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Abstract	

Cold	atmospheric	plasma	 is	an	emerging	 field	 in	medicine,	especially	 in	dermatology	
with	promising	applications	for	skin	aesthetics,	wound	healing,	skin	malignancies,	and	
the	 treatment	of	various	skin	diseases	(e.g.,	psoriasis,	atopic	dermatitis,	scleroderma,	
etc.).	Among	them,	the	most	studied	is	the	role	of	plasma	in	wound	healing.	This	paper	
reviews	three	aspects	of	the	mechanisms	by	which	cold	atmospheric	plasma	promotes	
wound	healing,	details	the	effects	of	cold	atmospheric	plasma	on	skin	cells,	skin	tissues,	
and	on	trauma‐loaded	microorganisms,	and	provides	a	brief	analysis	on	the	biosafety	of	
cold	atmospheric	plasma.	
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1. INTRODUCTION	

Plasma	is	a	substance	that	exists	in	nature	at	the	same	level	as	solids,	liquids	and	gases	and	
can	be	produced	under	natural	or	artificial	conditions.	It	is	an	objective	system	consisting	of	a	
large	number	of	positively	charged	ions	and	negatively	charged	electrons,	as	well	as	some	other	
neutral	particles	(atoms	and	molecules)	that	have	not	been	ionized[1]	.	Plasmas	can	be	broadly	
classified	 into	 two	 main	 categories:	 High	 temperature	 plasma,	 and	 Non	 high	 temperature	
plasma.	 High	 temperature	 plasma	 are	 mostly	 observed	 in	 nature	 such	 as	 thunderstorm	
lightning,	 Due	 to	 its	 high	 temperature	 and	 unstable	 physical	 properties,	 it	 is	 difficult	 for	
researchers	to	conduct	deeper	scientific	research	on	it.	Non	high	temperature	plasma	is	further	
divided	into	cold	high‐pressure	plasma	and	cold	atmospheric	plasma,	both	of	which	produce	
temperatures	close	to	the	temperature	of	the	human	skin;	the	former	requires	operation	under	
vacuum,	 which	 results	 in	 relatively	 high	 generation	 costs	 and	 tends	 to	 produce	 excessive	
discharge,	 while	 the	 latter	 can	 operate	 at	 atmospheric	 pressure	 and	 has	 a	 relatively	 mild	
discharge	pattern,	making	it	more	suitable	for	application	on	cells,	animals	and	tissues[2]	.	Most	
of	what	is	studied	in	modern	medicine	is	cold	atmospheric	plasma	(CAP).	CAP	generates	a	large	
amount	of	active	substances	such	as	reactive	oxygen(ROS),	reactive	nitrogen(RNS),	ultraviolet	
light,	electric	field,	heat,	etc.	through	electrical	discharge.	CAP	devices	for	laboratory	and	clinical	
use	are	divided	into	three	main	categories:	those	based	on	direct	discharge	(such	as	DBD);	those	
based	on	indirect	discharge	(sunch	as	plasma	jets,	plasma	pens	etc.);	and	hybrid	plasma	devices,	
but	are	currently	used	only	 in	experimental	applications[3‐5]	 .	CAP	can	also	be	divided	 into	
direct	and	indirect	plasma	in	terms	of	the	way	it	is	used.	In	direct	plasma	applications,	cells	are	
exposed	to	plasma	discharges	in	vitro	and	animal	models	and	human	tissues	are	exposed	to	
discharges	in	vivo.	Whereas	plasma	activated	medium	or	solution,	applied	to	cells,	tissues	or	
animals	is	called	indirect	plasma.	Plasma	devices	used	in	clinical	and	laboratory	settings	have	
been	repeatedly	validated	by	national	and	international	research	groups	and	no	significant	side	
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effects	have	been	found[6‐9]	.	However,	it	is	important	to	standardize	the	treatment	modality	
and	strictly	control	the	treatment	dose	of	CAP	to	reduce	the	potential	risks	during	use.	
Wound	healing	is	a	complex	and	coordinated	process,	which	can	be	broadly	divided	into	four	

phases:	 the	 hemostatic	 phase,	 the	 inflammatory	 phase,	 the	 proliferation	 phase	 with	 the	
formation	 of	 vascular	 and	 granulation	 tissue,	 and	 the	 re‐epithelialization	 phase	with	 tissue	
remodeling[10]	 .	 The	 hemostatic	 phase	 is	 characterized	 by	 vasoconstriction,	 platelet	
aggregation,	 and	 activation	 of	 the	 complement	 system.	 This	 is	 followed	 by	 the	migration	 of	
neutrophils	and	macrophages	to	the	wound	surface,	initiating	the	inflammatory	response[11]	.	
The	inflammatory	phase	is	characterized	by	increased	skin	temperature,	redness	and	pain.	At	
the	 end	 of	 the	 inflammatory	 phase,	 the	 proliferative	 phase	 is	 entered,	 which	 requires	 the	
involvement	 of	 a	 large	 number	 of	 cells,	 growth	 factors,	 and	 enzymes	 to	 achieve	
neovascularization	and	granulation	tissue	production[12]	.	It	eventually	enters	the	remodeling	
phase,	which	can	last	for	one	year	or	more,	where	the	abundant	type	III	collagen	is	gradually	
replaced	by	 type	 I	collagen	with	 the	 involvement	of	multiple	cells,	 transforming	 factors,	and	
matrix	metalloproteinases(MMPs)	to	form	a	mature	scar[13]	.	
Skin	is	the	largest	organ	of	the	body	and	the	first	line	of	defense	against	external	irritants.	

