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TOM TAT:

Muc tiéu: Nham cung cap cai nhin tong quan vé hiéu qua, co ché phan tir va tinh an toan
ctia cdng nghé Plasma lanh ap suat khi quyén trong diéu tri cac loai vét thuong cap va man
tinh. Phwong phap: Tong quan luan diém. Két qua: Céng nghé Plasma lanh &p suat khi
quyén thiic ddy qua trinh lién thuong thong qua viéc tiéu diét vi khuan khang thudc, phéa hay
mang sinh hoc, diéu bién céc cytokine gay viém va kich hoat cac con duong tin hiéu ting
sinh té bao nhu PISK/AKT va MAPK thong qua protein kinase CK2. Cac thir nghiém 1am
sang ghi nhan CAP gidp giam dién tich vét thuong dang ké (p<0,0001), giam do pH vét
thuong va cai thién chat luong cudc song bénh nhan nho giam dau o rét. Két luan: Cong
nghé Plasma lanh &p suat khi quyén la giai phap diéu tri khong xam lan hiéu qua cho cac vét
thuong kho lanh, dic biét 12 loét ban chan tiéu duong.

Tir khoa: Plasma lanh, lién thuong, loét ban chan tiéu duong.

A SCOPING REVIEW ON THE APPLICATION OF COLD ATMOSPHERIC
PLASMA IN WOUND HEALING

ABSTRACT

Objective: To provide an overview of the efficacy, molecular mechanisms, and safety
of atmospheric pressure cryotherapy in the treatment of acute and chronic wounds. Methods:
A scoping review. Results: Atmospheric pressure cryotherapy promotes wound healing by
eliminating drug-resistant bacteria, destroying biofilms, modulating inflammatory cytokines,
and activating proliferative signaling pathways such as PI3K/AKT and MAPK via protein
kinase CK2. Clinical trials showed that CAP significantly reduced wound area (p<0.0001),
decreased wound pH, and improved patient quality of life due to marked pain reduction.
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Conclusion: Atmospheric pressure cryotherapy is an effective non-invasive treatment for
difficult-to-heal wounds, especially diabetic foot ulcers.

Keywords: Cold Atmospheric Plasma, wound healing, diabetic foot ulcer.

1. PAT VAN PE

Hién nay, vét thuong mén tinh bao gdom
loét ban chan tiéu duong, loét tinh mach va
loét ti d¢, dang tré thanh ganh ning y té
nghiém trong trén toan cau véi khoang 10,5
triéu nguoi bi anh huong chi riéng tai Hoa
Ky [3,5,10]. Su hinh thanh mang sinh hoc
(biofilm) vi khuan va tinh trang viém kéo dai
la nhitng nguyén nhan chinh khién céc vét
thuong nay tr¢ nén “tro” voi cac phuong
phap diéu tri truyén théng nhu khang sinh
hay bang gac thong thuong [4,5,7]. Tai cac
nudc dang phat trién, chi phi cham soc vét
thwong mén tinh chiém téi 2-4% ngan sach
y té, tao ra &p luc kinh té khong 16 cho hé
théng quan ly y té quéc gia [3,11,13].

Trong béi canh d6, Plasma lanh &p suat
khi quyén (Cold Atmospheric Plasma -
CAP) noi 1én nhu mét liéu phap dot pha nho
kha ning tao ra hon hop céac lodi oxy va nito
phan ung (Reactive Oxygen and Nitrogen
Species - RONS), bic xa cuc tim
(Ultraviolet - UV) va dién truong & nhiét do
phong [8,10]. Cac thanh phan nay tac dong
da myc tiéu: vira khir triing bé mit bang cach
pha huy DNA vi khuan, vira kich thich cac
té bao sirng va nguyén bao soi di cu dé déng
vét thuong [4,6,9]. Pac biét, cac nghién ctu
méi nhat di 1am 3 vai trd ctia CAP trong
viéc diéu bién con duong tin hiéu noi bao
nhu CK2/PI3K/AKT, giup day nhanh giai

doan biéu m6 hoa va tai ciu tric chit nén
ngoai bao (Extracellular Matrix - ECM) [5].

