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MEDICANA &

MLC QA ile ilgili AAPM Raporlari;

TG 50 Report: Basic applications of Multileaf Collimators (2001).

TG 142 Report: Quality assurance of medical accelerator (2009).

TG 119 Report: IMRT commissioning: Multiple institution planning
and dosimetry comparisons, areport from AAPM Task Group 119
(2009).

Ezzel et Al. : Guidance document on delivery, treatment planning,
and clinic implementation of IMRT: Report of the IMRT
subcommittee of the AAPM radiation therapy committee (2003).
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AN MLC QA ile ilgili Trkiye'den drnekler

doi: 10.5505/tjoncol.2013.568

DERLEME | REVIEW

Yogunluk ayarli radyoterapide kalite kontrol yontemleri

Quality assurance methods for intensity modulated radiotherapy
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MEDICANA =

AMAC: MLC Kalite Kontrolunun, IMRT
tedavisindeki rolunu ortaya ¢ikarmak.
Anlamak.

IMRT’de, MLC’lerin planlamadaki (TPS) ve
uygulamadaki (tedavi) farkliligi (degisimi)
Istenmeyen doz dagilimina neden olur.

HEDEF: Basarili bir MLC Kalite Kontrolu
programi
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MEDICANA &

LINAC BAZLI
IMRT

VMAT
MLC Hareketi

LINAC

Step and Shoot
Gantry Donusu

Dose Rate
Degisikligi

ve
Sliding Window
(80 ve 120 Leaf)

MLC QA
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MEDICANA =

* Degisken gantry hiz
0.5 — 4.8 derece/sn

» Degisken dose rate
— 0-600 MU/dk

e Derece basina degisen doz
— 0.2—-20 MU/derece

Degisken MLC Hiz1
— 0— 2.5cm/sn (5 mm/derece)
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TPS’'de IMRT Sireci;

[Optimizasyon | —
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TG 143’e gore MLC Testlert:

TaBLE V. Multileaf collimation (with differentiation of IMRT vs non-IMRT machines).

Procedure

Tolerance

Qualitative test (i.e., matched segments, aka “picket
fence™)

Setting vs radiation field for two patterns (non-IMRT)
Backup diaphragm settings (Elekta only)

Travel speed (IMRT)

Leaf position accuracy (IMRT)

MLC transmission (average of leaf and interleaf
transmission), all energies

Leaf position repeatability

MLC spoke shot

Coincidence of light field and x-ray field (all energies)
Segmental IMRT (step and shoot) test

Moving window IMRT (four cardinal gantry angles)

Veekly (IMRT machines)

Visual inspection for discernable deviations such as an
increase in interleaf transmission

2 mm
2 mm
Loss of leaf speed =0.5 cm/s
| mm for leaf positions of an IMRT field for four
cardinal gantry angles. (Picket fence test may be used,
test depends on clinical planning-segment size)

+0.5% from baseline

+1.0 mm
=1.0 mm radius
+2.0 mm
5 ¢m max. error RMS, 95% of error counts
<0.35 cm
5 c¢m max. error RMS, 95% of error counts
<0.35 cm
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MLC Kalite Kontrolu programina etki eden
faktorler:

Out-Put
MLC Pozisyon Hassasiyeti ve
Tekrarlanabllirlilik,
Dinamik Hareket Hassasiyeti,
Leaf Sizintisi (InterLeaf-IntralLeaf),
Tong and Grove Etkisi,
MU Lineerligi,
Penumbra,
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MEDICANA &

MLC QA: Out-Put

dMLC Out-Put ===} Statik Out-Put
dMLC Out-Put ‘ Gantry ve Kolimator

acilarina gore

Off-Axis: Lea
dMLC Out-Put ‘ hareketine dik

Off-Axis: Leaf
dMLC Out-Put mess) hareketine paralel
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MLC QA: Yercekimi Etkisi

QA for the Radiotherapy: Salih Arican M.Sc.( Sun Nuclear Corporotion) baghkh sunustan alimmugtir.
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QA for the Radiotherapy: Salih Arican M.Sc.( Sun Nuclear Corporotion) bashkh sunustan alinmugtir.
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MLC QA: Leaf pozisyonu belirsizligi