When	 the	 integrity	 of	 the	 skin	 is	 compromised,	 various	 acute	 and	 chronic	 wounds	 will	 be	
formed.	 The	 existing	 wound	 treatment	 methods	 include	 debridement	 of	 necrotic	 tissue,	
sterilization,	wound	dressings	and	compression	bandages[14]	.	Antibiotic	drugs	are	the	most	
commonly	used	topical	antiseptics	which	can	kill	microorganisms	on	the	surface	of	wounds,	
However,	 repeated	 use	 will	 increase	 the	 risk	 of	 antibiotic	 resistance,	 resulting	 in	 less	 than	
optimal	 final	 treatment	outcomes.	Debridement	 refers	 to	 the	 removal	of	necrotic	 tissue	and	
cleaning	of	the	wound	to	achieve	healing	effect,	but	it	is	easy	to	cause	damage	to	normal	tissues	
at	the	same	time,	as	well	as	pain	may	lead	to	intolerance	of	partial	patients[15，16]	.	Wound	
dressings	are	also	a	common	method	to	treat	wounds,	with	a	wide	variety	of	dressings	ranging	
from	simple	sterile	bandages	to	complex	stem	cell	engineered	dressings,	but	most	wounds	need	
to	be	changed	every	1‐3	days	in	the	early	stages	of	formation,	which	is	not	very	convenient	for	
remote	 areas.	 The	 remaining	 novel	 treatment	 modalities	 such	 as	 hyperbaric	 oxygen	 and	
nanomaterials	are	being	developed,	but	their	relatively	high	cost	is	difficult	to	ignore[17,18]	.	
Although	there	are	enough	modalities	available	to	treat	trauma,	there	is	still	a	huge	resistance	
to	treatment	and	an	urgent	need	to	introduce	new	alternatives.	
As	an	emerging	field	of	research,	CAP	has	proven	its	great	potential	in	wound	healing	with	its	

multi‐pathway	mechanism	of	action;	CAP	can	reduce	the	microbial	load	of	wounds	and	restart	
the	stalled	healing	process[19,20]	;	induce	proliferation	and	migration	of	keratinocytes[21‐24]	,	
modulate	 the	 inflammatory	 response,	 enhance	 angiogenesis	 and	 collagen	 deposition,	 and	
accelerate	 re‐epithelialization[25‐27]	 .	 Because	 of	 its	 lower	 cost,	 ease	 of	 use,	wide	 range	 of	
action,	 and	 good	 biocompatibility,	 CAP	 has	 been	 investigated	 for	 a	 variety	 of	 medical	
applications,	 such	 as	 dermatology,	 dentistry,	 plastic	 surgery,	 and	 regenerative	 medicine.	
Although	several	groups	at	home	and	abroad	have	demonstrated	that	CAP	is	safe	and	harmless	
to	cells	and	tissues,	the	therapeutic	dose	of	CAP	is	difficult	to	be	precisely	controlled	in	clinical	
applications,	which	urgently	needs	 to	be	 effectively	 addressed.	However,	 the	 great	potential	
shown	by	CAP	in	the	wound	healing	process	makes	it	promising	as	a	new	modality	for	treating	
wounds.	

2. EFFECT	OF	CAP	ON	SKIN	CELLS	

Among	the	national	and	international	studies,	several	in	vitro	studies	focused	on	the	effect	of	
CAP	on	non‐diseased	skin	cells（Table	1）.	Most	of	these	research	teams	chose	human	primary	
keratinocytes	 as	 a	 cell	model.	Keratinocytes	 are	 the	most	predominant	 cell	 type	 involved	 in	
constituting	 the	 epidermis	 and	 enable	 wound	 repair	 by	 continuously	 proliferating	 and	
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migrating	directionally	 into	the	wound	bed	during	skin	regeneration.	The	researchers	found	
that	CAP	not	only	induces	cell	proliferation	and	migration,	but	their	expression	at	the	protein	
and	gene	level	is	also	affected	accordingly.	
In	2013,	Arndt	et	al.	used	MicroPlaSter	to	study	Primary	human	dermal	fibroblasts	in	vitro.	

They	found	that	in	the	presence	of	CAP,	keratinocytes	migrated	faster	and	proliferation	was	not	
significantly	affected;	while	at	the	molecular	and	genetic	levels,	the	expression	of	interleukin‐6	
(IL‐6),	interleukin‐8	(IL‐8)	and	transforming	growth	factor	(TGF)	were	found	to	be	significantly	
up‐regulated.	Among	them,	TGF	is	an	important	transforming	factor	that	coordinates	wound	
healing	 and	 is	 involved	 in	 various	 activities	 such	 as	 cell	 proliferation	 and	 migration,	
angiogenesis,	 and	 tissue	 remodeling,	 suggesting	 that	CAP	may	be	 involved	 in	 regulating	 the	
inflammatory	 phase	 and	 proliferative	 process	 during	 wound	 healing	 by	 affecting	 TGF	
expression.	Additionally,	CAP	treatment	accelerated	the	synthesis	of	α‐SMA	and	type	I	collagen,	
both	of	which	are	important	components	involved	in	extracellular	matrix	synthesis[21]	.	
Primary	human	epidermal	keratinocyte	was	also	studied	in	vitro	by	Cui	et	al.	They	discovered	

that	CAP	induced	the	expression	of	angiogenic	factors	in	keratinocytes	in	a	HIF‐1a‐dependent	
manner.	 At	 the	 cellular	 level,	 the	 viability	 of	 keratinocytes	 after	 CAP	 treatment	 was	 first	
measured,	and	the	migration	ability	of	the	cells	was	examined	by	scratch	assay.	To	avoid	the	cell	
migration	process	 from	being	affected	by	proliferation,	mitomycin	C	was	used	 to	 inhibit	cell	
proliferation.	 The	 results	 showed	 that	 CAP	 treatment	 did	 not	 reduce	 the	 viability	 of	
keratinocytes	 and	 significantly	 affected	 cell	 migration.	 At	 the	 protein	 and	 gene	 level,	 the	
expression	 of	 Ang‐1,	 Ang‐2,	 VEGF‐A,	 HB‐EGF,	 FGF‐2,	 FGF‐10,	 and	 PDGF	 were	 found	 to	 be	
significantly	 induced	 to	be	elevated.	Subsequently,	 they	 further	confirmed	 that	HIF‐1a	 levels	
were	 also	 elevated	 by	 CAP	 induction,	 but	 after	 using	 CAY10585	 (an	 inhibitor	 of	 HIF‐1a	
accumulation	and	transcriptional	activity),	they	found	that	HIF‐1a	expression	induced	by	CAP	
was	suppressed;	also	the	expression	of	VEGF‐A,	Ang‐1,	and	Ang‐2	was	suppressed,	too.	From	
the	results,	it	was	seen	that	the	changes	of	VEGF‐A,	Ang‐1,	Ang‐2	and	HIF‐1a	were	parallel,	so	
they	speculated	that	CAP	may	affect	the	expression	of	angiogenic	factors	in	keratinocytes	by	
regulating	HIF‐1a.	HIF‐1a	may	be	an	upstream	regulator	of	cell	migration[22]	.	
In	 another	 study,	 human	 keratinocytes	 were	 treated	 with	 He/Ar‐CAPJ	 for	 15s	 and	 a	

