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Radyoterapide Doz Dogrulugu

Istenilen Tedavinin uygulanmasi

U

Tanimlanan dozun DOGRU olarak verilmesi

U

Tedavi cihazinin mutlak kalibrasyonuna

BAGLIDIR
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Mutlak doz kalibrasyonu, ama nasil ?
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Mutlak doz kallbrasyonu ama nasil ?

SER KONU HAKKINDA Y KONU HAKKINDA |
SR(BILGISI OLMAYAN| = BILGISI OLAN
x"""“”:» S
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Mutlak Doz Kalibrasyonu

» Uluslararasi kuruluslar tarafindan yayinlanan ve
guncel protokollerin uygulanmasi TRS-398 (Rev1)

» Uygun ekipmanlarin secimi

» Kalibrasyon oncesi, belirtilen kosullarda 6lcim
dizeneginin kurulmasi
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TRS-398 (Rev1) (Technical Report Series) Subat 2024

Absorbed Dose

Determination in External
Beam Radiotherapy

An International Code of Practice
for Dosimetry Based on Standards of
Absorbed Dose To Water

Endorsed by the European Society for Radiotherapy and Oncology
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TRS - 398 (Revl)’ in Getirdigi Yenilikler

TABLE 7.1 REFERENCE CONDITIONS FOR THE DETERMINATION OF ELECTRON BEAM QUALITY (Rss)

In uantity Reference value or reference characteristics

Phantom mat for Ry =4 g cm™, water.

For Rss < 4 g cm®, water or plastic

Chamber type =~ 4 g cm”, plane-parallel or
For Ry = “, plane

Reference point of chamber for plane-paralle on the inner surface of the window at its centre.
For cylindig tral axis at the centre of the cavity volume

Position of reference point of
chamber

SSD
Fie

ne-parallel chambers, at the poin
For cylindrical chambers, 0.5 r,; deeper than 1

100 cm

at phantom surface  for Ry, =7 g em™, at least 10 cm x 10 cm.
For Rye= 7 gcm'z. at least 20 cm x 20 cm *

TABLE 18. REFERENCE CONDITIONS FOR THE DETERMINATION OF
THE ELECTRON BEAM QUALITY INDEX (R)

rest.

Influence quantity Reference value or reference characteristic
Phantom material Water
Chamber type For Rs; > 3 g/em?, plane parallel or eylindrical
For Rs; < 3 g/em’, plane parallel
Otomatik guncellemeler
Reference point of For plane parallel chambers, on the inner surface of the window
chamber at its centre® Q « <
For cylindrical chambers, on the central axis at the centre of the
cavity volume
Position of reference For plane parallel chambers, at the point of interest®
pomt of chamber For cylindrical chambers, 0.5r,,; deeper than the poimnt of
interest®

Source—surface distance 100 cm

Field size at phantom Atleast 10 cm % 10 cm
surface
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Mutlak Doz Kalibrasyonunda Kullanilacak Ekipmanlar

Fantom
Su Fantomu VS Plastik Fantom

TRS-398(Rev1) e gore mutlak kalibrasyonda, plastik fantom (kati
fantom) kullanimindan kac¢inilmalidir. Su fantomu kullaniimasi
gereklidir.

7.8. USE OF PLASTIC PHANTOMS

Commercial
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Mutlak Doz Kalibrasyonunda Kullanilacak
Ekipmanlar

Dedektor ve Elektrometre

Silindirik iyon odasi VS Paralel diizlem iyon odasi
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Mutlak Doz Kalibrasyonunda Kullanilacak Ekipmanlar

Dedektor '“
Ne

Rsog = 3 g/cm? (E, = 8 MeV) elektron enerjilerinde paralel IE>
dizlem ya da silindirik iyon odalarini

Reg < 3 g/cm? (E, < 8 MeV) elektron enerjilerinde ise IE> "
/4

sadece paralel dizlem iyon odalarinin kullanilmasini

tavsiye etmektedir. \

7.3.2. Measurement of beam quality

The reference conditions for the deternunation of R., are ziven in Table 18.

