


i
\ vapee Wound

Ntil &
¥

Slnce 2012
- now. 1

|
"

_.', "‘JPHysncal Medikine and. - -]n
.RehaBllltatlon (PM&'RS\Departmgm-_

W

N e
mzﬂ«bwm?ﬂ



Ts,u o A2 A = & o =
ASUAITNSBUIANIRANLANHEY FzLin
A . o a @
f52UIKN14S lonization VM iBLANASER
ﬁﬁﬂsz«gﬂqum@nmmﬂﬁmau LAND

BiRasuslisnants filaaauiszquan

b 95, W o

v-o-vv
vV v

Solid e Liquid ———t Gas

# Energy (W) Molecule (%) Excited molecule . Particle * Free-electron ww» lons

A 1 Msiiananan (https://www.acxys.com/plasma-technology.html)

- 2 1 2. 1 -~ o 1
m:imimmmaoUﬁmlﬂuna:um‘u:m’o”maaaaﬂﬂamalﬁuaifﬁmr.imm
wad [(Plasma)



ndsiodulc vtwuwaomlﬂnnmmao o?a "

IMANASOULENIOND MND=ADU
iiwnuanaotiulboountnodwiniountAnGus:=v
Jaaau) wardaudotalwialaluoni:its=9

litma'mmo?wm : :

(ISI0SHa199610 U SHAUA:00AUSNOU
dugpoinansomaniddnsumsasionardu?

@ Awau a: -dousaaou . .
ollnpnasaodu laun looou didnasou ua=aiiid
1a Tmanaﬁﬁtly‘ﬁ@v5‘ommsuuu.s:9nsmﬂu
pwiwiua:zduwubisdnuazugdo (voourula,

auwssa, saasiloloiaa) fonasiodwduiu

77{4;'. ﬂamddpaé w.



Plasma Science and
Technology in
Modern Industries *
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The antimicrobial efficiency.of gas plasmas
started to become appreciated in the 1990s

QQ

increasingly, and.the term“plasma medicine”

was subsequently coined
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NN Misra Oliver Schiuter PJ Cullen, 2016
Cold Plasma in Food and Aqgriculture: Fundamentals and Applications
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THE TERM REEERS TO
PLASIIA CASES

-

»Cold plasma (C.P.),
»Low-temperature plasma :

»Cold Atmospheric Pressures Plasma (CAPP)
»>Non-Thermal Atmospheric Dielectric Barrier
Discharge (DBD) Plasma

Maj. Jaracpac %.
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@ ultraviolet Atmospherlc 9"0 o © charged
emission Plasma o  species

+ electric @ ®
- . '.
field » & RONS B

S thermal @®8actiye oxygen &
‘S=, emission nitrogen species.)

$co G, Robert E, Chettouh-Hammas N, P \/esle J- emerging potential of cold atmospheric plasma in skin
biology [Internet]. Free Radical Biology and Medlcme Pergamon; 2020 [cited 2022Aug1]. Available from:
https://www.sciencedirect.com/sciencel/article/pii/S0891584920312776 Maj. Yaraspac W.
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Lipids & Fatty Acids

Membrane lipid peroxidation

through production of supercxide

anion and hydrogen peroxide Nucleic Acids

» Damage to DNA and RNA
« Reduction in cedl replication

lonizafion
Excilation

feombination

« Bresking of chemical bonds
« Erosion due to bombardment by
radicals

\ « Increasa in surfaca roughnass
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* Lesions and perforations in
mambrane (etching)
« Diffusion of reactive specles and
consequently local damage
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Improves.cell proliferation. :
Synthesis of Extracellular matrix protein.
Promotes vascularization at wound site.

Improved microcirculation.

Restricts'the spread of infectious microorganism.
Stimulate Epithelialization

VVVVYVYVY

Dubey SK, Parab S, Alexander A, Agrawal M, Achalla VPK, Pal UN, et al. Cold Atmospheric Plasma therapy
in wound healing [Internet]. Process Biochemistry. Elsevier; 2021 [cited 2022Jul31]. Available from:

https://www.sciencedirect.com/sciencelarticle/abs/pii/S1359511321003421
Maj. Jaracpac %.
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Randomized Controlled Trial > Int J Low Extrem Wounds. 2016 Dec;15(4):313-319.

doi: 10.1177/1534734616665046. Epub 2016 Sep 20.