significant	increase	in	cell	proliferation	and	migration	was	observed.	It	was	further	confirmed	
at	 the	 molecular	 level	 that	 CAP	 decreased	 E‐cadherin	 expression	 as	 well	 as	 affected	 the	
increased	expression	of	N‐cadherin,	p‐ERK,	cyclin	D1	and	Cdk2.	This	suggests	that	CAP	can	have	
an	 impact	 on	 the	 proliferation	 and	 migration	 of	 keratinocytes	 by	 regulating	 epithelial‐
mesenchymal	transition	(EMT)	and	cell	cycle	progression[23]	.	
Similarly,	Schmidt	et	al.	pointed	out	that	the	nuclear	factor	erythrocyte‐associated	factor	2	

(Nfr2)	 and	 phase	 II	 enzyme	 pathway	 components	 are	 key	 controllers	 in	 the	 regulation	 of	
keratinocyte	behavior.	They	pointed	out	that	CAP	discharge	produces	a	large	amount	of	ROS,	
but	 this	 does	 not	 affect	 the	 viability	 of	 cells.	 In	 subsequent	 studies,	 they	 first	 identified	
differentially	 expressed	 gene	 profiles	 by	 transcriptome	microarrays,	 followed	 by	 functional	
enrichment	analysis	and	further	identified	the	role	of	Nfr2	targets	by	siRNA	silencing	of	genes,	
revealing	that	NRF2	is	an	important	switch	for	sensing	oxidative	stress	events[24]	.	
In	 addition	 to	 keratinocytes,	 the	 effects	 of	 CAP	 on	 various	 cell	 lines	 such	 as	 bronchial	

epithelial	cells,	osteoblasts,	endothelial	cells,	and	cortical	astrocyte	have	also	been	studied	by	
others,	 showing	 favourable	 promotion	 of	 cell	 proliferation,	 migration,	 and	 differentiation.	
However,	repeated	CAP	treatment	seems	to	have	a	negative	effect	on	osteoblast	proliferation,	
which	may	be	related	to	the	CAP	dose;	at	the	molecular	and	genetic	level,	appropriate	doses	of	
CAP	show	positive	effects	on	cellular	involvement	in	wound	healing[28‐31]	.	
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Table	1.	The	effect	of	CAP	on	skin	cells.	

Theme	 Cell	type	 Cellular	level	
Molecular	and	
Gene	level	 Refs

CAP	triggers	key	
events	at	the	cellular	

level	that	are	
important	for	wound	

healing.	

Primary	
human	dermal	
fibroblasts	

Cells	migrated	faster	
and	proliferation	was	
not	significantly	

affected;	

Increased	
expression	of	IL‐6,	
IL‐8,	TGF‐1,	TGF‐
2,α‐SMA,	type	I	

collagen.	

[21]

CAP	increases	the	
production	of	

angiogenic	cytokines	
in	a	HIF‐1α	dependent	

manner	in	
keratinocytes.	

Human	
keratinocytes	

CAP	treatment	did	
not	 	 reduce	the	
viability	of	

keratinocytes	and	
significantly	affected	

cell	migration.	

Promote	the	
expression	of	Ang‐1,	
Ang‐2,	VEGF‐A,	 	

FGF‐10,	PDGF,	HIF‐
1α.	

[22]

CAP	affects	
keratinocyte	

proliferation	and	
migration	by	

regulating	EMT	and	
cell	cycle.	

	

Human	
keratinocytes	

	

Keratinocyte	
proliferation	and	
migration	were	

significantly	increased.
	
	

The	expression	of	
E‐cadherin	

decreased,	while	N‐
cadherin,	p‐ERK,	
cyclin	D1	and	Cdk2	

increased.	

[23]

Nfr2	and	phase	II	
enzyme	pathway	

components	are	key	
controllers	in	the	
regulation	of	

keratinocyte	behavior.	

Human	
keratinocytes	

CAP	produces	a	large	
amount	of	ROS,	but	this	
does	not	affect	the	
viability	of	cells.	

Non‐thermal	
Plasma	Activates	
Phase	II	Enzymes	
through	NRF2	
Pathway	to	

Scavenge	ROS.	

[24]

3. EFFECT	OF	CAP	ON	SKIN	TISSUE	

The	 cellular	 effects	 induced	 by	 CAP	 were	 also	 reflected	 on	 the	 skin	 tissue.	 Researchers	
observed	the	effect	of	CAP	treatment	on	skin	tissue	by	hematoxylin‐eosin(HE)	staining,	Masson	
trichrome	staining	and	immunohistochemistry	(IHC)	analysis(Table	2).	In	a	diabetic	rat	trauma	
model,	 histomorphological	 alterations	 were	 observed	 in	 CAP‐treated	 wounds	 compared	 to	
controls,	with	the	most	significant	differences	in	the	epidermis.	This	was	mainly	reflected	by	
faster	proliferation	of	 fibroblasts,	more	neovascularization,	earlier	epidermal	 formation,	and	
thicker	collagen	deposition	in	dermis	and	keratin	layer	on	skin	surface.	At	the	same	moment	of	
observation,	the	epidermal	layers	of	CAP‐treated	diabetic	rats	were	more	clearly	defined	and	
collagen	 fibers	 were	 more	 closely	 arranged.	 In	 addition,	 a	 significantly	 higher	 number	 of	
positive	cells	for	TGF‐β	was	observed	in	the	CAP	group	compared	to	the	control	group[25]	.	
In	 another	 study,	 also	 in	 a	 diabetic	mouse	 trauma	model,	 two	 CAP	 groups	with	 different	