For beam qualities Rs, > 3 g/cm” (E, = 8 MeV)
a cylindrical chamber may be used. with the reference point positioned at the
riate depth. deeper than the point of interest in the phantom.®
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Mutlak Doz Kalibrasyonunda Kullanilacak Ekipmanlar

Dedektor

Features
b Perturbation-free, minimized polarity effect
Waterproof, wide cuard ring design

b Sensitive volume 0.35 cm?, vented to air

b Radioactive check device (option)

The 34001 Roos chamber is the golden standard for abso-
lute dose measurements in high-energy electron beams.
Modern dosimetry protocols refer to the chamber's design
and provide dosimetric correction factors. Its waterproof
design allows the chamber to be used in water or in solid
state phantoms. The Roos chamber is also well suited for
the measurement of high-energy photon depth dose
curves up to 2.5 mm below the water surface. The cham-
ber can be used for dose measurements of proton beams.

Specitication
Type of product vented plane parallel
ionization chamber

ace. [EC 60731

absolute dosimetry in
high-energy electron and
proton beams

Application

Roos Chamber
Type 34001

Waterproof plane parallel chamber for
absolute dosimetry in high-energy
electron and proton beams

Materials and measures:
Entrance window

Total window area density

Water-equivalent window
thickness

Guard ring width

| mm PMMA, 1.19 gfem?
0.02 mm graphite, 0.82 gfem’

0.1 mm varnish, 1.19 gfem?
132 mg/em?
1.3 mm

i "
depth 2 mm
4 mm

lon collection efficiency at nominal voltage:

lon collection time

Max. dose rate for
= 99,5 0% saturation
= 99,0 % saturation

Max. dose per pulse for
= 99.5 G saturation
= 99.0 % saturation

Useful ranges:
Chamber voltage

Radiation guality

125 ps

5.2 Gyfs
10.4 Gy/s

A6 mGy

0
0.9 mGy

+ (50 ... 300) V
(2 ... 45) MeV electrons

€a. MBem flex. g
o
A
o
— =
i P et *
T |
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e [ —
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Roos Chamber 34001
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Mutlak Doz Kalibrasyonunda Kullanilacak Ekipmanlar

Dedektor

Features
b Waterproof, semiflexible design for easy mounting in
scanning water phantoms

Minimized directional response

F Sensitive volume 0.125 cm?, vented fo air
b Radioactive check device (option)

The 31010 semiflexible chamber is the ideal compromise
between small size for reasonable spatial resolution and
large sensitive volume for precise dose measurements.
This makes the 31010 chamber to one of the most com-
monly used chambers in scanning water phantom sys-
tems. The chamber volume of 0.125 cm? gives enough
signal to use the chamber also for high precision absolute
dose measurements. The sensitive volume is approxima-
tely spherical resulting in a flat angular response and a
uniform spatial resolution along all three axes of a water
phantom.

Specification

Type of product vented cylindrical
ionization chamber

0.125 cm3 Semiflex

Chamber
Type 31010

Standard therapy chamber for
scanning systems and for absolute

dosimetry

Materials and measures:

Wall of sensitive volume

Total wall area density

Dimension of sensitive
volume

Central electrode
Build-up cap

0.55 mm PMMA,

1.19 gfem?
0.15 mm %mphilc__
0.82 glem

78 mg/em?

radius .75 mm
length 6.5 mm

Al 9998, diameter 1.1 mm
PMMA, thickness 3 mm

lon collection efficiency at nominal voltage:

lon collection time

Max. dose rate for
= 99.5 O saturation
2 99.0 O saturation

Max. dose per pulse for
= 99.5 O saturation
2 99.0 U saturation

Useful ranges:
Chamber voltage

100 ps

& Gyfs
12 Gyls

0.5 mGy
1.0 mGy

+ (100 ... 400) V

ta, lapprox) 13 m flex, 497 starr rigid _
£l 8,7
; i
- — —
s 8, el
-
12

o

_en
| #55

® 65

65

@152

0.125 cm? Semiflex Chamber 31010
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Isin Kalitesinin (R;,)Olctilmesi