Mic di thé gisi da dat duoc nhitng budc
tién dai voi cac thiét bi CAP duoc chung
nhan y té& nhu kINPen hay SteriPlas [2,8],
tai Viét Nam, viéc ung dung cdng nghé nay
van ton tai khoang trong nghién cau rat lon.
Céc co so Yy té trong nudc hién cha yéu st
dung céc thiét bi chua duwoc chuan héa vé
lidu luong RONS cu thé cho ting loai mé,
ddng thoi thiéu hut cac tha nghiém 1am sang
ngau nhién c6 d6i chang quy mé 16n trén
bénh nhan ban dia [8,10,13]. Do d6, viéc
thuc hién nghién ctu tong quan nay 1a vo
cing cap thiét nham hé théng hoa bang
chung khoa hoc, phan tich wu nhuge diém
cua cac céng nghé hién co, tir d6 dinh hudng
xay dung quy trinh diéu tri chuan héa phu
hop véi bdi canh y té Viét Nam, gitp toi uu
hoa chi phi va ngan ngtra nguy co cho bénh
nhan.

2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. Péi twong nghién ciru

Pbi twong nghién ciu 1a cac bai bao
khoa hoc va tai liéu lién quan dén hiéu qua
cdng nghé Plasma lanh trong diéu tri lién
thuong.

Tiéu chuan lwa chon:

- Céc cong bd va bai bao nghién ciu lién
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quan dén hiéu qua cong nghé Plasma
lanh trong diéu tri lién thuong;

Dia diém: Trén toan thé gioi;
Ngon ngir: Tiéng Anh:
Xuat ban: Nam 2021-2026.

Tiéu chuan loai trir:

Cac cdng bé va bai béo trung lap;

Cac cong bd va bai bao khong cung cap
dix liéu géc;

Céc cong b va bai bao khong co bai
bao toan van.

2.2 Phwong phap, chién lwgc tim kiém va
ngudn dir li¢u

Khao sat nay dugc thuc hién theo
huéng dan PRISMA-ScR (PRISMA
exension for Scoping Reviews), la
bang kiém thyc hién nghién ctu tong
quan.

Thiét ké nghién ctu: Téng quan luan
diém.

Chung t6i thuc hién tim kiém mot cach
hé théng trén co so dir lieu PubMed,
Embase va CINHAL vai tu khoa tim

kiém: (Cold atmospheric Plasma)
AND (Wound healing).

2.3. Lwa chon nghién ciru

Hai nghién ctu vién thuc hién doc lap

theo 2 budc:

Bwéc 1: Tom tit cua cac bai bao tim
thiy s& duoc loai bo trung l3p va nhap
vao phan mém quan |y tai liéu Endnote
X7. Cac nghién ctru vién s€ doc k¥ tiéu
dé, tom tit. Cac bai bao dap ung tiéu
chuan s& duoc lya chon, bai bao khang
dap g tiéu chuan sé bi loai tru.
Bwéc 2: Cac nghién ciu ¢6 tiéu dé va
tom tit phu hop s& duge doc toan van,
néu xac dinh phu hop véi muc tiéu
nghién ctu sé dugc lua chon va thu
thap cac thong tin.

Trong 2 budc nay, néu c6 sy mau thuan
gitta hai nghién ctu vién, ca hai s¢
cung tién hanh thao luan va théng nhat
quan diém.

2.4. Trich xuat dix liéu

Tac gia, nam cong bd, ddi twong, cong
cu thoi diém dénh gia, wu diém, han ché cua
cdng nghé Plasma lanh va két qua chinh.

3.KET QUA

Téng s6 231 bai bao di duoc tim thay
trén co so dir liéu, sau loai trir c6 16 bai bao
duogc lya chon dé doc toan van va thay dap
tmg duoc tiéu chuan lya chon, tiéu chuan
loai trir va duoc dua vao nghién cau (so do
phia dudi).
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S& bai bdo xdc dinh thong qua hé thdng
tim ki€m co’ s& di liéu (n = 231)

l

S& bai bdo dwgre sang loc tiéu dé

va tém tit (n = 231)

4 A
S& bai béo loai trir sau
l »|  khi doc tidu dé va tém tht (n = 199)
N
S& bai bdo durge xem toan vin e J
(n=32)
d N
S& bai béo loai trir sau
i > khi doc toan vin (n = 16)
S& bai bdo dwgc chon vao nghién ciru e 2
(n=16)
%