treatment	doses	were	set	up.	Compared	to	the	control,	 the	trauma	IHC	analysis	 in	both	CAP	
groups	showed	the	protein	expression	of	interleukin	6	(IL‐6),	tumor	necrosis	factor‐α	(TNF‐α),	
inducible	 nitric	 oxide	 synthase	 (iNOS),	 and	 superoxide	 dismutase	 (SOD)	 were	 significantly	
decreased,	 while	 the	 protein	 expression	 of	 vascular	 endothelial	 growth	 factor	 (VEGF)	 and	
transforming	growth	factor‐β	(TGF‐β)	were	protein	expression	was	significantly	increased.	The	
results	 were	 validated	 at	 the	 genetic	 level	 by	 mRNA	 and	 were	 consistent.	 Therefore,	 it	 is	
concluded	 that	 CAP	 improves	 wound	 healing	 in	 diabetic	 mice	 by	 inhibiting	 inflammation,	
reducing	oxidative	stress,	and	enhancing	angiogenesis[26]	.	
Similarly,	 in	another	study	by	Guo	operated,	HE	analysis	of	 skin	 tissue	on	 the	14th	day	of	

trauma	 formation	 revealed	 reduced	 inflammatory	 cell	 infiltration,	 faster	 regenerative	
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epithelialization	 process	 and	 more	 intact	 skin	 structure	 in	 the	 CAP‐treated	 group;	 Masson	
trichrome	staining	showed	that	CAP	treatment	increased	collagen	deposition,	and	IHC	staining	
confirmed	 a	 significant	 increase	 in	 the	 number	 of	 CD31	 and	 TGF‐β‐positive	 cells,	 which	
demonstrated	 that	 CAP	 promotes	 traumatic	 neovascularization	 and	 extracellular	 matrix	
formation[27]	.	In	conclusion,	these	in	vivo	studies	support	the	promising	use	of	CAP	in	trauma	
treatment.	
	

Table	2.	The	effect	of	CAP	on	skin	tissue.	

Disease	 Test	
model	 Synopsis	 Refs	

Diabetic	
wound	 rat	 CAP	treatment	accelerated	cell	proliferation	and	

neovascularization.	 [25]	

Diabetic	
wound	 mice	

CAP	treatment	can	inhibit	wound	inflammation,	reduce	
oxidative	stress,	and	promote	angiogenesis,	which	involves	

a	variety	of	protein	signals.	
[26]	

Acute	
wound,	
diabetic	
wound	

rat	

CAP	treatment	significantly	reduced	inflammation	and	
enhanced	re‐epithelialization,	fibroblast	proliferation,	

deposition	of	collagen,	neovascularization,	and	expression	
of	TGF‐β,	CD31.	

[27]	

Infective	
diabetic	
wound	

rat	

CAP	treatment	resulted	in	regeneration,	collagen	
deposition,	and	neovescularization	of	the	epidermis	and	
dermis,	and	no	wound	contraction,	scar	formation,	or	

tissue	thermal	damage	was	found.	

[19]	

 

4. CAP	REDUCES	TRAUMATIC	MICROBIAL	LOAD	

The	 healing	 process	 of	wounds	with	 large	 amounts	 of	 protein	 and	 tissue	 fluid	 exudation	
provides	 a	 positive	 environment	 for	 microorganisms	 to	 survive.	 Therefore,	 it	 is	 prone	 to	
accompany	infections.	Staphylococcus	aureus	is	the	most	common	bacterium	involved	in	skin	
infections,	 including	 methicillin‐resistant	 Staphylococcus	 aureus	 (MRSA)[32‐34]	 .	 Other	
microorganisms	associated	with	skin	infections	are	Pseudomonas	aeruginosa,	Escherichia	coli,	
Acinetobacter	 baumannii,	 and	 coagulase‐negative	 staphylococci	 (CNS),	 including	
Staphylococcus	epidermidis	and	Staphylococcus	lutens[35,36]	.	And	biofilm	formation	leads	to	
more	 complex	 infections,	 creating	 a	 great	 challenge	 for	 pathogen	 removal	 and	 further	
increasing	the	difficulty	of	wound	healing[37,38]	.	
Boekema	et	al.	used	a	dielectric	blocking	discharge	(DBD)	as	plasma	source	in	vitro	treatment	

of	S.	aureus	for	2	min	resulted	in	a	4	log	reduction	in	viable	cells[39]	;	in	another	study,	Guo	et	
al.	 demonstrated	 that	 reactive	 oxygen	 species	 (ROS)	 and	 reactive	 nitrogen	 species	 (RNS)	
produced	by	CAP	were	important	factors	in	the	inactivation	of	S.	aureus	and	noted	that	CAP	
treatment	 restored	MRSA	 susceptibility	 to	 antibiotics.	 CAP	 can	 be	 used	 synergistically	with	
antibiotics	to	control	traumatic	infections	and	improve	the	efficacy[40]	.	
It	 has	 also	 been	 demonstrated	 that	 CAP	 can	 cause	 cell	 death	 in	 E.	 coli	 by	 disrupting	 the	

integrity	 of	 the	 E.	 coli	 plasma	 membrane[41]	 ;	 similar	 studies	 have	 been	 conducted	 on	 P.	
aeruginosa.	Dijksteel	et	al.	 found	that	exposure	of	P.	aeruginosa	to	CAP	for	2	min	resulted	in	
complete	 bacterial	 inactivation[42]	 ,	 and	 Wang	 et	 al.	 also	 demonstrated	 that	 CAP	 killed	
multidrug‐resistant	Pseudomonas	by	significantly	increasing	intracellular	ROS	levels	[43]	.	
Of	concern	is	the	need	to	be	alert	to	the	increased	risk	of	fungal	infections	under	conditions	

of	 adequate	antibiotic	use.	Choi	et	 al.	 first	observed	 the	 inhibitory	effect	of	CAP	on	Candida	
albicans	 in	vitro	and	 further	demonstrated	 the	accelerated	wound	healing	effect	of	CAP	 in	a	
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diabetic	rat	model	infected	with	Candida	albicans[19]	.	In	addition	to	Candida	albicans,	Klämpfl	
et	al.	also	demonstrated	a	significant	effect	of	CAP	on	reducing	spore	survival[20]	.	
In	a	recent	study,	Khosravi	et	al.	used	air‐sourced	DBD	plasma	devices	for	inactivation	of	S.	

aureus	and	E.	coli	biofilms.	The	results	showed	that	the	biofilms	of	Staphylococcus	aureus	and	
Escherichia	coli	were	damaged	by	up	to	70%	and	85%	respectively	after	4min	of	exposure	to	
CAP[44]	.	In	Handorf's	study,	after	60	s	of	CAP	treatment,	the	three‐dimensional	structure	of	
biofilms	was	 disrupted	 and	 the	morphology	 of	 Candida	 albicans	 cells	 changed	 significantly,	
especially	with	more	pronounced	inactivation	of	cells	at	the	edges	of	biofilms[45]	.	CAP	showed	
conspicuous	inactivation	of	several	bacteria	commonly	found	on	skin	surfaces	as	well	as	of	fungi,	
spores	and	biofilms,	which	provided	a	positive	impact	on	wound	healing(Table	3).	
	

