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TOM TAT

Vét thieong man tinh la nhitng vét thwong khéng tién trién theo qud trinh lanh thuwong thong
thwong, ¢6 thoi gian lanh chdm hodc khéng thé lanh thwong, thuong gap co thé ké dén loét ty de,
loét do tiéu dirong, loét mach mau,... gdy nén sy dau dom, anh huong den site khoe, tam 1y, kinh té
bénh nhén va tao ap liec cho cdc co so'y té trong diéu tri. Laser cong sudt thap (LCST) dugc chitng
minh la mét phwong phdp hiéu qua trong diéu tri cdc vét thwong man tinh bang cach hé tro day
nhanh giai doan viém, kich thich tang sinh va lanh thuwong. Tuy nhién, dé dap vmg dioc yéu cau
diéu tri, can dam bdo cung cdp ding liéu diéu tri can thiét (mdt do nang luong laser). Nghién ciru
nay thiét Igp mét mé hinh tinh ‘toan kha nang hdp thu va lan truyén ciia laser trong mé da & vung
lung va got chan voi nhiing cap do ton thirong khéc nhau, voi myc dich hé tro viéc tinh todn liéu
diéu tri, ndng cao hiéu qud, va toi wu quy trinh diéu tri cdc vét thiwong man tinh.

Tiwr khoa: Laser cong suét thap; Vét thuong man tinh; Liéu diéu tri.

1. PAT VAN PE

Vét thuong man tinh (VTMT) 1a nhing vét thuong khong tién trién mot cach binh thuong va
c6 trat t hodc khong thé phuc hoi dugc tinh toan ven vé mat giai phau va chiic ning sau ba thang
[1]. Qué trinh chita lanh vét thuong gdm bén giai doan: cam mau/dong mau, viém, tang sinh va tai
cau tric. VIMT thuong c6 giai doan viém kéo dai va khong thé két thic dugc. Hién nay, nhiing
ton thuong man tinh nhu loét ti dé, loét do tiéu duong,... la pho bién, cac bao céo cho biét tai Hoa
Ky va Chau Au ty 18 mic VIMT trong cong dong khoang 2%, giy ra nhirng tac dong xdu vé mit
tam 1y va tao nén nhimg ganh ning vé kinh té, xa hoi [2]. Do d6, viéc nghién ctru chira lanh cac
VTMT dang la van dé duoc quan tim ca ¢ Viét Nam va trén thé gioi [1, 2].

Hién nay, viéc didu tri VTMT da dat dugc nhiéu budc tién dang ké. Tuy thuge vao loai va murc
do ton thuong s& c6 nhing phuong phap diéu tri khac nhau, thuong 1a ket hop nhiéu phuong phap
dleu tri nhu: liéu phap ngoai khoa, liéu phap khang sinh, sir dung yéu t6 ting truéng chon loc, bang
vét thuong, liéu phap ap lyc &m, oxy cao ap, laser tri li¢u,.. . [3- 5] Trong do, LCST 1a moét liéu
phap khong x4m l4n, c6 hiéu qua cao trong diéu tri cac VTMT vét thuong dién rong [6].

Hiéu qua cua LCST dugc quyét dinh bai nhiéu yéu t6 lién quan dén lidu diéu tri, dic diém mo
ton thuong va giai doan lanh thwong. Cac phan tir vat chat bén trong mo song sau khi dugc hép
thu nang luong tir cac photon laser s& xay ra hiéu mg kich thich sinh hoc, mang lai cac bién d6i &
cap do té bao, mo va toan bd co thé [7]. Hiéu tng kich thich sinh hoc xay ra khi mat d cong suét
tac dong & muc 10 — 10° W/em? véi thoi gian twong tac tir vai gidy dén vai chuc phut.