Bang 1. Téng hop céc nghién cru vé (ring dung Plasma lanh trong lién thwong

Poi Cong cu & Thoi diém . i )
Tac gia (Nam) Wu diem Han che Keét qua chinh
twong danh gia
Chudt Khang khuan Can phai Giam dién tich vet thwong
Curukoglu . M6 bénh hoc, mMRNA i )
tieu manh, tang hop thudc (p=0.034), gidm té bao
(2023) [1] IL-8; 14 ngay
duwdng collagen boi viém.
Thd nghiém mu ) B CAP giam dién tich vwot
Strohal (2025) 70 BN Do dién tich ky thuat - SO ca nhiém
) don, ngau nhién tréi so v&i gia dwoc
[2] man tinh s0, pH; 42 ngay trung con it
cao (p<0.0001)
i CAP gilp tranh doan chi
Barjasteh Review co’ ché va lam Phén tich sau D liéu thtr . .
Loét DFU i nh¢o day nhanh toc do
(2023) [3] sang vai tro RONS cap )
dong vét thuwong
Téng . Giai thich chi tiét ]
Murali (2024) So do hoa tin hiéu Ly thuyét hé | CAP la “con dao hai lu&i”,
quan co tac dong . . N .
[4] i phan tt thong can kiem soét lieu lwong
ché cta RONS
Té bao Lam rd con Thuc R )
Wu P.S. (2025) Proteomics, ELISA; 24 Thuc day di cw té bao
HaCaT, duwong CK2/PI3 nghiém c& )
[5] gio - strng va tai cau trac ECM
chudt K/AKT mau nhd
Yoo J. (2023) Ché va Thang diém vét Hiéu qua thuc Nghién ctru | Téng tdc d6 lanh thwong
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6]

meéo (Tha thwong stra déi; 5 tién cao héi ctru hang tuan so v&i chdm séc
y) tuan (81.48%) tiéu chuan
Chuét “Ban chai Can thém Cai thién lanh thwong ro
Hong Q. (2023) Camera WoundZoom; i -
(biofilm plasma” khdng th&r nghiém rét & vét thwong nhiém
[7] 11 ngay
PAO1) gay dau trén nguoi mang sinh hoc
B . Khéng c6 Khang dinh CAP la cong
Apelqvist Review Hwéng dan thwe hanh Chuan hoa quy N
o thwe nghiém nghé mé&i ndi hra hen
(2024) [8] lam sang EWMA trinh quoc té i i
goc nhat
Lam ro sw
Barjasteh Review Phan tich vi moi D liéu they CAP vuot qua sw khang
i khéng khang i )
(2023) [9] co ché tredng cap thudc clia mang sinh hoc
sinh
‘ . CAP diéu bién viem théng
Raissi (2025) Review So d6 hoéa Nrf2 va Tong quan rdiro | Mang tinh ly
| qua cac con dwong phan
[10] Molecular Keapl va lgi ich thuyét
o
Nghién ctru Giam vi khuén c6 hai
Zhou J. (2025) | Chuét gia Transcriptome, 16S Lam rd .
trén dong (Delftia), tang vi khuan cé
[11] va tré rRNA; 12 ngay microbiome da
vat loi
Abdo (2024) Review So sanh lanh thwong Phan biét liéu D liéu the Xéac dinh liéu eustress (co
[12] Redox va ung thw lwong RONS cap loi) cho lién thwong
o Chuwa cé két | Danh gia tinh an toan va
Li Z. (2023) BN loét Systematic Review Thiét ké nghién .
qua cudi hiéu qua
[13] DFU Protocol ctru chat ché
cung cua CAP trong DFU
Chirng minh
Jahandideh Thd - Tang tan mach, collagen
MO0 bénh hoc; 10 ngay | hiéu qua trén md | C& mau nho
(2021) [14] (nwdu) . va gidm viém nwéu
mem
Danh gia da C& mau
Gao R. (2025) 25 bénh sequencing; trwdc va CAP tang da dang vi sinh,
dang vi sinh bénh nhan
[15] nhan sau CAP i giam Proteobacteria
thye té con nhd
Té bao
Phwong phap Phu thuéc PAM kich thich
Roux S. (2025) swng, PAM (Dung dich hoat . x
gian tiep dé trién thoi gian angiogenesis thong
[16] nguyén héa)
khai hoat héa qua RONS
bao

Nhan xét: Tong hop cac nghién ciu cho
thiy cong nghé Plasma lanh da duoc nghién
ctu trén nhiéu déi tugng khéc nhau, tir dong

vat thi nghiém dén bénh nhan loét ban chan
tiéu duong, véi két qua nhat quan vé kha
ning thic day lién thuong va khang khuan.
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Cac nghién ctu nhin manh wu diém nhu
giam dién tich vét thuong, cai thién vi moi
truong va ting collagen, song van ton tai han
ché vé ¢& mau nho, dit liéu tht cdp va nhu
cau kiém soét liéu lugng RONS.