Table	3.	CAP	inactivates	microorganisms.	
Microorganism	 Synopsis Refs

S.	aureus	 In	vitro	treatment	of	S.aureus	with	CAP	for	2	min	reduced	in	a	4log	
reduction	in	viable	cell.	

[39]

MRSA	 CAP	produces	large	amounts	of	ROS	and	RNS	to	inactivate	MRSA	and	
restore	MRSA	susceptibility	to	antibiotics.	

[40]

E.	coli	 CAP	causes	cell	death	by	disrupting	the	integrity	of	the	E.	coli	plasma	
membrane.	

[41]

P.	aeruginosa	 In	vitro	treatment	of	Pseudomonas	aeruginosa	for	2min	resulted	in	cell	
death.	

[42]

Multidrug‐
resistant	

Pseudomonas	

CAP	inactivates	multidrug‐resistant	Pseudomonas	by	increasing	
intracellular	ROS	concentration.	

[43]

Candida	
albicans	

In	vitro	treatment	of	Candida	albicans	with	CAP	resulted	in	reduced	cell	
numbers.	

[19]

spore	 CAP	reduces	spore	survival. [20]
S.	aureus	and	E.	
coli	biofilms	

After	4min	exposure	to	CAP,	biofilms	of	Staphylococcus	aureus	and	
Escherichia	coli	were	destroyed	by	up	to	70%	and	85%,	respectively.	

[44]

Candida	
albicans	biofilm	

CAP	treatment	resulted	in	the	destruction	of	the	three‐dimensional	
structure	of	the	biofilm	and	the	morphological	changes	of	the	cells,	
especially	the	inactivation	of	the	cells	at	the	edge	of	the	biofilm.	

[45]

5. BIOSAFETY	OF	CAP	

Although	 CAP	 shows	promising	 applications	 in	 the	wound	 healing	 process,	 CAP	 can	 only	
accelerate	the	healing	process	through	direct	contact	with	the	wound,	so	the	biosafety	of	CAP	is	
crucial.	Wende	et	al.	used	different	test	systems	to	treat	several	cell	 lines	with	CAP	to	detect	
mutagenicity.	 It	 showed	 that	 appropriate	 doses	 of	 CAP	 treatment	 did	 not	 increase	 the	
genotoxicity	of	the	cells[6]	;	in	another	study,	Xu	et	al.	used	a	plasma‐activated	solution	to	treat	
trauma	on	the	back	of	mice,	and	at	the	end	of	the	treatment,	serum	was	collected	for	biochemical	
assays	and	vital	organs	(heart,	liver,	spleen,	lungs,	and	kidneys)	were	dissected	for	histological	
examination.	Biochemical	examinations	confirmed	that	CAP	had	no	effect	on	liver	and	kidney	
function,	 lipids,	 blood	 glucose	 and	 antioxidants	 (total	 superoxide	 dismutase)	 in	 mice,	 and	
histological	examinations	also	confirmed	that	there	were	no	significant	abnormal	changes	in	
the	tissue	structure	and	cellular	composition	of	important	organs	in	mice[7]	.	Evert	repeatedly	
exposed	the	oral	mucosa	of	mice	to	CAP	for	up	to	1	year	and	showed	that	the	oral	mucosa	of	
mice	 was	 well	 tolerated	 to	 CAP	 and	 did	 not	 lead	 to	 non‐invasive	 lesions	 or	 squamous	 cell	
carcinoma	(SCC)	of	the	mucosa;	and	the	size	of	precancerous	lesions	or	SCC	was	significantly	
reduced	 in	 mice	 treated	 with	 CAP,	 which	 even	 suggests	 that	 CAP	 exposure	 is	 beneficial	 in	
inhibiting	the	development	of	precancerous	lesions	and	malignancies[8]	.	In	another	study	by	
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Schmidt	et	al.,	they	used	an	argon‐sourced	plasma	jet	device	for	repeated	treatment	of	wounds	
in	mice	for	2	weeks	and	followed	up	for	12	months	after	the	treatment..	The	results	showed	that	
the	 wounds	 firstly	 showed	 a	 similar	 appearance	 in	 healing	 to	 the	 control	 animals	 without	
excessive	scarring;	secondly,	serum	biochemical	tests	ruled	out	the	development	of	pathology	
or	 excessive	 inflammation;	 and	 finally,	 the	 occurrence	 of	malignant	 tumors	 in	 various	 vital	
organs	was	ruled	out	by	imaging[9].	

6. CONCLUSION	

CAP	can	support	wound	healing	by	stimulating	the	proliferation	and	migration	of	epidermis‐
associated	cells,	activating	or	inhibiting	relevant	signaling	pathways	to	reduce	the	inflammatory	
response,	stimulating	neovascularization	and	collagen	deposition,	and	effectively	reducing	the	
microbial	load	on	the	wound	surface.	CAP	is	a	new	treatment	with	broad	application	prospects.	
It	 is	 not	 only	 used	 for	 the	 treatment	 of	 acute	 or	 chronic	wounds,	 but	 also	 shows	 beneficial	
therapeutic	 effects	 in	 other	 skin	 diseases,	 malignant	 tumors	 and	 regenerative	 medicine.	
However,	 the	 quantification	 of	 CAP	 doses	 is	 still	 not	 clearly	 addressed	 protocols,	 and	 the	
standardization	of	treatment	modalities	for	different	types	of	wounds	and	skin	diseases	is	very	
important	and	urgently	needed.	Studies	by	different	teams	at	home	and	abroad	have	provided	
important	reference	values	for	this	purpose,	but	further	exploration	and	discoveries	are	still	
needed	in	the	future.	