Viéc nghién ciru twong tac cta anh sang voi md co thé di dugc thuc hién ¢ Viét Nam va trén
thé gioi trong nhiéu nam qua. Cac nghién ciru nay thuong hudéng dén déi twong da c6 cau tric
nguyén ven [8-10], riéng voi nhitng ddi twong 1a da bi tén thuong con tuong ddi han ché. Nghién
ctru nay dugc thyc hién nhim mo ta twong tac clia laser 1én timg loai ton thwong & vi tri lung va
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g6t ban chan, tuong ung véi cac muc do ton thuong dugc phan loai.
2. NGUYEN LIEU VA PHUONG PHAP

2.1. Pic diém cia vét thwong man tinh
VTMT gém nhjéu loai, dugc phan thanh cac cép d06 khac nhau. Trong nghiéq clru nay, ghﬁng
toi tap trung vao ton thuong man tinh do ap luc (loét ti d¢). Theo hdi dong tu van loét Quoc gia
Hoa ky (ndm 2007) loét ti d¢ dugc phan thanh bon cap d6 (d9) nhu mo ta ¢ hinh 1 [11].
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Hinh 1. Cdc cdp dé dién hinh cia loét ti dé a) cdp dé 1, b) cdp dé 11,
c)cap do llvad) cap do V.

O qcég do I, da c6 thé do va dau, cung hodc mém hon V}‘mg mo 1an can nhung khong bi réch hay
duat. O cap do I, da bi rach va mon di hogc hinh thanh vét loét, thudng dau va nhay cam. Cap do
111, t6n thuong lan siu hon vao mé bén dudi da, tao thanh hé, co thé den 16p m&. Cap do IV, vét
loét dn sdu vao co va xuong va giy ra ton thuong rong, co thé xay ra ton thwong cac mo gan va
khop. Ton thuong d6 I1I va IV ¢ thé gay nhidm tring nghiém trong [11].

2.2. Phwong phap mo phéng

Phuong phap Monte Carlo 12 mot phuong phap phd bién va hiéu qua dwoc sir dung dé mo
phong sy lan truyén anh sang trong moé sinh hoc dya trén phuong trinh RTE [10 12] Trudce day,
cac b giai thuong don gian, doi hdi phai tinh toan lap di 1ap lai nhiéu l4n, din dén mét rt nhiéu
thoi gian xir li. Dé giai quyét Van d@é nay, Mcmatlab duoc lya chon sir dung trong nghién ciru nay,
n6 cho phép mé phong su truyén anh sang trong md mot cach nhanh chéng va chinh xac [12].

Nguon laser dau vao duge mo phong bang cach phat cac gbi photon va tinh toan dudng di cua
chung trong khdi mé, sir dung cac s6 duoc tao gia ngau nhién dé xac dinh vi tri va quy dao cua goi
photon ban dau ciing nhu d6 dai duong di gila cac sy kién tan xa va goc tan xa. Khi cac goi photon
lan truyén gitta cac voxel, ching giri mot phan nang luong (trong luong) cua ching vao voxel.
Phén ning luong ling dong nay s& dugc tich lily bang sb trong ma tran 3 chiéu [12].

2.3. Xay dung mé hinh

Nghién ctru ndy dugc thyuc hién trén hai ving da: lung va got chan voi nhitng cap do ton thuong
khac nhau. Hinh 2a mé td md da vung lung & trang thai binh thuong/tén thwong d6 I; & cip do 11,
16p thugng bi bi ton thuong va mat di; & cap do 111, ton thuong di sau vao 16p bi (sau 0.22 cm tir
bé mit); cap do IV, ton thuong vao dén mé co (sau 1.42 cm tir bé mit). Trong d6, nhitng mé bi
t6n thwong dugc xem 1a mat hoan toan va dugc tinh toan thay thé bang 16p khong khi.
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Hinh 2. @) M6 hinh da ving lung va b) g6t chdn va minh hoa nhitng cdp do ton thuong.
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Twong ty, hinh 2b mé ta m6 hinh da got chan véi 4 16p: thuong bi, bi, m& dudi da va xuong, &
cau trac got ban chan khong c6 16p co. Nhiing t6n ‘thuong s€ duge mo ta tuong tmg vdi ba cap do
ton thuong ciia loét ti dé gom: t6n thuong do I, cu tric nguyén ven; t6n thuong d6 II mat phan
thuong bi va d6 I1I tén thuong dén mé md (sau 0.65 cm tir bé mat) [13].

Céc thong s dugc st dung trong mé phd cua timg mé duoc trinh bay trong bang 1 va bang 2.

Bing 1. Théng s6 quang hoc ciia mé lung nguwoi [10, 14, 15].

