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TOI U MO HINH THONG LU'O'NG CHUM TIA TRUYEN
QUA HE CHUAN TRU’C PA LA ELEKTA MLCI2 CHO HE THONG
LAP KE HOACH TAI BENH VIEN PA KHOA LAM PONG
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Muc tiéu: Nhom k¥ su Bénh vién Pa khoa
Lam Dong nghién cau téi vu héa mo hinh hé
chuan truc MLCi2 trong hé thong lap ké hoach
diéu tri Monaco dé cai thién chat luong xa tri
bang may gia toc tuyén tinh Elekta Synergy.
Thiét bi va phwong phap: Nghién ctu sir dung
may gia toc tuyén tinh Elekta Synergy Voi
MLCi2, phan mém lap ké hoach xa tri Monaco
va h¢ dau do do lieu 2D MatriXX Resolution
(IBA). B ké hoach ¢am bao chét lugng Express
QA ctia Monaco chira 8 truong QA dé t6i wu hoa
m6 hinh MLC, véi phan tich chi s Gamma cho
8 ké hoach 1am sang. Két qua: Céc ké hoach 1am
sang sir dung md hinh téi vu dat ti 1& vuot qua
tiéu chi gamma 1%/1mm cao hon so véi md hinh
mic dinh. Két qua nay lam sang t6 su phd hop
ctia md hinh MLC t6i wu héa trong diéu tri 1am
sang. Két luan: Str dung ExpressQA dé kiém tra
MLC trude khi diéu tri 1a can thiét, va tiéu chi
gamma 1%/1mm quan trong dé danh gia su khéc
biét cia cac md hinh. Nghién ctu dé xuat tim
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hiéu thém cac thong s6 MLC va st dung thiét bi
QA c6 d6 phan giai cao hon.

Tir khoa: Elekta, Hé théng 1ap ké hoach diéu
tri, MLC, m6 hinh MLC, QA

SUMMARY
OPTIMIZATION OF THE MULTILEAF
COLLIMATOR MODEL FOR ELEKTA
MLCi2 SYSTEM IN MONACO
TREATMENT PLANNING SYSTEM AT
LAM DONG GENERAL HOSPITAL
Objective: The engineering team at Lam
Dong General Hospital conducted research to
optimize the multileaf collimator (MLC) model
MLCi2 in the Monaco treatment planning system
to enhance the quality of radiotherapy using the
Elekta Synergy linear accelerator. Equipment
and Methods: The study utilized the Elekta
Synergy linear accelerator with MLCi2, Monaco
treatment planning software, and the 2D
MatriXX Resolution (IBA) dose measurement
system. The Monaco Express QA quality
assurance plan comprised 8 QA fields to
optimize the MLC model, with Gamma analysis
for 8 clinical treatment plans. Results: Clinical
treatment plans using the optimized model
achieved a higher pass rate for the 1%/1mm
gamma criteria compared to the default model.
This result elucidates the suitability of the
optimized MLC model in clinical treatments.
Conclusion: Using ExpressQA to verify MLC
prior to treatment is imperative, and the 1%/1mm
gamma criteria are crucial for assessing
differences between models. The study suggests
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further exploration of MLC parameters and
employing higher resolution QA equipment.

Keywords: Elekta, Treatment planning
system, MLC, MLC model, QA

I. DAT VAN DE

Trong linh vuc Xa tri, muc tiéu chinh la
t6i uu hoa lidu lwong chiéu xa vao khéi u va
ddng thoi giam thiéu lidu luong vao cac co
quan khoe manh xung quanh. Dé dat duoc
muc tiéu nay, cac ky thuat xa tri nhu xa tri 2
chiéu (2D), 3 chiéu (3D), xa tri diéu bién
cuong d6 (IMRT), xa tri diéu bién thé tich
vong cung (VMAT),... dd dugc phat trién.
Céc ky thuat tién tién thuong mang lai hiéu
qua cao hon trong viéc dat dugc muc tiéu xa
tri. Mot bude dot phd quan trong trong linh
vuc nay la sy ra doi caa hé chuan tryc da 1a
(MLC). Cac 1a MLC cho phép dinh hinh linh
hoat truong chiéu xa dé phd hop véi hinh
dang cua khéi u, tir d6 gitip cac k¥ thuat nhu
IMRT va VMAT duoc trién khai mot cach
hiéu qua va chinh xac.

