorous	acid,	free	chlorine	and	free	
radicals,	 known	 to	 possess	 antimicrobial	 properties.	 Electrochemically	 activated	 solutions	
(ECAS)	 have	 been	 shown	 to	 have	 broad-spectrum	 antimicrobial	 activity,	 and	 have	 the	
potential	 to	 be	 widely	 adopted	 within	 the	 healthcare	 environment	 due	 to	 low-cost	 raw	
material	requirements	and	ease	of	production	(either	remotely	or	in	situ).	Numerous	studies	
have	found	ECAS	to	be	highly	efficacious,	as	both	a	novel	environmental	decontaminant	and	
a	 topical	 treatment	 agent	 (with	 low	 accompanying	 toxicity),	 but	 they	 are	 still	 not	 in	
widespread	 use,	 particularly	 within	 the	 healthcare	 environment.	 This	 review	 provides	 an	
overview	 of	 the	 scientific	 evidence	 for	 the	 mode	 of	 action,	 antimicrobial	 spectrum	 and	
potential	healthcare-related	applications	of	ECAS,	providing	an	 insight	 into	these	novel	yet	
seldom	utilised	biocides.	

	

Effect	of	Disinfection	by	Acidic	Electrolyzed	Oxidizing	Water	on	Medical	Instrument	[J]	

http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZHYY200904031.htm	

Conclusions:	 The	 acidic	 electrolyzed	 oxidizing	 water	 can	 be	 used	 in	 medical	 instrument's	
disinfection.	 The	 effect	 is	 good,	 and	 the	 process	 is	 fast.	 EOW	 is	 better	 than	 chlorinated	
disinfectant	in	saving	of	resources	economizing.	

	

	

	

	

	

	

	



	

Evaluation	of	 liquid-and	 fog-based	 application	of	 Sterilox	 hypochlorous	 acid	 solution	 for	

surface	inactivation	of	human	norovirus	

https://aem.asm.org/content/73/14/4463	

Abstract:	Therefore,	the	objectives	of	this	study	were	to	determine	the	effectiveness	of	HAS	
against	NV	in	aqueous	suspension	and	dried	onto	porous	and	nonporous	hard	surfaces	using	
a	 human	 NV	 isolate	 and	 two	 surrogate	 organisms,	 a	 murine	 NV	 and	 coliphage	 MS2.	 A	
method	of	environmentally	decontaminating	large,	confined	spaces	carrying	NV	by	using	an	
HOCl	fogging	system	was	also	evaluated.	

	

The	 Bactericidal	 Effects	 of	 Electrolyzed	 Oxidizing	Water	 on	 Bacterial	 Strains	 Involved	 in	

Hospital	Infections	

http://smartewater.com/pdf/The%20Bactericidal%20Effects%20of%20Electrolyzed%20Oxidi
zing%20Water.pdf	

Abstract:	 The	 study	 is	designed	 to	 investigate	bactericidal	 actions	of	 electrolyzed	oxidizing	
water	on	hospital	infections.	Ten	of	the	most	common	opportunistic	pathogens	are	used	for	
this	study.	Cultures	are	inoculated	in	4.5	mL	of	electrolyzed	oxidizing	(EO)	water	or	4.5	mL	of	
sterile	deionized	water	(control),	and	incubated	for	0,	0.5,	and	5	min	at	room	temperature.	
At	the	exposure	time	of	30	s	the	EO	water	completely	inactivates	all	of	the	bacterial	strains,	



with	the	exception	of	vegetative	cells	and	spores	of	bacilli	which	need	5	min	to	be	killed.	The	
results	 indicate	 that	 electrolyzed	 oxidizing	water	may	 be	 a	 useful	 disinfectant	 for	 hospital	
infections,	but	its	clinical	application	has	still	to	be	evaluated	

	

	

Effectiveness	 of	 hypochlorous	 acid	 to	 reduce	 the	 biofilms	 on	 titanium	 alloy	 surfaces	 in	

vitro	

https://www.mdpi.com/1422-0067/17/7/1161	

Abstract:	 Chemotherapeutic	 agents	 have	 been	 used	 as	 an	 adjunct	 to	 mechanical	
debridement	 for	 peri-implantitis	 treatment.	 The	 present	 in	 vitro	 study	 evaluated	 and	
compared	the	effectiveness	of	hypochlorous	acid	(HOCl),	sodium	hypochlorite	(NaOCl),	and	
chlorhexidine	(CHX)	at	eliminating	Gram-negative	(E.	coli	and	P.	gingivalis)	and	Gram-positive	
(E.	faecalis	and	S.	sanguinis)	bacteria.	The	effect	of	irrigating	volume	and	exposure	time	on	
the	antimicrobial	efficacy	of	HOCl	was	evaluated,	and	a	durability	analysis	was	completed.	
Live/dead	staining,	morphology	observation,	alamarBlue	assay,	and	lipopolysaccharide	(LPS)	
detection	were	examined	on	grit-blasted	and	biofilm-contaminated	titanium	alloy	discs	after	
treatment	 with	 the	 three	 chemotherapeutic	 agents.	 The	 results	 indicated	 that	 HOCl	
exhibited	 better	 antibacterial	 efficacy	 with	 increasing	 irrigating	 volumes.	 HOCl	 achieved	
greater	antibacterial	efficacy	as	 treatment	 time	was	 increased.	A	decrease	 in	antimicrobial	
effectiveness	was	observed	when	HOCl	was	unsealed	and	left	in	contact	with	the	air.	All	the	
irrigants	 showed	 antibacterial	 activity	 and	 killed	 the	majority	 of	 bacteria	 on	 the	 titanium	



alloy	 surfaces	 of	 biofilm-contaminated	 implants.	Moreover,	 HOCl	 significantly	 lowered	 the	
LPS	 concentration	 of	 P.	 gingivalis	 when	 compared	 with	 NaOCl	 and	 CHX.	 Thus,	 a	 HOCl	
antiseptic	may	be	effective	for	cleaning	biofilm-contaminated	implant	surfaces.	