Thugng bi Bi Mg dudida | Co Mau Xuong
Do day (cm) 0.02 0.4 1 1 0.01 2
D6 hap thu pa (cm™) 9.4 0.7 0.7 132 | 3.9 0.2
Do tan xa ps (cm™) 555 306 172 89.6 | 1884 80
Hé s6 di huong g 0.9 0.9 0.9 0.9 0.9 0.9
Chiét suét n 1.34 1.37 1.4 1.36 | 1.39 1.55
Bing 2. Thong s6 quang hoc ciia mé da gét ban chdn [10, 14-16].

Thuong bi Bi Mo dudida | Mau Co Xuong
Do day (cm) 0.15 0.2 1 0.01 - 2
D6 hap thu pa (cm?) 4.3 2.7 0.128 3.9 - 0.2
D6 tan xa ps (cm™) 107 187 125.5 1884 - 80
Hé s6 di hudng g 0.79 0.82 0.9 0.9 - 0.9
Chiét suat n 1.5 1.4 1.44 1.39 - 1.55

* Trong khong khi, hé s6 hap thu va tan xa rdt nho, dwgc xem nhw khong ddang ké.
3. KET QUA, THAO LUAN

Két qua khi chiéu xa laser budc song 633 nm, ban kinh chim Gaussian 0.25 cm vao cic mo
hinh da lung véi 4 cép d6 t6n thuong duoc thé hién trong hinh 3, logarit ciia mat d¢ xac sudt hap
thu di duoc chuin hoa theo cong suit dau vao: log(A(x,y,z)) (cm®), duoc ghi lai d6i véi da ving
lung binh thub’ng/tén thuong @6 I, d6 11, d¢ 11l va a6 I'V.
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Hinh 3. Mt do xdc sudt hap thu di dwoc chuan héa dwdi dang ham logarit: log (A(x,,z)) doi
Vv6i da vimg lung a) binh thirong/ton thwong dg I, b) bi ton thwong d@é 11, ¢) @ LI va d) do IV.

Két qué cho théy & mo da binh thudng/ton thuong d6 I, ¢ do sdu 1 cm, A(x,y,z) ¢ gia tri
khoang 10* cm (hinh 3a). Dbi v6i mo bi ton thuong d¢ II va III, A(x,y,z) co gia tri khoang 10
cm tai 16p m& dudi da (hinh 3b,c) ing v6i do sau 1.2 cm. Tén thuong cap dd IV cho thay su hap
thu manh & phan con lai cia co; & xuong, anh sang bi hap thu mot phan va ¢ sy phan bd ving
hap thu rong trong khong gian mo phong (hinh 3d).

Hinh 4a cho théy phéan bd mat do xac suét hép thu theo d0 sau z da chuan hoa. Tai bé mat (hinh
4b) A(x,y,z) cao nhat khoang 102 cm & viing tam tia laser. Hinh 4c (z = 0.25 cm, tai 16p bi), va
4d (z = 0.35 cm, tai mach mau) cho thiy c6 sy mé rong ving hap thy theo mit cat ngang (x,y), voi
ban kinh ving hép thu khoang 1 cm so v6i & bé mit 13 0.75 cm (hinh 4b). O d6 siu 0.25 cm va
0.35 cm (hinh 4c¢,d) mat d6 xac sudt hap thu A(x,y,z) c6 gié trj 16n nhét dat khoang 10 cm™ va suy
yéu & 16p m& (hinh 4e-f). Pén 16p co, z = 1.5 cm, A(x,y,z) giam dan vé dudi 10° cm™ (hinh 4g).
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Hinh 4. Mdt do xdc sudt hap thu da dwoc chuan héa dwdi dang ham logarit: log(A(x,y,z)) & b)

bé mat, ¢)z=025cmd)z=0.35cm, e)z=0.5cm, f)z=1.0cmvag)z= 1.5 cm (tinh tir bé
mdt da) doi véi da c6 cau triic nguyén ven.

Thong lugng dong ciia photon 1a x4c suat di chuyén cua photon trén mét don vi dién tich trong
mot don vi thoi gian. Trong nghién ctru nay, thong lugng dong photon dugc chuan hoéa theo cong
sudt dau vao F(x,y,z) (cm?). Két qua tinh toan ddi véi bén mé hinh ton thuong ¢ da ving lung cho
thdy thong lugng dong photon giam dan khi di sdu vao mo da.

z[cm]

Hinh 5. Théng lwong dong ciia photon da dwoc chudan héa duwdi dang ham logarit: log(F(x,y,z))
doi v6i da ving lung a) binh thwong/ton thuong dé I, b) @6 II, ¢) do Il va d) d 1V.