Iyon Odasimin Tipi "R, > 3 g/cm? icin, paralel diizlem
ya da silindir
"R, < 3 g/cm?icin, paralel diizlem

iyon Odasin1 Referans »Paralel diizlem i¢in pencerenin i¢ ylizeyi

Noktasi ve merkezde
=Silindirik icin merkez eksen ve kavitenin
merkezi

iyon Odasinin Referans »Paralel diizlem i¢in ilgilenilen noktada

Noktasinin Yeri =Silindirik i¢in ilgilenen noktadan 0.5 r
daha derinde

SSD 100 cm

Fantom Yiizeyinde Alan En az 10x10

Boyutu

Tablo:1 Elektron enerjilerinde 1sin kalitesinin belirlenmesi icin referans kosullar

whzix
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Olciimlere baslamadan 6nce...

» Calisilacak ekipmanlarin  (su fantomu ve dozimetrik
ekipmanlar) élcum yapilacak cihaz odasina 2 glin oncesinde
alinmasi

» Oda sicakhiginin miimkuin oldugunca sabit degerde tutulmasi

» Su fantomu kurulduktan sonra iyon odasinin su icinde birkac
saat bekletilmesi

» Yuk dengesi saglanabilmesi acisindan iyon odasinin 2 Gy ile 5
Gy arasinda bir dozda 6n i1sinlanmaya tutulmasi
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lyon Odasinin Referans Noktasinin Yeri

Paralel Diizlem iyon odasi Silindirik iyon odasi

I

Ol¢iim
derinligi

™~

D),
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lyon Odasinin Referans Noktasinin Yeri
Silindirik lyon Odasi
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lyon Odasinin Referans Noktasinin Yeri
Silindirik lyon Odasi
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lyon Odasinin Referans Noktasinin Yeri

Paralel Dizlem lyon Odasi
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PDD... -PDD ddéniisiimii

100 -

80 -

60 -

PDD

40 -

PDD:

20

0 2 4 6 8 10 12 14 16
derinlik (cm)

half-value of the depth dose distribution in water Ry, i1s obtained using the
following relations*’ [168]:

1.029Rs);.,, —0.06 gem?  for Ry, < 10 g/em?

= 37
1.059R -0.37 g/lem® for R > 10 g/em? 37

50
50L10n

50.10n
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Parametrelerin Belirlenmesi

maksimum doz
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sudaki derinlik

Yeni Baslayanlar icin Kurs-l, 26.10.2024



Sogurulan Dozun Olciilmesi

Iyon Odasimin Tipi "R, = 3 g/cm? icin, paralel diizlem
ya da silindir
"R, < 3 g/em?icin, paralel diizlem

iyon Odasini Referans Noktasi1  *Paralel diizlem i¢in pencerenin ig¢ ylizeyi
ve merkezde

=Silindirik icin merkez eksen ve kavitenin

merkezi
Iyon Odasimmin Referans *Paralel diizlem i¢in z,.; de
Noktasinin Fantomdaki Yeri =Silindirik i¢in z ¢ den 0.5 r_,; daha
derinde
SSD 100 cm

Fantom Yiizeyinde Alan Boyutu 10x10
Olciim derinligi z_ 0.6 R, — 0.1 g/cm?

Tablo:2 Elektron enerjilerinde sogurulan dozun belirlenmesi icin referans kosullar

whzix
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Olciim Derinligi

Z..;= 0.6 R;p- 0.1 g/cm?

(Rsg nin birimi cm)
A Zref enerjiye bagl bir parametredir ve her enerji icin Rg,

kullanilarak ayri ayri hesaplanmalidir.
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Suda Sogurulan Dozun Hesaplanmasi

Dw,o = Mq x Kq,qp x Now.ag

MQ . Basinc-sicaklik ve yeniden birlesme faktorleri,
elektrometre kalibrasyon faktori ve polarite
etkisi ile dizeltilmis okiima dederi

Mg @ M X kqp X Ky X Kgjee X Kppg

Kqo, : Demet kalitesi Rgy’ ye ve kullanilan iyon

’ O - - 7 -
odasinin tipine bagh olarak protokolde verilen
deger (TRS 398 den bulunabilir)