7. FINANCIAL	&	COMPETING	INTERESTS	DISCLOSURE	

This	project	was	supported	by	the	foundation	of	Natural	Science	Research	Project	of	Anhui	
Universities(grant	numbers:	KJ2020ZD19),	Clinical	Training	Program	of	the	Second	Affiliated	
Hospital	of	Anhui	Medical	University(grant	numbers:	2020LCZD21	),	Anhui	Medical	University	
Basic	 and	Clinical	 Cooperative	Research	Promotion	Program((grant	numbers2020XKJT042),	
National	 Natural	 Science	 Foundation	 of	 China	 Incubation	 Program(grant	 numbers:	
2021GQFY03),	 Scientific	 Research	 Fund	 of	 Anhui	 Institute	 of	 Translational	 Medicine(grant	
numbers:	 2021ZHYX‐C48)	 and	Research	 Fund	of	Anhui	Medical	University((grant	 numbers:	
2022XKJ048).	The	authors	have	no	other	relevant	affiliations	or	financial	involvement	with	any	
organization	or	entity	with	a	financial	interest	in	or	financial	conflict	with	the	subject	matter	or	
materials	discussed	in	the	manuscript	apart	from	those	disclosed.	

REFERENCES	

[1] Sheehan	 JP,	 Hershkowitz	 N,	 Kaganovich	 ID,	 Wang	 H,	 Raitses	 Y,	 Barnat	 EV,	 Weatherford	 BR,	
Sydorenko	D.	Kinetic	theory	of	plasma	sheaths	surrounding	electron‐emitting	surfaces.	Phys	Rev	
Lett.	2013	Aug	16;111(7):075002.	 	

[2] Sakudo	 A,	 Yagyu	 Y,	 Onodera	 T.	 Disinfection	 and	 Sterilization	 Using	 Plasma	 Technology:	
Fundamentals	 and	 Future	 Perspectives	 for	 Biological	 Applications.	 Int	 J	 Mol	 Sci.	 2019	 Oct	
21;20(20):5216.	

[3] Bernhardt	 T,	 Semmler	ML,	 Schäfer	M,	 Bekeschus	 S,	 Emmert	 S,	 Boeckmann	 L.	 Plasma	Medicine:	
Applications	of	Cold	Atmospheric	Pressure	Plasma	in	Dermatology.	Oxid	Med	Cell	Longev.	2019	Sep	
3;2019:3873928.	

[4] Isbary	G,	 Shimizu	T,	 Li	 YF,	 Stolz	W,	Thomas	HM,	Morfill	GE,	 Zimmermann	 JL.	 Cold	 atmospheric	
plasma	devices	for	medical	issues.	Expert	Rev	Med	Devices.	2013	May;10(3):367‐77.	 	

[5] Hoffmann	C,	Berganza	C,	Zhang	J.	Cold	Atmospheric	Plasma:	methods	of	production	and	application	
in	dentistry	and	oncology.	Med	Gas	Res.	2013	Oct	1;3(1):21.	 	



World	Scientific	Research	Journal	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Volume	8	Issue	12,	2022	

ISSN:	2472‐3703	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 DOI:	10.6911/WSRJ.202212_8(12).0005	

43	

[6] Wende	K,	Bekeschus	S,	Schmidt	A,	Jatsch	L,	Hasse	S,	Weltmann	KD,	Masur	K,	von	Woedtke	T.	Risk	
assessment	 of	 a	 cold	 argon	 plasma	 jet	 in	 respect	 to	 its	 mutagenicity.	 Mutat	 Res	 Genet	 Toxicol	
Environ	Mutagen.	2016	Mar;798‐799:48‐54.	

[7] Xu	D,	Wang	S,	Li	B,	Qi	M,	Feng	R,	Li	Q,	Zhang	H,	Chen	H,	Kong	MG.	Effects	of	Plasma‐Activated	Water	
on	Skin	Wound	Healing	in	Mice.	Microorganisms.	2020	Jul	21;8(7):1091.	 	

[8] Evert	K,	Kocher	T,	Schindler	A,	Müller	M,	Müller	K,	Pink	C,	Holtfreter	B,	Schmidt	A,	Dombrowski	F,	
Schubert	A,	von	Woedtke	T,	Rupf	S,	Calvisi	DF,	Bekeschus	S,	Jablonowski	L.	Repeated	exposure	of	
the	oral	mucosa	over	12	months	with	cold	plasma	is	not	carcinogenic	in	mice.	Sci	Rep.	2021	Oct	
19;11(1):20672.	

[9] Schmidt	A,	Woedtke	TV,	Stenzel	J,	Lindner	T,	Polei	S,	Vollmar	B,	Bekeschus	S.	One	Year	Follow‐Up	
Risk	Assessment	in	SKH‐1	Mice	and	Wounds	Treated	with	an	Argon	Plasma	Jet.	Int	J	Mol	Sci.	2017	
Apr	19;18(4):868.	

[10] Demidova‐Rice	TN,	Hamblin	MR,	Herman	IM.	Acute	and	impaired	wound	healing:	pathophysiology	
and	current	methods	for	drug	delivery,	part	1:	normal	and	chronic	wounds:	biology,	causes,	and	
approaches	to	care.	Adv	Skin	Wound	Care.	2012	Jul;25(7):304‐14.	

[11] Diegelmann	RF,	Cohen	IK,	Kaplan	AM.	The	role	of	macrophages	in	wound	repair:	a	review.	Plast	
Reconstr	Surg.	1981	Jul;68(1):107‐13.	 	

[12] Shaw	TJ,	Martin	P.	Wound	repair:	a	showcase	for	cell	plasticity	and	migration.	Curr	Opin	Cell	Biol.	
2016	Oct;42:29‐37.	

[13] Diegelmann	RF,	Evans	MC.	Wound	healing:	an	overview	of	acute,	fibrotic	and	delayed	healing.	Front	
Biosci.	2004	Jan	1;9:283‐9.	 	

[14] Fallah	N,	Rasouli	M,	Amini	MR.	The	current	and	advanced	therapeutic	modalities	for	wound	healing	
management.	J	Diabetes	Metab	Disord.	2021	Aug	16;20(2):1883‐1899.	 	