MLC Kalibrasyonu: Skew

I D O Y O O e

MLC
Kalibrasyonu:
Leaf Gap

Y Y

Tsik Radyasyon

%) e e AR Beah G e e &
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R R R PP o o e, 2 e e 2

MLC Kalibrasyonu: IsoLine
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-C QA: dIs: Dinamik Leaf Seperas
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MLC QA: Leaf gecirgenligi

Inter Leaf Gecirgenligi Intra Leaf Gecirgenligi

Transmission Transmisston

100%

[

10%

Figure 7. 650100 defiem & kapas and the effect of leaf
cross-sectiol

Figure 7. llwsmation e fect of leaf
cross-section shape on pe
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MEDICANA &

MLC QA: Leaf pozisyonu belirsizligi;
Picket Fence Testi

———

180° 270°

[ Blii%l% H
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QA: Leaf pozisyonu belirsizli
Picket Fence Testi

ASM Sonuclan
Test 1-2. RapidArc Siwresince MLC Error Tespiti-PicketFence Testi

Tek MLC ¢iftinde Imm sfrip yerine 1,5 mm
Tek MLC ljlfﬁ.':ldﬂ 0,5 mm gap kayduma
Amagc: RapidArc siiresince olasi hata tespifi

= ASMHastanesi
1,5 nun agiklik Deneyimi

Voliimetrik Ark Tedavisinde
Klinik Uygulama Oncesinde
Yapilmasi Gereken Kabul Testleri
Ve Hazirliklar

ANADOLU®

14. Medikal Fizik Kongresi: /“Mekanik MLC QA” / 21-24 Kasim 2013 / ANTALYA



C QA: Ledaf Hizi

Hatali

Uygun

14. Medikal Fizik Kongresi: /“Mekanik MLC QA” / 21-24 Kasim 2013 / ANTALYA



Coll =90° Coll = 270

. Field B
Field A
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Tong
and
Groove

Leaf
Sonu



MLC QA: Leaf pozisyonu belirsizligi

Piramit Testi

Leaf
Yonu

Leaf
Yonu
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MLC QA: Leaf pozisyonu belirsizligi

Synchronised Segmented Stripes Testi
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MLC QA: Leaf pozisyonu belirsizligi

» Leaf Pozisyonu iki bagimsiz mekanizma tarafindan
kontrol edilir.

a. Leaf motorunda bulunan encoder.

b. Carriage
— 540 counts = 1 mm of linear shift at isocenter

Leaf
— 707 counts =1 mm linear shift for full width leafs
— 512 counts = 1 mm linear shift for half width leafs at isocenter
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MLC QA: Leaf pozisyonu belirsizligi

 Secondary Feedback motor hareket sayimlari ile leaf’in
gercek pozisyonunu kontrol eder.
— Carriage

— Leaf Secondary Feedback — Her leaf ayaginda bulunan
Seramik bilyeler “Soft Potentiometer”e basing yaparak
durumunu bildirir.

— Interlock PRO/SPRO :MLC Kontrol mekanizmasi Soft Pot ile
Leaf Motor Encoder Sayimini mukayese eder.
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MLC QA: Leaf hizi hassasiyet

Leaf hizina etki eden faktorler:

1. Leaf aralarina kir veya yag birikmesi,
TEST. PWM Testi

1. Motoru olusturan parcalarda bozulma.
TEST. RMS Hata yuzdesi, ve Dynalog File
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MLC QA: Leaf hizi hassasiyeti:
(Puls Width Modulation) Testi

25 20110924_1316
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MLC QA: Leaf hizi hassasiyeti:
(Puls Width Modulation) Testl
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MLC QA: Leaf hizi hassasiyeti:
(Puls Width Modulation) Testi

-> diagLeafPWHMTescHlc

2B minimum PWM=s to

=

to crg.) before 2
Laaf 0 25
1) = :
a0z

A03 11

...iredundamt full l=af lines omitted to minimize displayed data)

Eger PWM testinde degerler full leafler icin < 12, veya half leafler icin < 22
ise, mudahaleye gerek yoktur.

Eger PWM testinde elde edilen degerler full ve half MLC’ler icin > 35 ise for
servis hizmeti gereklidir.