ND’W’QO: Ikincil standart laboratuvarin belirlemis
oldugu kalibrasyon katsayisi
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Diizeltme Faktorleri
Basing, Sicaklik (k+p)

_ (2713.16+ TP,
-~ (273.2+Ty)P.

krp

T,: referans sicaklik degeri
(Genellikle 20 °C)

P, : referans basin¢ degeri
(Genellikle 1013 hPa)

4.4.3.1. Pressure, temperature and humidity

reference values (generally 101.3 kPa and 20°C).” The temperature of the air in
a chamber cavity should be taken to be that of the phantom. which should be
measured: this is not necessarily the same as the temperature of the surrounding
air.”® For measurements in a water phantom. the chamber waterproof sleeve (if

whzix
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Diizeltme Faktorleri

Polarite Diizeltme Faktori (k)

Isinlama kosullarini degistirmeden, polarize voltajin polaritesini
tersine cevirdigimizde farklh bir yik okumasi yapilr.

Yeni Baslayanlar igin Kurs-l, 26.10.2024



Diizeltme Faktorleri

Yeniden Birlesme Faktéri (k)

Isinlama kosullarini degistirmeden, nominal kullanilan voltaj degerinde (V) ve
bu degerin en az 1/3 un deki voltaj degerinde (V,) alinan 6lcimler sonucunda
elde edilen okumalar (sirasiyla, M, ve M,) kullanilarak hesaplanir.

Pulsed
Vi'Vs d aj az
2.0 2.337 -3.636 2299
2.5 1.474 -1.587 1.114
3.0 1.198 -0.875 0.677
3.5 1.080 -0.542 0463
4.0 1.022 -0.363 0.341
5.0 0.975 -0.188 0214
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Isin Kalitesi Diizeltme Faktéri
(kq,q,)

TABLE 20. CALCULATED F(Q VALUES® FOR ELECTRON BEAMS, FOR VARIOUS CHAMBER TYPES
CALIBRATED IN “Co GAMMA RADIATION, AS A FUNCTION OF BEAM QUALITY INDEX R,

B lity index. R fem?
Tonization eam quality index, Ry, (g/cm)

chamber type®

1.0° 1.4 2.0 2.5 30 35 4.0 4.5 5.0 3.5 6.0 7.0 8.0 10.0

PTW 34001 Roos 09743 09645 09518 09428 09349 09281 09222 09171 09127 09088 09055 09001 038960 03907

IBEANACP-02 09679 09580 09451 009360 09281 0.9214 09155 09104 095061 09023 0.89%0 085938 08899 0.5848
NE 2571 0.9297 09248 09210 09181 09157 009137 09121 09095 09075 0.9047
IBAFC65-G 09328 09279 09241 09210 09184 09163 09144 09114 09090 09055
Exradin A12 09353 09304 05264 059232 05205 009182 09163 09130 09104 0.9066
Exradin A19 09320 09273 09236 09205 09178 009156 09136 09103 09077 0.9036
PTW 30013 09300 09247 095210 09180 09155 009135 09118 09090 09068 0.9037
PTW 30012 09384 09331 09290 09257 09230 0.9207 09187 09156 09131 09094
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Suda Absorblanan Doz Kalibrasyon Katsayisi

(Npw,q0)

1QO

TURKIYE ENERJI, NUKLEER VE MADEN ARASTIRMA KURUMU
NUKLEER ENERJI ARASTIRMA ENSTITUSU
ISTANBUL YERLESKESI

Yarimburgaz Mah., Nokleer Aragtima Merkezi Yolu, No: 10, 34303, Kogbkgekmece/ISTANBUL
Tel: 490 (212) 4732600 Faks: +90 (212) 4732634 www.tack gov.tr, cnacm@tack gov.tr

SEKONDER STANDART DOZIMETRi LABORATUVARI

Kalibrasyon Sertifikast
Calibration Certificate
Sayfa 3/3
Page 3 of 3
Olgiim
Measurer

AB-0073-K

1969/245

29-09-2020
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Capraz Kalibrasyon
(Cross Calibration)