Su xuat hién cia MLC da mang lai nhiéu
loi ich quan trong trong diéu tri ung thu,
nhung ciing déng thoi tao ra nhiéu thach
thirc cho céc nha san xuat. Mot trong sé do6 1a
thoi gian tinh todn va tai nguyén may tinh
can thiét cho qué trinh 1ap ké hoach xa tri.
Pé giam thiéu thoi gian tinh toan, viéc mo
hinh héa cac 14 MLC théng qua céc thdng sb
dic trung 1a can thiét, vi viéc mé phong truc
tiép sy van chuyén buc xa qua MLC khong
phl hop trong diéu kién 1am sang. Bé dam
bao hiéu qua va an toan, viéc kiém tra va
diéu chinh mé hinh MLC trong hé thdng lap
ké hoach xa tri 1a bugc quan trong can dugc
thuc hién dang cach.

Nghién ciru nay tap trung vao viéc diéu
chinh céc théng s6 nhu “Leaf Offset” (tham

sd bu 14 - biéu thi su sai léch cua vi tri 14
thuc t& so véi vi tri danh dinh), “Leaf
Transmission” (ty 1& truyén qua 14) va “Leaf
Groove Width” (do réng ranh la) caa mod
hinh MLC, nhu mot phuong phap hiéu qua
dé t6i wu hoa sy phu hop gitra hé thdng lap
ké hoach va hé thdng gia téc, tir d6 cai thién
chat lwong diéu tri cho bénh nhan.

Il. THIET B| VA PHUO'NG PHAP NGHIEN CU'U

2.1. Thiét bj

2.1.1. Mdy gia téc va hé thong lip ké
hoach

May gia téc Synergy ctia Elekta voi hé
chuén true MLCi2 tai Bénh vién Pa khoa
Lam Déng su dung hé théng lap ké hoach
(TPS) diéu tri Monaco 6.1.1.0. Quy trinh
thuc hién nghién ctru bit ddu ngay sau cic
budc kiém tra dam bao chat luong (QA)
hang nam, tuan thu theo Quy chuan k¥ thuat
qudc gia va cac khuyén cdo, cac hudng dan
qudc té nhu TG-40 [1], TG142 [2], va dya
trén diéu kién co s& vat chat cung véi s lidu
thuc té tir bénh nhan tai khoa.

DPé dam bao hé théng MLC hoat dong on
dinh nhét trong thoi gian nghién ciru, chung
t6i st dung iViewGT va phin mém
AutoCAL 2.4 [3] dé kiém tra bd giéi han
chum tia (BLD) bao gdm hé théng MLC cua
may gia tdc.

2.1.2. Thiét bi do liéu MatriXX

Thiét bi do liéu MatriXX Resolution 2D
c6 kich thudce 25,3%25,3cm?, véi 1521 budng
ion hod, va c6 khoang cach giira tim mdi dau
do 1a 6,5 mm dugc st dung dé QA cac ké
hoach sau khi duoc hiéu chuan lidu tuyét déi
dinh ky va hiéu chuan mang theo hudng din
ctia nha san xuét.
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Hinh 1. H¢ ddu do MatrixX [5]

2.2. Phwong phap

2.2.1. GOi ExpressQA
Goi ExpressQA bao gom tam truong QA dugc md hinh héa theo cic khuyén nghi trong

AAPM TG-119 [5]. M6 ta cac trudng duge thé hién trong bang 1 dudi day.
Bang 2. Danh sach cac chum tia trong goi ExpessQAPlan danh cho may Elekta

MLCiz2 [6]

Céu hinh truong va muc dich Hinh dnh minh hoa

10 x 10 1a truong mé 10x10cm?, dung dé danh gia hiéu chuan liéu
tuyét doi va hiéu suat cta thiét bi QA.