Eger 12-22< PWM test degerleri < 35 ise bu leaf’ler icin 6zel bir dikkat
gereklidir.

14. Medikal Fizik Kongresi: /“Mekanik MLC QA” / 21-24 Kasim 2013 / ANTALYA



MEDICANA =

MLC QA: Leaf hizI hassasiyeti:
Dynalog File

Error Histogram Plot = [E] ||t Error Histogram
] g E=REcR=RE g

Bin MNo. ] of Coun Per cent
- . - 0.00 0. [ 17196 |
Dynamic Leaf Deviation Histogram Values 2 0.005-<0.050

20,1645

60000 60000
50000 50000
40000 40000

30000 30000

20000 20000

Mumber of Counts

10000 10000

Bin Mumber
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MLC QA: Leaf hizI hassasiyeti:

Bin number

Range of leaf
deviation (at
isocenter) for
that bin

Number of
samples in that
bin

(sampled every
50 us)

Dynalog File

[M Error Histogram Data

i

s |

-

-

1 and above

[ e [ e [ e I e Y e [ e [ e [ e e

Cumulative
percentage
sum of all
samples

Percentage of
the total sample
counts in that bin
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MLC QA: Leaf hizI hassasiyeti:
Dynalog File

i Error RMS Plot

Dynamic Leaf Deviation RMS Values

LﬁError RMS Data EI = @

Leaf Mo, | Crg. & | Crg. B -
Average 0.045 0.048
M aximum 0.058
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.034 0.036
003z nn4z
0.027 0033
0032 0043
0.036 0.044
0.023 0.044
0.036 0043
0.042 0052
0.052 0.04g
0.058 0053
0.050 0.050
0.038 0.051
0.052 0.055
0.040 0.056
0.058 0.053
0.043 0.054
m [ 0.045 0.059
2 L 0.057 0.054

0056 0080
Leaf Number A AER nnEn ﬂ

Error RMS (cm.}
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MEDICANA

MLC QA: Leaf hizI hassasiyeti:
Dynalog File

Comarwe; ool Ceryiage  AIE Yol

‘ J..I'_-_. it

o e -rlr"il'l-F- et '- L I ] o
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MLC QA: Leaf hizi hassasiyeti:

Dynalog File

MLC RMS Error ve Dynalog File sonuclarinin
hastanin her tedavi fraksiyonunda benzer
olmasi beklenir.

Ancak, IMRT nin uygulamasinda kullanilan
parametrelerin yuksekligi (Soft veya Hard

IMRT) bu yapiy: etkiler. ILERI RADYOTERAPI

Acibadem Maslak Hastanesi IE KI\”KI—ER”\IDE
Deneyimi HASTA TEMELLI QC

GORKEM GUNGOR
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MLC QA: EYLEM PLANI

Published online before prigf June 6, 2012
The British Institute of Radiology, ddoi{ 10.1259/bjr/46195710

The British Journal of Radiology

A survey of the practice and management of radiotherapy linear
accelerator quality control in the United Kingdom

12A PALMER, Msc, MIPEM, 'J KEARTON, msc, mipEm and 'O HAYMAN, Msc, MIPEM

"Medical Physics Department, Queen Alexandra Hospital, Portsmouth Hospitals NHS Trust, Porf{mouth, UK, and *IPEM
South East Central Interdepartmental Audit Group, UK

Objectives: To determine current radiotherapy linear accelerator (linac) quality
control (QC) practice in the UK, as a comparative benchmark and indicator of
development needs, and to raise awareness of QCasa key,.r performance indicator.
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Table 5. Stated frequency of QC checks and percentage occcurrence within submitted physics department QC xhedulé, for
checks not included in IPEM Report 81 [7]

QT test Incleded in  Per Ciaviby Weekly Between Monthly Quarterly Annual
physics QC  patient woeekly o K-
schedul e aid i it by
it by

MWV imaging quality 43 % - 11% 11%
KV imaging isccheck and known shifts 22 % - -
MWEV imager collsion interlocks 9% - -
EVINMY image registration 9% -

K\ imager dose 9% 50% -
EVIMY imager movement calibration 39 % - 12%
MLC " picket fence™ film L2 % -