Trong truo‘ng hop khong ton thuong/ton thuong do I (hinh 5a), F(x,y,z) c6 gia tri 16n nhit vao
khoang 10* cm™? va giam dan vé dudi 107 Cm 2khi xudng dén mé co. Ddi vai ton thuong do ILIII,
trong khong khi, F(x,y,z) dat khoang 10* cm? va cling dung lai & 16p co. Riéng véi Vet thuong do
IV khi dén 16p co, photon van c6 sy lan truyén manh, F(x,y,z) khoang 102-10' cm? va chi dimg

lai khi di vao 16p xuong (hinh 5d).

y [em] T xem] y [em] x [cm) y [em] x [cm]

b) C)

Hinh 6. Mdt dg xdc sudt hdp thu da dwoc chudn héa dwdi dang ham logarit: log(A(x,y,z)) doi véi
da got chan a) binh thuong/ ton thuong do I, b) do 1l va d) do 111.

Dbi voi mo got chan, logarit cia mét do xac suat hap thy da chuan hoa theo cong suat dau vao

duoc tinh toan va trinh bay trong hinh 6. Da g6t chan cau tric nguyén ven co6 su hap thu manh &

16p thuong bi va bi, dén 16p md dudi da mat do xac suat hap thy giam dan vé dudi 10° cm2 (hinh

6a). Do got chan ¢6 16p thuong bi day (0.15 cm) va hé s6 hap thu cta 16p thugng bi 16n (u,=9.4
cm™) nén tai day c6 su hap thu manh laser budc song 633 nm, A(X,y,z) 16n nhat ¢6 gia tri khoang

z [cm]
z [cm]
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102 cm™3. Trudng hop da bi ton thuong d6 II (hinh 6b), cdu tric md du()i da c6 mat do xac suat hap

thu cao hon dang ké, A(x,y,z) co gia tri 16n nhét 1 khoang 10° cm

rieng t6n thuong do III (hinh

6¢), ving md va co6 mat do xac suat hap thu 16m, A(x,y,z) khoang 102-10! cm, tai 16p xuong
A(x,y,z) ¢6 gié tri 10n nhat khoang 10 cm va giam dan vé dudi 10° cm™ khi di sdu vao trong.

0
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Hinh 7. Mdt dé xdc sudt hap thu dé dwoc chudan héa dudi dang ham logarit log(A(x,y,z)) theo do
sdu ctia da got chdn 6 b) bé mdt da, ¢) z=0.35cm, d) z= 0.5 cm, €) z = 1.5 cm tinh tir bé mdt da.

Nhu d3 dé cap, do ¢ su hap thu manh & 16p thuong bi va hé sb tan xa 16n (555 cm™), nén khéc
v6i mo da lung, ¢6 su mod rong theo chiéu ngang (truc x,y), md da got chan cé phan bd theo mit
cit ngang giam dén, ban kinh ving hip thu ciing giam theo do sau (z), tai z = 1.5 cm (¢ 16p md
duéi da), A(x,y,z) giam dan vé dudi 10-6 cm?® (hinh 7).
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Hinh 8. Théng lwong dong photon da dwoc chudn héa duwdi dang ham logarit: Log(F(x,y,z)) doi
véi da got chan a) binh thuong/ton thuwong dé I, b) @6 Il va d) do I11.

Véi tinh chat didc trung vé mit cdu tric cta cac 10p, thong lugng dong cta photon trong mo
hinh m6 da got chan dugc chuan hoa: F(x,y,z) va trinh bay trong hinh 8 dudi dang ham logarit,
cho thay kha ning lan truyén anh sang trong mé ting dan trong ba trudng hop: mé da nguyén
ven/tén thuong do I (hinh 8a); d6 II (hinh 8b) va do III (hinh 8c).