20 x 20 1a truong mé 20x20 cm?, dung dé danh gia phan Gmg cia
thiét bi QA vdi truong 16n, d6 phang va d6 ddi ximg ciia chum tia.

3ABUT la ké hoach step-and-shoot don gian trong d6 3 segments
rong 6x24cm? lién tiép dugc khép véi nhau dé tao ra mot truong
thong nhat. Ké hoach nay duoc sir dung dé danh gia hiéu chuan
MLC va Leaf Offset.

7SEGA tuong tu nhu 3ABUT véi1 7 segments hep hon (rong 2cm)
tao ra 6 vi tri ndi tiép. Ké hoach nay duoc sir dung dé danh gia hiéu
chuin MLC va Leaf Offset.
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FOURL 1a ké hoach 4 segments hinh chit L 10ng vao nhau c¢6 kich
thudc nho dan. Truong nay dugc st dung dé kiém tra d6 1éch vj tri

14, kha nang truyén qua MLC, hiéu tmg tongue-and-groove va

chiéu rong ranh MLC.

DMLC] 14 ké hoach quét dong 10 cm, trudng rong 2 cm voi Jaw
mo kich thude 20x20, MLC mé kich thude 2x20 tir -10 dén +10,
gitip d4nh gia hiéu chuan MLC va Leaf Offset 16n va nho.

HIMRT va HDMLC la truong IMRT 33 segments dau c6. Muc
dich cua 2 truong nay 1a dénh gia tic dong cta cai dat thong sb
MLC trong tinh hudng 1am sang phtc tap trong viéc thuc hién ké
hoach 1an luot 12 Step and Shoot IMRT va DMLC - Dynamic MLC

IMRT.

2.2.2. Téi wu héa mé hinh MLC

Cac tham sd “Leaf Offset”, “Leaf
Transmission” va “Leaf Groove Width”
dugc t6i uu hoa vi vai trd quan trong trong
qua trinh hi¢u chinh va danh gia hi¢u suét
MLC Geometry, dugc mo ta trong hinh 3.
Trong do, Leaf Offset xac dinh sy chénh 1éch

Bing 3. Cdc thong sé dwoc téi wu

gitra vi tri 14 MLC theo quy udc va gia tri
thuc té dugc sit dung dé tinh liéu, Leaf
Transmission do ti 1€ birc xa truyén qua la,
va Leaf Groove Width xac dinh d6 rong cua
ranh 14. Gidi han, gia tri mac dinh, va gia tri
t6i uu cta cac tham sb nay dugc mé ta chi
tiét trong bang 2.

Théng sb Gi6i han Gia tri mic dinh Gia tri toi uu
Leaf Transmission 0.0001 > 1 0.0073 0.004
Leaf Groove Width (mm) 0>2 0.7 0.4
Leaf Offset (mm) -0.52>05 0 -0.02
Leaf Transmission : : Leaf Groove Width
: : -
[ [ A
'  Leaf !
—>|le— Ve
' offset |
|‘. /-’
Vi tri danh dinh

Hinh 2. Biéu dién 2D vé hinh hoc ciia mé hinh MLC trong Monaco TPS
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Céc tinh toan trén TPS cua cac truong
10x10, 20x20, 3ABUT, 7SEGA, FOURL,
DMLC @duoc thuc hién voi1 Grid Spacing 0.2
cm va Statistical Uncertainty 0.5% trén moi
diém kiém soat (Per Control Point). Céc
truong HIMRT, HDMLC va 8 ké hoach 1am
sang dugc tinh todn vdi Grid Spacing 0.3 cm
va Statistical Uncertainty 0.5% trén mdi
diém kiém soat, tudn theo khuyén cdo cia
Monaco khi st dung g6i ExpressQA.