4. BAN LUAN

4.1. Dic diém vé co ché diéu bién sinh hoc
va truyén tin hiéu

CAP hoat dong nhu mot bo diéu bién
hoa sinh manh mé thay vi chi la tac nhan vat
ly don thuan. Nghién ciu cua Wu P.S.
(2025) da chang minh CAP kich hoat
protein kinase CK2, tir d6 diéu phdi nhip
nhang cac con duong PI3K/AKT va MAPK,
thac day su di cu cua té bao sing ngay trong
giai doan sém [5]. Ngoai ra, RONS tur
plasma kich hoat cam bién ung
suit Keapl dé giai phéng Nrf2 (Nuclear
factor erythroid 2-related factor 2), gidp té
bao chdng lai stress oxy hoa va diéu bién
phan &g viém [10,12]. Uu diém 16n nhat 1a
kha ning kich thich dong thoi nhiéu loai té
bao stra chita, tuy nhién nhugc diém la hiéu
qua nay phu thuoc khit khe vao lidu luong
dé tranh gay chét té bao [4,12]. Tinh ung
dung cta co ché nay 1a co s& khoa hoc dé
trién khai CAP tai Viét Nam trong viéc day
nhanh téc d6 déng vét thuong va cai thien
chat lugng md seo.

4.2. Pic diém khang khuan va kiém soat
mang sinh hec

Kha ning tiéu diét vi khuan thdng qua
tén thuong oxy hoa truc tiép 1én mang té bao
va DNA ma khong gay khang thudc 14 vu thé
vuot troi caa CAP [7,10]. Bac biét, thiét bi

“ban chai plasma” c6 kha nang tham nhap
SAu Va0 c&c cau tric mang sinh hoc phic tap
cia vi khuin da khang thudc nhu P.
aeruginosa [7]. Céac nghién
ctiru Microbiome (hé vi sinh vat) con cho
thiy CAP gilp giam céc chi vi khuan c6 hai
nhu Delftia va khoi phuc su can bang hé vi
sinh da khoe manh [11,15]. Mac du hiéu qua
diét khuan rat manh mé, nhuge diém la can
duy tri diéu tri lap lai (thuong 3 lan/tuan) dé
ngin ngira vi khuan tai xam nhap [2]. Tinh
tng dung nay cuc ky quan trong trong béi
canh tinh trang khang khang sinh tai Viét
Nam dang & muc bao dong.

4.3. Pic diém thay d6i vi méi truong vét
thuong

Song song véi tac dong té bao, CAP con
gay ra nhimng thay doi tich cyc trong vi moi
truong vét thuong, cu thé 1a kha ning giam
d6 pH vét thuong, chuyén mdi truong tir
kiém sang axit nhe [2,8]. Su thay d6i nay, két
hop Vi viéc tang bao hoa oxy mo thong qua
kich hoat cac enzyme nhu eNOSva giai
phong VEGF, tao ra “vi méi truong ly
tuong” cho qua trinh tin mach [10,12]. Uu
diém 14 cai thién vi tuan hoan tai chd mét
céch bén viing, nhung nhugc diém 1a can cac
cong cu theo déi pH chuyén dung dé kiém
soat hiéu qua. Tinh tng dung tai Viét Nam
nam & viéc hd tro diéu tri cac vét thuwong man
tinh “tro” bang cach thiét 1ap lai moi truong
sinh 1y téi wu.

4.4. Pic diém vé an toan va tinh kha thi
Iam sang
bang

Céc chung tu tha
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nghiém RCT khang dinh CAP I liéu phap
rat an toan, khong gay tac dung phu nghiém
trong va dugc bénh nhan dung nap tét [2,8].
Bénh nhan sir dung CAP ghi nhan sy giam
dau nhanh chéng (theo thang diém VAS) va
giam luong dich tiét rd rét [2,10]. Viéc phét
trién céc thiét bi cam tay hoic dung dich hoat
hoa mang lai su tién lgi cao trong thao tac
1am sang [11,16]. DU vay, han ché 16n nhat
van 1a chi phi dau tu thiét bj ban dau. Tinh
g dung tai cac nuéc dang phat trién rat kha
thi néu ching ta c6 thé san xuat thiét bi noi
dia hoic s dung PAM d giam gia thanh
diéu tri cho bénh nhan nghéo. Tai Viét Nam,
noi co ty 1 bénh nhan tiéu dudng va loét ban
chan ngay cang tang, viéc trién khai rong
rdi CAP khong chi gitp giam ty 1€ doan chi
ma con mang lai lgi ich kinh té khong 15 nho
rdt ngan thoi gian nam vién va giam nhu cau
su dung khang sinh manh. Pay chinh la chia
khoa dé hién dai héa quy trinh cham soc vét
thuong tai moi tuyén diéu tri.