The Healing Effect of Low-Temperature
Atmospheric-Pressure Plasma in Pressure Ulcer: A
Randomized Controlled Trial

Apirag Chuangsuwanich ', Tananchai Assadamongkol ', Dheerawan Boonyawan 2

Affiliations + expand
PMID: 27581113 DOI: 10.1177/1534734616665046

Abstract

Pressure ulcers are difficult to treat. Recent reports of low-temperature atmospheric-pressure plasma
(LTAPP) indicated its safe and effectiveness in chronic wound care management. It has been shown
both in vitro and vivo studies that LTAPP not only helps facilitate wound healing but also has
antimicrobial efficacy due to its composition of ion and electron, free radicals, and ultraviolet ray. We
studied the beneficial effect of LTAPP specifically on pressure ulcers. In a prospective randomized
study, 50 patients with pressure ulcers were divided into 2 groups: Control group received standard
wound care and the study group was treated with LTAPP once every week for 8 consecutive weeks in
addition to standard wound care. We found that the group treated with LTAPP had significantly better
PUSH (Pressure Ulcer Scale for Healing) scores and exudate amount after 1 week of treatment. There
was also a reduction in bacterial load after 1 treatment regardless of the species of bacteria identified.




= Exudate reduction  4stwk 26,9% 0% :

= Wound size reduction 2"d wk 46.2% 8.7%.
* Improve wound bed after 2"wk 57.7% 8.7%
= Reduce bacterial load 1st wk o 69.2% 17.3%.

%bacteria in Plasma Rx gr : P.Auriginosa 16, E.Coli 16, Acinetobacter
baumannii 14, E.fisium 13,Kreb 10, MSSA 9, MRSA 7, Proteus 6, other 9

Significant efficacy and safety in promote
healing in chronic PU 8 wks PUSH score 96.2% 52.2%

Application :1min/ sqgcm Scan mode, add on to conventional wound care.

Maj. Jaracpac %.
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Cold Atmospheric Pressure Plasma in Wound Healing
and Cancer Treatment
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Re-epithelialization

Apoptosis
Necrosis
Senescence
Immune response

Wound Healing Cancer Cell Death

Figure 1. Cold atmospheric pressure plasma (CAP) in wound and cancer treatment. Wound healing,

disinfection, and tissue regeneration are triggered by short or moderate CAP treatment (left panel).

It is hypothesized that ultraviolet (UV) radiation, electromagnetic fields, and/or reactive oxygen and
nitrogen species acting either alone or in concert contribute to the effects observed. Prolonged treatment
for cancer therapy enhances oxidative stress from eustress to distress and hence will induce cancer cell
death (right panel). EMT = epithelial-mesenchymal transition.

Boeckmann L, Schafer M, Bernhardt T, Semmler ML, Jung O, Ojak G, et al. Cold atmospheric pressure plasma
in wound healing and cancer treatment [Internet]. MDPI. Multidisciplinary Digital Publishing Institute; 2020

[cited 2022Jul31]. Available from: https://www.mdpi.com/2076-3417/10/19/6898

Maj. Jaracpac %.
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Table 2. Frequently reported treatment parameters in clinical pilot studies and case reports of CAP application for treatment of chronic and acute wounds, as well as

(pre-) cancerous tissues.

Reference Device

Type

Feed Gas Treatment Time

Repetition Distance

[5] MicroPlaSter o

Torch

Argon 5 min

daily (on average 7.86 treatments) 20 mm

[20] CPC 1500 System (jet)

Jet

Helium 1546 min

once

MicroPlaSter o/

Torch

Argon 7 min

daily (on average 11.75
treatments)

kINPen MED

Jet

Argon 105,305, or 3x10 s

once

MicroPlaSter o p

Torch

Argon 37 min

daily (on average 7.90 treatments)

MicroPlaSter f

Torch

Argon 2 min

daily except for weekend

kKINPen MED

Jet

Argon 1 min (8 mm/s)

once

kIMNPen 09

Jet

Argon 1 min/cm

once

FlasmaDerm

DBD

nfa (air) 45 s,-’n:m2

3 x week for 8 weeks

kINPen MED

Jet

Argon 1 min/cm

3 % week for 2 weeks

kINPen MED

Jet

Argon 1 min/cm?®

3 % week for 1 week

BIOPlasma jet

Jet

Argon 1 min,l’n:m2

1 x week for 8 weeks

kINPen MED

Jet

Group I: 1 min spot
exposure Group II:
3 min spot exposure

Argon

Group I: 3 % week for 1 weeks
Group II: once

Custom-made device with
hand-held electrode
(FPG10-01NM10)

nfa (air) 1-2 min

kKINPen MED

1 min,l’n:m2

Argon

3 % week for 1 week followed by
an intermittence of 1 week
without CAP

Adtec Steri-Plas

2 min

2 x week (7 treatments)

kINPen MED

Argon 30 sfem?

5 % daily, then 3 x every
second day

plasma jet

Helium 5 min

3 x week for 3 weeks

slm = standard liter per minute.
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