Céc truong trong g6i ExpressQA dugc
tinh toan trén hé thong 1ap ké hoach dua trén
m6 hinh MLC mic dinh. Trudc hét, can xac
nhan rang thiét bi QA hoat dong binh thuong
bang cach phat truong 10x10, 20x20 trén
may gia toc va s dung MatriXX dé thu
nhan. Kiém tra hiéu chuén liéu tuyét ddi
dugc danh gia bang cach s dung trudng
10x10, va hoat dong cua céac dau do trong
thiét bi QA duoc kiém tra hiéu chuan mang
bang cach sir dung truong 20x20. Sau khi
xéac nhan thiét bi QA hoat dong 6n dinh, cac

truong 3ABUT, 7SEGA, FOURL, DMLC,
HIMRT, HDMLC tiép tuc dwoc phat tia va
thu nhan trén MatriXX.

D6i voi truong FOURL, chiing t6i chia
thanh 3 khu vuc dé thuc hién danh gia va
hiéu chinh tirng thong sb quan trong, dugc
danh s6 nhu trong hinh 3.

Thong s Leaf Transmission st dung khu
vuc 1 cua truong FOURL dé danh gia, noi
cac 14 MLC che chin chum tia ma khong co
jaw, sao cho duong profile trong khu vuc
nay phu hop véi két qua do. Thong sé Leaf
Groove Width dugc diéu chinh théng qua
viéc danh gia khu vuyc 2 sao cho dudng
profile y phu hop véi két qua do. Cac 1a
MLC trong khu vuc nay truot tur trai qua
phai, tao ra hi€éu ung ranh 14 rd rang. Thong
s Leaf Offset dugc diéu chinh thong qua
truong 3ABUT, 7SEGA, khu vuc 3 cua
truong FOURL, giéng nhu cac phép kiém tra
Picket Fence, sao cho duong profile x phu
hop voi két qua do.

Hinh 3. Phdn chia khu vwe phén tich dit ligu doi véi trwong FOURL
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Bang cach hiéu chinh ti mi cac thong sd
Leaf Transmission, Leaf Groove Width va
Leaf Offset, chung t6i da t6i wu hoa mé hinh
MLC dé tién hanh tinh toan céc truong con
lai va so sanh véi liéu phat thuc té bang tiéu
chi gamma 1%/1mm, 2%/2mm va 3%/3mm
[7].

8 truong hgp lam sang dugc tinh toan
lidu lwong v6i mo hinh mic dinh va mé hinh
t6i wu sir dung cung thong sé RT Plan. Két
qua duoc so sanh voi dir liéu thuc té dé danh
gi4 tinh pht hop cia md hinh téi wu bang 03
tiéu chi gamma ndi trén.

Il. KET QUA VA THAO LUAN

Két qua do trén truong 10x10 (hinh 4),
chi chénh I¢ch 0.017c¢Gy so véi tinh toan,
gan nhu khong dang ké (xap xi 0.02%). Khi
ap dung truong 20x20 (hinh 5), tit ca cac
dau do trén thiét bi déu dap tng t6t va dong
déu, minh chung cho tinh on dinh va tin cay

ctia thiét bi dé c6 thé thuc hién cic phép
kiém tra tiép theo, dam bao tinh chinh xéc
gitra két qua tinh toan va do dac thuc té.

Céac thong s Leaf Transmission, Leaf
Groove Width, Leaf Offset sau khi dwoc tdi
wu déu cho thiy su phi hop hon so véi cai
dat mac dinh (hinh 6, hinh 7, hinh 8, hinh 9,
hinh 10). Diéu nay cho thy rang viéc tinh
chinh cac théng s k¥ thuat 1a can thiét dé t6i
vu hoa hoat dong cua hé théng va ning cao
hi€u qua lam vi¢c cua vi¢c xa tri.

Cac truong 3ABUT, 7SEGA, FOURL,
DMLC, HIMRT, HDMLC va 8 ké hoach
lam sang da dugc tinh toan, do dac va danh
gia bang cach st dung m6 hinh MLC mic
dinh va mé hinh MLC t6i uu véi cling thong
s6 RT Plan. Két qua cua viéc so sanh voi
phép do thyc té di duoc thuc hién va danh
gia dua trén ti€u chi gamma véi cac ngudng
1%/1mm, 2%/2mm, va 3%/3mm.