» Rutin olarak kullandigimiz paralel {\
dizlem iyon odalari, Co - 60 da c | /‘\
kalibre edilmis referans olarak kabul o |
edebilecedimiz bir iyon odasina karsi | = [ \
kalibre edilebilir. 5/ i

Q
A

> Sahip oldugumuz en yiiksek elektron
enerjisinde gerceklestirilir

Py 1
A I =T Rl

D . .
> Once referans iyon odasi ile dlciim ® = Y ca
Mgf 0.6R,,- 0.1 cm Mé
> Sonra ayni referans derinlikte ayni | -
yere paralel diizlem iyon odasi
yerlestirilerek 6lcim
Manaou
ref
N D,w,Qo" kn‘Quw.Qo
MxQuou
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Capraz Kalibrasyon

» Capraz kalibre edilen iyon odasinin herhangi bir
elektron enerjisi icin mutlak doz kalibrasyonunda

kullaniimasi
Dua=Ma Npwa, . *aa..
X
kX kQ=Qint
Q=Qcmss kx
QCFDSS'-‘Qiﬂt
koo ¢ icin gerekli degerler TRS-398 (Rev1) raporunda Tablo 21 de

Cross

bulunmaktadir.
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Plastik Fantomla Nasil Olciim Yapabiliriz

4.2.3. Phantoms

Water is the reference medium for measurements of absorbed dose for
medium energy X rays and photon, electron, proton and heavier ion beams.

Solid phantoms 1in slab form, such as polystyrene, PMMA, and certain
water equivalent plastics such as Solid Water, Plastic Water and Virtual Water
(see Refs [103, 104] except in the case
of low energy X rays, where a PMMA phantom 15 permifted. However, Ref. [12]
mentions the possibility of using solid phantoms for some treatment machines
where the use of water phantoms is impractical. In these situations, only a
water equivalent solid phantom material may be used for reference dosimetry
and for the measurement of beam quality indices.

Plastic (slab) phantoms can be used for routine quality assurance
measurements. provided that they have been suitably commissioned. This

Rutin kalite kontrol testleri icin kullanilabilir.
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Plastik Fantomla Nasil Olciim Yapabiliriz

Derinlik 6l¢me faktori (c,) ve aki 6l¢me faktori
(h,) hesaba katilmali.

Buna ek olarak, parallel dizlem iyon odasinin su
esdegeri on  pencere kalinhgr  dikkate
alinmalidir.

Z, = Zp, Cpf

c, Material dependent scaling factor to convert ranges and depths
measured in plastic phantoms nto the equivalent values in water. This

applies to electron, proton and light 1on beams *

M — M h Iy Material dependent charged particle fluence scaling factor to correct for
Q Q, Pf Pf the difference in fluence 1n plastic compared with that in water at an

equivalent depth.
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Plastik Fantomla Nasil Olciim Yapabiliriz

TABLE 23. VALUES FOR THE DEPTH SCALING FACTOR. c;. THE
FLUENCE SCALING FACTOR, hpl. AND THE NOMINAL DENSITY. p,;.
FOR CERTAIN PLASTICS

Plastic phantom Cpr” hy Pyl (g/cm’)
Solid Water HE (Sun Nuclear)® 0.964 1.000 1.03
Wite (Bart’s Health NHS Trust)® 0.973 0.999 1.04
Plastic Water (CIRS) 0.982 0.998 1.01
Virtual Water (Med-Cal)® 0.954 1.003 1.06
PMMA® 0.947 1.009 1.19
Clear polystyrene 0.930 1.026 1.06
White polystyrene® 0.933 1.019 1.06
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Plastik Fantomla Nasil Oclim Yapabiliriz

(46)

Note that /1, is depth dependent. being unity at the phantom surface and
increasing at larger depths. The values of /1 given in Table 23 are applicable in
the region around = to Z -

.....