	

Efficacy	of	acidic	and	basic	electrolyzed	water	in	eradicating	Staphylococcus	aureus	biofilm	

https://www.nrcresearchpress.com/doi/abs/10.1139/w2012-005#.Xp	

Abstract:	Staphylococcus	aureus	is	a	major	pathogen.	It	can	form	biofilm	on	the	surfaces	of	
medical	devices	and	food	equipment,	which	makes	it	more	difficult	to	eradicate.	To	develop	
a	novel	method	to	eradicate	S.	aureus	biofilm,	the	effects	of	electrolyzed	water	on	removing	
and	killing	S.	aureus	biofilm	were	investigated	in	this	study.	By	using	a	biofilm	biomass	assay	
with	 safranin	 staining	 and	 visualization	 of	 biofilm	 architecture	 with	 scanning	 electron	
microscopy,	 it	 was	 shown	 that	 basic	 electrolyzed	 water	 (BEW)	 could	 effectively	 remove	
established	biofilm.	The	pH	of	electrolyzed	water	affected	removal	efficacy.	Using	a	biofilm	
viability	 assay	 with	 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium	 bromide	 staining,	
acidic	electrolyzed	water	 (AEW)	efficiently	killed	biofilm-imbedded	S.	aureus.	The	available	
chlorine	in	AEW	may	be	a	main	contributing	factor	for	bactericidal	activity.	Additionally,	BEW	
had	 a	 removal	 efficacy	 for	 S.	 aureus	 biofilm	 equivalent	 to	 2%	 NaOH,	 and	 AEW	 had	 a	
bactericidal	 capability	 for	 S.	 aureus	 in	biofilm	equivalent	 to	2%	HCl.	 These	data	 suggested	
that	AEW	and	BEW	could	be	applied	as	a	bactericide	and	 removing	agent	 for	S.	aureus	 in	
biofilm,	respectively.	

	

	

	



	

Study	 1	 -	 Evaluation	 of	 Virucidal	 Efficacy	 on	 Surface	 by	 EcoloxTech	 Hypochlorous	 Acid	

Solution	(pH	8)	against	Murine	Norovirus	(Surrogate	for	Human	Norovirus)	

https://www.ecoloxtech.com/pdf/nvstudy1.pdf	

	

Study	 2	 -	 Evaluation	 of	 Virucidal	 Efficacy	 on	 Surface	 by	 EcoloxTech	 Hypochlorous	 Acid	

Solution	(pH	5)	against	Murine	Norovirus	(Surrogate	for	Human	Norovirus)	

https://www.ecoloxtech.com/pdf/nvstudy2.pdf	

	

Stabilized	 hypochlorous	 acid	 disinfection	 for	 highly	 vulnerable	 populations,	 wound	

disinfection	and	area	decontamination.	

https://www.ecoloxtech.com/pdf/research/ieee2017.pdf	

	

Aerosol	disinfection	capacity	of	slightly	acidic	hypochlorous	acid	water	towards	Newcastle	

disease	virus	in	the	air:	An	in	vivo	experiment.	

https://bioone.org/journals/avian-diseases/volume-59/issue-4/11107-042115-
Reg.1/Aerosol-Disinfection-Capacity-of-Slightly-Acidic-Hypochlorous-Acid-Water-



Towards/10.1637/11107-042115-Reg.1.short	

	

Comparative	study	on	the	efficacy	of	bacteriophages,	sanitizers,	and	UV	light	treatments	

to	control	Listeria	monocytogenes	on	sliced	mushrooms	(Agaricus	bisporus)	

https://pubmed.ncbi.nlm.nih.gov/26038905/	

	

Virucidal	 effect	 of	 acidic	 electrolyzed	 water	 and	 neutral	 electrolyzed	 water	 on	 avian	

influenza	viruses	

https://link.springer.com/article/10.1007/s00705-013-1840-2	

	

In	 vitro	 inactivation	 of	 porcine	 reproductive	 and	 respiratory	 syndrome	 virus	 and	

pseudorabies	virus	by	slightly	acidic	electrolyzed	water	

https://www.sciencedirect.com/science/article/pii/S1090023313000695	

	

Efficacy	of	electrolyzed	acid	water	in	reprocessing	patient	used	flexible	upper	endoscopes:	

Comparison	with	2%	alkaline	glutaraldehyde	

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1440-1746.2004.03375.x	

	

A	novel	electrolyzed	sodium	chloride	solution	for	the	disinfection	for	dried	HIV-1	

https://www.osaka-med.ac.jp/deps/b-omc/articles/49/4929-36.pdf	

	

Endoscope	 contamination	 from	 HBV-	 and	 HCV-positive	 patients	 and	 evaluation	 of	 a	

cleaning/disinfecting	method	using	strongly	acidic	electrolyzed	water	

https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1443-1661.2003.00212.x 

 

 

 



Disinfection	 potential	 of	 electrolyzed	 solutions	 containing	 sodium	 chloride	 at	 low	

concentrations	

http://smartewater.com/pdf/Disinfection%20potential%20of%20electrolyzed%20solutions%
20containing%20sodium%20chloride%20at%20low%20concentrations.pdf	

	

Inactivation	of	a	hepadnavirus	by	electrolysed	acid	water	

https://academic.oup.com/jac/article/46/3/363/881868/Inactivation-of-a-hepadnavirus-by-
electrolysed	

	

	

	

	