MLC positions in complex test fields 13% 4%

MLC carriage skew 13 % -

Output at different dose rates 13% -

Dynamic wedge profile 35 % -

i vive dosimetry check 26 Yo 17%

Table Eocentre motation & % 10%

Collimator posiicn with electron applicatos 4% 10%

Flm of matching fields 26 %%

Radiation and light alignment, asymmetric 30 %

IMRT point dose 30 %

1] P B LE I 0%

MLC sweep gap 40 % -
MLEC trawvel range 10% 100%
MLC trave| speed 19 % 20%
IMRT dose rate constanoy 10% - 100%
Radiation protection survey 8% - 100%:

50%

IMRT, intensity-modulated radictherapy; IPEM, Institute of Physics and Engineering in Medicine; kW, ; MLC, multileaf collimator;
MV, ; 0D, optical distance indicator; PDD, QC, quality control.
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atF_-d frequency of QC checks and percentage ococcumence within submitted physics department QC schedules
M EDlCANA T.IﬂEd in IPEM Report 81 |7l with comparison with previously recommended frequency

Bl ©, &-_Jr IPEM Report Induded  Daily Weeky Between Monthly Quartedy Ann

B1 in plhysics weeekly oF Six-

frequency  QC and mia rithly
schedul e ma nithil y

Qutput comstancy measurement Diaily 4B % & -

Light field size Diaily 52 % & -

Laser and crosswire alignment Diaily 52 % & -

Doorfmaze interdock Daily 61 %

oo Draily 48 %

Output “calibration measurement Weekly BT %

0D at different distances Weekly &l %

Pointers Weekly 57 %

‘Wedge factor Weekly 65 Yo & 6%

Flatness and symmetry at zem gantry angle 2-weekly 0% o -

Emergency off switches Monthly 30% -

Shielding tray interlock Monthly 17% & 25 %

Back-up timer interock Monthly 9% o -

Gantry and collimator rotation scales Monthly T %% o B6%

Light field dimension, vanous sizes Monthly 43 % & 10%

|socentre “quick" check Maonthly 43 % -

Table lateral and longitudinal scale Monthly 57 % B%

Table height scale hMonthly 52 % - = B%

Photon and electron energy, 2-depth measure  Monthly B3 % -

Radiation and light field alignment, at one size Monthly T %% o 12%

FALC Tear position, standard feld FMonthly 430 4 L

Faila OO o [ ] e 10 allg 15 & = CE LI arterTy V7] ] B0
Back-up dosimeter and timer Quarterly 23% o 33% -
Field size at extended distance Quarterly 30% BB % 14 %
Qutput vanation with gantry angle Quarterly 65% B0 % 13%
‘Wedge factor with gantry angle Quarterly 65% 3% 7%
Output for non-standard fields Ouarterly 52% B B% 3%
Flatness and symmetry non-zero gantry angle  Quarterly  61% B 36 % 21%
MLC stability with gantry rotation Quarterly 26% 67 % -
MLC leakage between leaves Quarterly 43% B0 10 %
Radianon 1socentre B-montily 35 %e BB T %
Calibration of constancy check device &-monthly  61% & 36 %% 7%
Linearity of dosimetry system &-monthly 78% 61 % 17%
Table deflection under load Annual 39 % 1% T8%
Isocentre “'definitive’’ check Annual 35% - 12% BE%
POD and profiles in 30 scanning water tank Annual 48 %% - - 100%
Field size reproducibility Annual Q%% - 50 %% 50 %

30, three-dimensicnal; IPEM, Institute of Physics and Engineering in Medicine; MLC, multileat collimator, OD, optical distance
indicator; FDD,; QC, quality control.
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MEDICANA &

SONUCLAR

1. MLC bazli IMRT uygulamasindaki
hatalar siklikla tehlikeli degildir.

2. Fakat siklikla gorulmeyen bazi hatalar
cok anlamli sorunlar yaratabillir.

3. MLC, 0Ozellikle dMLC ile birlikte fluence
degisiminin orkestrasyonu daime ileri bir
calisma gerektirir.
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MEDICANA &

SONUCLAR

3. Bu nedenle, uygulama hatalarinin
boyutunu gorebilmek icin, periyodik
yontemlere gereksinim vardir.
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