[Reference] Integral 28/02/2024 14:49:39.81 | E] Signal [66y] e .
¥[mm] . < E E] = g N .
- f \ mainde:] of
- R =
1 5 | |
== | I
= @] f \
= |
[ E] 20 ‘\ |
. | |
r p //’ AN .
150 -150 - TriDC ‘—50 [} '50 1;0_
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Hinh 4. Kiém tra hiéu chuén liéu tuyét doi siv dung trwong 10x10
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[Reference] Integral 29/02/2024 11:44:43.10 o
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Hinh 5. Két qud do sir dung MatriXX cho truong 20x20 dé kiem tra hiéu chudn mdng
Signal [%] Signal [%]

% ) ) '5‘31 . ) ® ) % ) ) V[rﬁ:m] o % ] %

Hinh 6. Profile khu vwc 1 cia truong FOURL truwdc (phdi) va sau (trdi) khi toi wu
Leaf Transmission
Signal [%] Signal [%]
“ oo PR /‘\’ " I - -
S ’//:(- b \ -~ 2oy robgee, °o° cey, e @\'; oL

g \g». y e Sy / N . - . (‘.'/k{\;::_; "o ,‘V .

i ‘\ 7 - R
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t _ | i i ‘ o ) 1 _ ‘ I I ‘ y

Hinh 7. Profile y khu vuee 2 ciia trwong FOURL truwéc (phdi) va sau (trdi) khi toi wu
Leaf Groove Width

Lo
Yimm]
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Hinh 8. Prof' ile x cua trmrng 3ABUT truoc (phal) va sau (trat) khl toz wu Leaf Offset

Signal [%]
L

signal [%]

s
X [mm]

x[mm]

Hinh 9. Prof' le x khu vwe 3 ciia trwong FOURL truwdce (phdi) va sau (trdi) khi t6i wu Leaf
Offset

LS u" A -f_‘g\ i ,“; '. - Iy .
B O .,_
- hag ‘@"\

[m]

Signal [o6y]

101031 cGy

]
X [mrm]

Hinh 10. Prof ile x cuia trwong 7SEGA trudc (phat) va sau (trdi) khi t6i wu Leaf Offset

Cic két qua chi tiét dugc ghi nhan va
trinh bay trong bang 3 va bang 4 cung cip
cai nhin tong quan vé hidu suit cia cac
truong va ké hoach 1am sang trong nghién
clru nay.

Céac truong 3ABUT, 7SEGA, FOURL,
DMLC, HIMRT, HDMLC cung 8 ké hoach
1am sang khac déu cho thiy kha ning vuot
qua ti€u chi gamma 1%/Imm cua mo6 hinh
MLC tbi vu cao hon so v4i md hinh mic
dinh. Néu xét riéng 8 ké hoach 1am sang, mo
hinh t6i wu cho thay sy phu hop véi phép do
thuc t& hon md hinh mic dinh 11.46+8.79%,

dugc thé hién chi tiét trong bang 5. Ddi voi
tiéu chi gamma 2%/2mm va 3%/3mm, hau
hét cac mo hinh MLC t8i wu déu vuot trdi so
vl mO hinh mac dinh, tror truong hop cua
HDMLC va bénh nhan 1, khi két qua cua mo
hinh MLC t6i wu c¢6 phan thiap hon khong
dang ké so v6i mo hinh mic dinh (thip hon
0.1%) khi so sanh véi tiéu chi 3%/3mm.

Viéc su dung cac truong FOURL,
3ABUT, 7SEGA dé diéu chinh ba théng sé
Leaf Transmission, Leaf Groove Width va
Leaf Offset da ching minh hiéu qua trong
viéc t6i wu hoa két qua ciia mo hinh.