Yeni Baslayanlar icin Kurs-l, 26.10.2024



Su Fantomu Olctimler ve Sonuclari
PDD

Silindirik iyon odasi hatall EPOM

7 a0
Depth [mm]
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Su Fantomu Olctimler ve Sonuclari
R50

Paralel Diizlem 2.38cm 3.60 cm 5.02 cm 6.31 cm 7.61 cm

Silindirik 2.33cm  3.59cm 5.02 cm 6.33 cm 7.50 cm

Silindirik

Hatah EPOM* 2-40cm  3.72cm 5.14 cm 6.45 cm 7.71 cm

Tablo:3 Farkh iyon odasu tipleri i¢cin R50 degerleri
*EPOM: Effective Point of Measurement

Yeni Baslayanlar icin Kurs-l, 26.10.2024



Su Fantomu Olctimler ve Sonuclari
Zref

Paralel Diizlem 1.33cm 2.06cm 2.01 cm 3.60 cm 4.47 cm
Silindirik 1.30cm 2.05cm 2.01 cm 3.70 cm 4.45 cm
Silindirik 3 3

Hatali EPOM* 1-38¢cm 213 cm 2.98 cm 3.77 cm 4.53 cm

Tablo:q4 Farkh iyon odasu tipleri icin Zref degerleri
* EPOM: Effective Point of Measurement
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Su Fantomu VS Plastik Fantom

Mutlak Doz

-

Su Fantomunda
Silindirik
Dogru EPOM
Su Fantomunda
Silindirik
EPOM 1.1mm hatali
Su Fantomunda
Paralel Diizlem
Co-60 Kalibrasyonlu
Su Fantomunda
Paralel Diizlem
Capraz Kalibrasyonlu
Kati Fantomda
Paralel Diizlem
Co-60 Kalibrasyonlu
Kati Fantomunda
Paralel Diizlem
Capraz Kalibrasyonlu

Tablo:5 Farkhfantom tipleri icin mutlak doz degerleri

1,014
1,016
1,016
1,011
1,013
1,008

1,005
1,005
1,009
1,003
0,999
0,994

0,990
0,988
0,998
0,992
0,984
0,979
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0,986
0,989
0,998
0,992
0,984
0,979

0,987
0,988
0,994
0,989
0,978
0,972



Ozet

» Homojen su fantomu ve parallel duzlem iyon odasi kullanarak ol¢iim sistemini kolaylastirabilir
ve herhangi bir kisitlamaya maruz kalmadan en dogru 6lcuimleri yapabilirsin

»  Kullanilan ekipmanlarin sahiE oldugu ozelliklerin iyi bilinmesi o&lcim dizenegi ve
hesaplamalarinda buyuk kolaylik saglayacaktir

» Homojen su fantomunda o6lcim alinirken dijital termometre ile suyun sicakhgr hesaba
katilirken; plastik fantomda olcim alinirken oda hava sicakliginin hesaba katilmasi 6lcim
dogrulugunu artiracaktir

»  TRS-398 i kilavuz edinerek bu bilgileri defalarca deneysel gerceklestirmek 6lcliim sirasinda hata
yapma olasiligini azaltacaktir

KUSURSUZ OLCUM YOKTUR,
ANCAK KUSURSUZ GLCUM iCiN
CABALAMAK HATAYI EN AZA
INDIRECEKTIR
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TESEKKURLER

@MHURIYET
BAYRAMI

Yeni Baslayanlar icin Kurs-l, 26.10.2024



	Slayt 1: Yeni Başlayanlar İçin Kurs-I,  26.10.2024
	Slayt 2
	Slayt 3
	Slayt 4
	Slayt 5
	Slayt 6
	Slayt 7
	Slayt 8
	Slayt 9
	Slayt 10
	Slayt 11
	Slayt 12
	Slayt 13
	Slayt 14
	Slayt 15
	Slayt 16
	Slayt 17
	Slayt 18
	Slayt 19
	Slayt 20
	Slayt 21
	Slayt 22
	Slayt 23
	Slayt 24
	Slayt 25
	Slayt 26
	Slayt 27
	Slayt 28
	Slayt 29
	Slayt 30
	Slayt 31
	Slayt 32
	Slayt 33
	Slayt 34
	Slayt 35
	Slayt 36
	Slayt 37
	Slayt 38
	Slayt 39
	Slayt 40