[15] Weiser	 JR,	 Saltzman	WM.	 Controlled	 release	 for	 local	 delivery	 of	 drugs:	 barriers	 and	models.	 J	
Control	Release.	2014	Sep	28;190:664‐73.	

[16] Verbanic	S,	Shen	Y,	Lee	J,	Deacon	JM,	Chen	IA.	Microbial	predictors	of	healing	and	short‐term	effect	
of	 debridement	 on	 the	 microbiome	 of	 chronic	 wounds.	 NPJ	 Biofilms	 Microbiomes.	 2020	 May	
1;6(1):21.	

[17] Bassetto	 F,	 Lancerotto	 L,	 Salmaso	 R,	 Pandis	 L,	 Pajardi	 G,	 Schiavon	 M,	 Tiengo	 C,	 Vindigni	 V.	
Histological	evolution	of	chronic	wounds	under	negative	pressure	therapy.	J	Plast	Reconstr	Aesthet	
Surg.	2012	Jan;65(1):91‐9.	

[18] Sharifi	 S,	 Hajipour	 MJ,	 Gould	 L,	 Mahmoudi	 M.	 Nanomedicine	 in	 Healing	 Chronic	 Wounds:	
Opportunities	and	Challenges.	Mol	Pharm.	2021	Feb	1;18(2):550‐575.	

[19] Choi	KY,	Sultan	MT,	Ajiteru	O,	Hong	H,	Lee	YJ,	Lee	JS,	Lee	H,	Lee	OJ,	Kim	SH,	Lee	JS,	Park	SJ,	Eden	JG,	
Park	 CH.	 Treatment	 of	 Fungal‐Infected	 Diabetic	 Wounds	 with	 Low	 Temperature	 Plasma.	
Biomedicines.	2021	Dec	23;10(1):27.	 	

[20] Klämpfl	TG,	Isbary	G,	Shimizu	T,	Li	YF,	Zimmermann	JL,	Stolz	W,	Schlegel	J,	Morfill	GE,	Schmidt	HU.	
Cold	 atmospheric	 air	 plasma	 sterilization	 against	 spores	 and	 other	 microorganisms	 of	 clinical	
interest.	Appl	Environ	Microbiol.	2012	Aug;78(15):5077‐82.	 	

[21] Arndt	S,	Unger	P,	Wacker	E,	Shimizu	T,	Heinlin	J,	Li	YF,	Thomas	HM,	Morfill	GE,	Zimmermann	JL,	
Bosserhoff	AK,	Karrer	S.	Cold	atmospheric	plasma	(CAP)	changes	gene	expression	of	key	molecules	
of	the	wound	healing	machinery	and	improves	wound	healing	in	vitro	and	in	vivo.	PLoS	One.	2013	
Nov	12;8(11):e79325.	



World	Scientific	Research	Journal	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Volume	8	Issue	12,	2022	

ISSN:	2472‐3703	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 DOI:	10.6911/WSRJ.202212_8(12).0005	

44	

[22] Cui	HS,	Cho	YS,	 Joo	SY,	Mun	CH,	Seo	CH,	Kim	 JB.	Wound	Healing	Potential	of	 Low	Temperature	
Plasma	in	Human	Primary	Epidermal	Keratinocytes.	Tissue	Eng	Regen	Med.	2019	Sep	4;16(6):585‐
593.	 	

[23] Lou	BS,	Hsieh	JH,	Chen	CM,	Hou	CW,	Wu	HY,	Chou	PY,	Lai	CH,	Lee	JW.	Helium/Argon‐Generated	Cold	
Atmospheric	 Plasma	 Facilitates	 Cutaneous	Wound	 Healing.	 Front	 Bioeng	 Biotechnol.	 2020	 Jun	
30;8:683.	

[24] Schmidt	A,	Dietrich	S,	Steuer	A,	Weltmann	KD,	von	Woedtke	T,	Masur	K,	Wende	K.	Non‐thermal	
plasma	activates	human	keratinocytes	by	stimulation	of	antioxidant	and	phase	II	pathways.	J	Biol	
Chem.	2015	Mar	13;290(11):6731‐50.	

[25] Fathollah	 S,	 Mirpour	 S,	 Mansouri	 P,	 Dehpour	 AR,	 Ghoranneviss	M,	 Rahimi	 N,	 Safaie	 Naraghi	 Z,	
Chalangari	R,	Chalangari	KM.	Investigation	on	the	effects	of	the	atmospheric	pressure	plasma	on	
wound	healing	in	diabetic	rats.	Sci	Rep.	2016	Feb	23;6:19144.	 	

[26] He	R,	Li	Q,	Shen	W,	Wang	T,	Lu	H,	Lu	J,	Lu	F,	Luo	M,	Zhang	J,	Gao	H,	Wang	D,	Xing	W,	Jia	W,	Liu	F.	The	
efficacy	and	safety	of	cold	atmospheric	plasma	as	a	novel	therapy	for	diabetic	wound	in	vitro	and	in	
vivo.	Int	Wound	J.	2020	Jun;17(3):851‐863.	 	

[27] Guo	P,	Liu	Y,	Li	J,	Zhang	N,	Zhou	M,	Li	Y,	Zhao	G,	Wang	N,	Wang	A,	Wang	Y,	Wang	F,	Huang	L.	A	novel	
atmospheric‐pressure	air	plasma	jet	for	wound	healing.	Int	Wound	J.	2022	Mar;19(3):538‐552.	 	

[28] Scharf	C,	Eymann	C,	Emicke	P,	Bernhardt	J,	Wilhelm	M,	Görries	F,	Winter	J,	von	Woedtke	T,	Darm	K,	
Daeschlein	G,	Steil	L,	Hosemann	W,	Beule	A.	Improved	Wound	Healing	of	Airway	Epithelial	Cells	Is	
Mediated	by	Cold	Atmospheric	Plasma:	A	Time	Course‐Related	Proteome	Analysis.	Oxid	Med	Cell	
Longev.	2019	May	19;2019:7071536.	 	

[29] Eggers	B,	Wagenheim	AM,	Jung	S,	Kleinheinz	J,	Nokhbehsaim	M,	Kramer	FJ,	Sielker	S.	Effect	of	Cold	
Atmospheric	Plasma	(CAP)	on	Osteogenic	Differentiation	Potential	of	Human	Osteoblasts.	Int	J	Mol	
Sci.	2022	Feb	24;23(5):2503.	