345



HOI UNG THU VIET NAM — HOI THAO PHONG CHONG UNG THU THANH PHO HAI PHONG LAN THU VI

Bing 4. Két qud tinh todn truwdc va sau khi toi wu mé hinh MLC déi véi g6i ExpressQA

(%)
STT Gamma 1%/1mm' 2%/2mm’ 3%/3mm :
Truong Mac dinh | Toi wu | Mac dinh | Toiwu | Mac dinh | Toi wu
1 3ABUT 47.0 84.2 92.0 98.3 99.9 99.9
2 7SEGA 40.9 58.5 64.2 76.2 99.0 99.7
3 FOURL 65.1 94.2 95.0 99.8 99.7 100
4 DMLC 40.7 66.8 50.6 96.7 71.2 100
5 HIMRT 74.1 79.5 96.6 97.1 99.5 99.6
6 HDMLC 86.8 89.5 97.9 97.8 99.4 99.3
Bing 5. Két qua tinh todn trwéc va sau khi toi wu mé hinh MLC déi véi mét sé ca lim
sang
Gamma  1%/1mm 2%/2mm 3%/3mm Sw cai thién
STT Mac Téi wu Mac Téi wu Mac Téi wu 6 tiéu chi
Trudng dinh dinh dinh 1%/1mm
1 Truc trang 1 66.6 | 752 | 974 | 97.3 | 100.0 | 100.0 8.6
2 Tryc trang 2 510 | 79.1 | 928 | 98.2 | 98.9 99.4 28.1
3 Tryc trang 3 653 | 69.8 | 969 | 97.7 | 99.9 99.9 4.5
4 Tuyéntiénliét | 66.0 | 850 | 98.4 | 99.6 | 100.0 | 100.0 19
5 Thuc quan 724 | 91.3 | 97.4 | 99.7 | 100.0 | 100.0 18.9
6 Pau ¢o 59.8 | 65.8 | 809 | 829 | 953 98.1 6
7 V( 609 | 665 | 826 | 90.3 | 95.1 98.5 5.6
8 Phoi 916 | 92.6 | 99.5 | 99.5 | 100.0 | 100.0 1
Su cai thién caa mé hinh t6i wu so véi mod hinh méac dinh 11.46+8.79%
IV. KET LUAN c6 d6 phan giai cao dé tang do chinh xac

Str dung gbi ExpressQA dé kiém tra
MLC 1a buéc quan trong dé danh gia tinh
chat cua hé théng MLC trén ting may gia
téc cling nhu diéu chinh cac théng sé MLC
khi can thiét. Panh gia MLC theo tiéu chi
gamma chit ché 1%/1mm la can thiét dé
nhan biét sy khac biét. Pé téi wu héa mod
hinh MLC, can xem xét cac thdng sé khac
cia MLC cing véi viéc str dung thiét bi QA

346

trong qua trinh danh gia.

Nghién ciu nay nhan manh su can thiét
cua viéc kiém tra dam bao chét luong trudc
khi bat dau cac ky thuat IMRT va VMAT,
cling nhu sau méi sira chira, thong qua viéc
su dung Express QA va TG 119. Cac thay
d6i nho trong cac tham sé6 MLC nhu Leaf
Transmission, Leaf Groove Width va Leaf
Offset trong md hinh TPS c6 thé din dén
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bién dong dang ké vé lidu luong tinh toan.
DPé xuit mdi co s& xa tri thuc hién kiém tra
Express QA hang nim dé dam bao tinh 4n
dinh cua cac thong sé6 MLC theo thoi gian.

V. KIEN NGH|

Cac huéng nghién cuu tiép theo ma
nhém nghién ciru d& xuit bao gém:

- Khao sat cho muc nang lugng 15MV;

- Sir dung thiét bj do liéu c6 do phan giai
cao hon dé cai thién chat luong so sanh di
liéu thu thap vai di liéu tinh toan;

- Thyc hién téi vu méd hinh MLC véi
nhiéu thdng sé hon, nhu Interleaf Leakage va
Leaftip Leakage;

- Nghién ctitu méi lién hé giira céc thong
s6 caa md hinh MLC khi chi thay d6i mot
thong sb trong md hinh mac dinh;

- Nghién ctru phuong phéap tim thong s6
t6i wu hoa cua mdé hinh MLC bang dinh
luong;

- Khao sat anh huéng mo hinh RED cua
phantom trén TPS.
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