KET LUAN

Cong nghé Plasma lanh mang lai hiéu
qua vuot troi trong diéu tri lién thuong nho
kha ning diét khuan da muc tiéu va kich hoat
cac con duong tin hiéu phén tir tang sinh mo.
Pay 1a cong cu an toan, hia hen thay ddi
hoan toan quy trinh chim séc vét thuong
hién dai va mang lai lgi ich thiét thuc cho
cong dong bénh nhan tai Viét Nam.

TAI LIEU THAM KHAO

1. Curukoglu A, et al. (2023). The effect of
cold atmospheric plasma (NO) alone and
in combination with NPH insulin on the
full-thickness excisional wound healing

in a diabetic rat model. Vet Med-Czech.
68: 152-163.

2. Strohal R, et al. (2025). Treatment of
chronic wounds with cold plasma: a
randomised,  single-blind,  placebo-
controlled clinical study. J Wound Care.

3. Barjasteh A, et al. (2023). Cold
Atmospheric  Pressure  Plasma: A
Growing Paradigm in Diabetic Wound
Healing—Mechanism and  Clinical
Significance. Int J Mol Sci. 24: 16657.

4. Murali R, etal. (2024). Cold atmospheric

plasma (CAP) in wound healing:
harnessing a dual-edged sword. Redox
Exp Med. €230026.

5. Wu PS, et al. (2025). Cold Atmospheric
Plasma Jet Promotes Wound Healing
Through CK2-Coordinated PI3K/AKT
and MAPK Signaling Pathways. Mol
Cell Proteomics. 24(5).

6. Yoo J, et al. (2023). Application of cold
atmospheric microwave plasma as an
adjunct therapy for wound healing in
dogs and cats. J Vet Sci. 24(4).

7. Hong Q, et al. (2023). A novel approach
to expedite wound healing with plasma
brush of cold flame. Rev Sci Instrum. 94:
084102.

8. Apelqvist J, et al. (2024). Cold Plasma:
An Emerging Technology for Clinical
Use in Wound Healing.J Wound
Management. 25(3).

9. Barjasteh A, et al. (2023). Cold
Atmospheric  Pressure Plasma: A
Growing Paradigm in Diabetic Wound
Healing. Int J Mol Sci.

10. Raissi-Dehkordi N, et al. (2025).


https://tapchitaimuihong.vn/

11.

12.

13.

https:/tapchitaimuihong.vn. Tap 72 chi sé xuit ban 75. Sé 2 thang 6 nam 2026

Advancing chronic and acute wound
healing with cold atmospheric plasma:
cellular and molecular
mechanisms. Front Med. 12: 1527736.

Zhou J, et al. (2025). Low-temperature
cold plasma promotes wound healing by
inhibiting  skin  inflammation and
improving  skin  microbiome. Front
Bioeng Biotechnol. 13: 1511259.

Abdo Al, Kopecki Z. (2024). Comparing
Redox and Intracellular Signalling
Responses to Cold Plasma in Wound
Healing and Cancer. Curr Issues Mol
Biol. 46: 4885-4923.

Li Z, et al. (2023). Effect of cold
atmospheric plasma therapy on wound

14.

15.

16.

healing in patients with diabetic foot
ulcers: protocol for a systematic
review. BMJ Open. 13: e066628.

Jahandideh A, et al. (2021). Evaluating
the effect of cold plasma on the healing
of gingival wound.J Diabetes Metab
Disord. 20: 741-745. [14.pdf]

Gao R, et al. (2025). Cold atmospheric
plasma and skin wound healing:
influence on microbial diversity and
composition. BMC Microbiol. 25: 260.

Roux S, et al. (2025). Biological
solutions activated by cold plasma at
atmospheric pressure: A new therapeutic
approach for skin wound
healing. Biomed Pharmacother. 186.


https://tapchitaimuihong.vn/