[30] Eggers	B,	Marciniak	J,	Memmert	S,	Kramer	FJ,	Deschner	J,	Nokhbehsaim	M.	The	beneficial	effect	of	
cold	atmospheric	plasma	on	parameters	of	molecules	and	cell	function	involved	in	wound	healing	
in	human	osteoblast‐like	cells	in	vitro.	Odontology.	2020	Oct;108(4):607‐616.	 	

[31] Jang	JY,	Hong	YJ,	Lim	J,	Choi	JS,	Choi	EH,	Kang	S,	Rhim	H.	Cold	atmospheric	plasma	(CAP),	a	novel	
physicochemical	 source,	 induces	 neural	 differentiation	 through	 cross‐talk	 between	 the	 specific	
RONS	cascade	and	Trk/Ras/ERK	signaling	pathway.	Biomaterials.	2018	Feb;156:258‐273.	

[32] Iwatsuki	K,	Yamasaki	O,	Morizane	S,	Oono	T.	Staphylococcal	cutaneous	infections:	invasion,	evasion	
and	aggression.	J	Dermatol	Sci.	2006	Jun;42(3):203‐14.	 	 	

[33] Stryjewski	 ME,	 Chambers	 HF.	 Skin	 and	 soft‐tissue	 infections	 caused	 by	 community‐acquired	
methicillin‐resistant	Staphylococcus	aureus.	Clin	Infect	Dis.	2008	Jun	1;46	Suppl	5:S368‐77.	 	

[34] Hatlen	TJ,	Miller	LG.	Staphylococcal	Skin	and	Soft	Tissue	Infections.	Infect	Dis	Clin	North	Am.	2021	
Mar;35(1):81‐105.	

[35] Santucci	 SG,	Gobara	 S,	 Santos	CR,	 Fontana	C,	 Levin	AS.	 Infections	 in	 a	 burn	 intensive	 care	unit:	
experience	of	seven	years.	J	Hosp	Infect.	2003	Jan;53(1):6‐13.	

[36] Ramakrishnan	K,	Salinas	RC,	Agudelo	Higuita	NI.	Skin	and	Soft	Tissue	Infections.	Am	Fam	Physician.	
2015	Sep	15;92(6):474‐83.	

[37] Yin	W,	Wang	Y,	Liu	L,	He	J.	Biofilms:	The	Microbial	"Protective	Clothing"	in	Extreme	Environments.	
Int	J	Mol	Sci.	2019	Jul	12;20(14):3423.	

[38] Hall	CW,	Mah	TF.	Molecular	mechanisms	of	biofilm‐based	antibiotic	 resistance	and	 tolerance	 in	
pathogenic	bacteria.	FEMS	Microbiol	Rev.	2017	May	1;41(3):276‐301.	 	



World	Scientific	Research	Journal	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 Volume	8	Issue	12,	2022	

ISSN:	2472‐3703	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 DOI:	10.6911/WSRJ.202212_8(12).0005	

45	

[39] Boekema	B,	Stoop	M,	Vlig	M,	van	Liempt	J,	Sobota	A,	Ulrich	M,	Middelkoop	E.	Antibacterial	and	safety	
tests	 of	 a	 flexible	 cold	 atmospheric	 plasma	 device	 for	 the	 stimulation	 of	 wound	 healing.	 Appl	
Microbiol	Biotechnol.	2021	Mar;105(5):2057‐2070.	 	

[40] Guo	L,	Xu	R,	Zhao	Y,	Liu	D,	Liu	Z,	Wang	X,	Chen	H,	Kong	MG.	Gas	Plasma	Pre‐treatment	Increases	
Antibiotic	 Sensitivity	 and	 Persister	 Eradication	 in	 Methicillin‐Resistant	 <i>Staphylococcus	
aureus</i>.	Front	Microbiol.	2018	Mar	23;9:537.	 	

[41] Kobzev	EN,	Kireev	GV,	Rakitskiĭ	IuA,	Martovetskaia	II,	Chugunov	VA,	Kholodenko	VP,	Khramov	MV,	
Akishev	 IuS,	Trushkin	NI,	Grushin	ME.	 [Effect	of	 cold	plasma	on	 the	E.	 coli	 cell	wall	and	plasma	
membrane].	Prikl	Biokhim	Mikrobiol.	2013	Mar‐Apr;49(2):164‐70.	Russian.	 	

[42] Dijksteel	GS,	Ulrich	MMW,	Vlig	M,	Sobota	A,	Middelkoop	E,	Boekema	BKHL.	Safety	and	bactericidal	
efficacy	of	 cold	atmospheric	plasma	generated	by	a	 flexible	 surface	Dielectric	Barrier	Discharge	
device	against	Pseudomonas	aeruginosa	in	vitro	and	in	vivo.	Ann	Clin	Microbiol	Antimicrob.	2020	
Aug	19;19(1):37.	 	

[43] Wang	L,	Xia	C,	Guo	Y,	Yang	C,	Cheng	C,	Zhao	J,	Yang	X,	Cao	Z.	Bactericidal	efficacy	of	cold	atmospheric	
plasma	treatment	against	multidrug‐resistant<i>Pseudomonas	aeruginosa</i>.	Future	Microbiol.	
2020	Jan;15:115‐125.	

[44] Khosravi	S,	Jafari	S,	Zamani	H,	Nilkar	M.	Inactivation	of	Staphylococcus	aureus	and	Escherichia	coli	
Biofilms	 by	 Air‐Based	 Atmospheric‐Pressure	 DBD	 Plasma.	 Appl	 Biochem	 Biotechnol.	 2021	
Nov;193(11):3641‐3650.	

[45] Handorf	O,	Schnabel	U,	Bösel	A,	Weihe	T,	Bekeschus	S,	Graf	AC,	Riedel	K,	Ehlbeck	J.	Antimicrobial	
effects	 of	 microwave‐induced	 plasma	 torch	 (MiniMIP)	 treatment	 on	 Candida	 albicans	 biofilms.	
Microb	Biotechnol.	2019	Sep;12(5):1034‐1048.	