a)
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Hinh 9. a) Sw ling dong ndng lwong A(z) (cm ™) va b) théng leong dong photon da dwge chudn
héa F(z) (khong thir nguyén) khi twong tac véi chium sang Gaussian (W/cm?) theo do sdu z.
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So sanh sy ling dong ning lugng A(z) (hinh 9a) va thong lugng dong photon F(z) (hinh 9b)
theo dd sau z gitra hai md hinh da ving lung (nét hen mau xanh duong) va mé da got chan (duong
nét dirt mau d6) nguyén ven vai ciing thong sd ngudn laser. Két qua cho thay ¢ da ving lung, Iaser
budc song 633 nm c6 dd xuyén sau hon so voi Vung got chan. Su khac biét nay 1a do ddc diém cau
tric ctia hai ving da, & ving lung c6 16p bi day dén 4 mm [15], nguoc lai & vung got chan lai co
16p thugng bi day dén hon 1.5 mm [15], diéu nay dan dén nhitng dic trung hip thu va lan truyén,
phan bd khéng gian khac nhau giira cic ving mo.

Khi so sanh véi nhitng nghién ctru vé twong tac cia LCST ¢6 budc song trong ving anh sang
d6 1én mo da da dugce béo céo [8, 10, 17, 18], cho théy d6 sau tham nhap cua laser trong cac bao
céo c6 sy khac biét, vao khoang tir vai milimét dén centimét. Nghién ciru cta ching toi cho thay
laser c6 d6 xuyén sau khoang 1 cm ddi véi ving da lung nguyén ven va khoang 0.4 cm dbi véi
viing da g6t chan. Su khac biét giita cac nghién ctru dén tir sy khac nhau vé mé hinh, phuong phép
mo phong, thong s6 quang hoc ctia md, cau triic mo da, thong sd laser dau vao,... [10].

4. KET LUAN

Nghién ciru twong tac ctia LCST vé&i cac md khac nhau va mirc d6 ton thuong khac nhau c¢6
nghia trong viéc hd tro tdi vu hoa liéu diéu tri, nang cao chét luong va hiéu qua diéu tri cho bénh
nhan bi ton thuong man tinh [15]. Nghién ctru duoc xay dung dya trén mo hinh Monte Carlo va
chuong trinh mé phong MCmatlab. Két qua cta nghién ctru cho thay, budc song 633 nm duoc héap
thu & nhitng viing mé khac nhau hay véi mirc d6 t6n thuong khac nhau 1a khac nhau. Mdi ving s&
¢6 cAu trac da khac nhau va mdi 16p trong cdu trac da c6 nhitng dic trung riéng biét khi twong tac
v6i laser, 16p thuong bi hip thu manh nhat véi laser budc séng 633 nm, xwong ngudi hép thu kém
vOi bude song nay nén mat dg xac suat hép thu hay thong lugng dong photon s& thay dbi khi nhiing
t6n thuong 1am mat di mot hay mot sé 16p cia mé da. Trong nghién ciru ndy, mic du ciu trac cia
mo da nguoi dd dugc nghién ciru xay dung trong moé hinh tinh toan, tuy nhién da la bd phén co
cAu tao phirc tap, nhiéu thanh phan va cic thong s6 ddc trung clia nd mang tinh ca thé, nén viéc
mo phong con chua thyuc su hoan thién, dan dén d6 chinh xac khi tinh toan s& bi anh huong dang
ké so v6i thuce té 1am sang. Nghién ctru ndy ciing 1a co s& dé hoan thién viéc xay dung mé hinh da
ngudi day du trong twong lai va hd trg viée tinh toan lidu diéu trj cac bénh 1y khac bang LCST.
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ABSTRACT
Study on dose calculation of low level laser in the treatment of chronic wounds

Chronic wounds have failed to progress through a timely repair sequence or one that
proceeds through the wound-healing process without restoring anatomic and functional
results. Common examples include pressure ulcers, diabetic ulcers, vascular ulcers,... These
wounds cause pain and significantly impact patients' health, psychology, and finances,
while also placing a burden on healthcare facilities for treatment. Low-level laser therapy
has been proven to be an effective method for treating chronic wounds by accelerating the
inflammatory phase and stimulating proliferation and healing. However, to meet
therapeutic requirements, it is necessary to deliver the correct therapeutic dose (laser
energy density). This study establishes a computational model to calculate the absorption
and dispersion capabilities of lasers in skin tissue on the back and heel areas with various
levels of damage. The purpose is to aid in calculating treatment dosages, enhancing
effectiveness, and optimizing the treatment process for chronic wounds.

Keywords: Low level laser; Chronic wounds; Therapeutic dose.
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