KLINIKTE Now ILE FOTON HUZMELERININ

ABSORBE DOZ KALIBRASYONU

DOC.DR.ISMAIL OZBAY
[.U.ONKOLOJI ENSTITUSU



Suda absorbe doz tayini :

Q, referans kalitesinde N, 5, kalibrasyon faktorli
bir 1yon odasi ile referans sartlarda kullanici :

Do = Mg Np 00 on

Formiilii ile suda absorbe dozu 6lgebilir.My,, dozu
etkileyen faktorleri (k;) i¢erir. ky, 5, Q ve Q. farkls
oldugunda kullanilir.Su ge¢irmez kilif etkisi dikkate
alinir. Olcii 6ncesi s1zint1 kontrolu yapilir. Dozu
etkileyen faktorler referans sartlardan farkli ise,
diizeltme yapilir.



Bunlar, basing, sicaklik ve nemlilik:

P (273.2 +T)F,
N (273.2+T,)P
Nemlilik %20-%80 arasinda ise diizeltme gerckmez.

Co-60 i¢in k,=0.997 dir.




Polarite etkisl icin :

K = M, +M_
pol A\




[yon rekombinasyon i¢in :
k. = a, +a,(M,/M,) + a,(M,/M,)?

K, < 1.03 Ise asagidaki formiilu kullanarak
diizeltme yaklasik % 0.1 i¢cindedir.

M,/M, —1

ks: V,/V, -1



Co0-60 Gamma Huzmelerinin Kalibrasyonu

1.1 — Genel formiil

Referans huzme Co-601se;: D D

wQ= "w!'
kQ,QO = kQ
ND,W,QO — ND,W

olarak 1fade edilir.



Referans sartlarda absorbe doz:

Su fantomunda z referans derinlikte 1yon odas:
yoklugunda :

wW

D, =MNp,
M= Referans sartlarda etkileyen faktorler basing ve sicaklik
elektrometre  kalibrasyon, polarite etkisi ve Iyon

rekombinasyon diizeltmeleri yapilmis olarak dozimetre
okumasi

Np,, = Referans huzme Co-60 huzmesi ile kalibrasyon
faktoru



Tablo 1.C0-60 gamma huzmelerinde suda absorbe doz tayini i¢in referans sartlar
Referans deger veya karakteristikler

Fantom materyali Su

Iyon odas: tipi Silindirik veya plan paralel

Olgii derinligi z, 5 g/cm? (veya 10 g/cm?2)?

Iyon odasi referans Silindirik iyon odalari icin, merkezi eksen

noktasi uizerinde kavite volimiiniin ortasi, plan
Paralelde pencere i¢ yiizeyi ortasinda

Iyon odasi referans Z . Ol¢ii derinliginde

nokta pozisyonu

SSD veya SCD 80 cm veya 100 cmP

Alan ebadi 10 x 10 cm®

a) ESTRO-IAEA foton huzmeleri MU hesaplamalari raporlarinda tek referans
derinlik olarak tavsiye edilmektedir. Ancak, bazi kullanicilar Co-
60 huzmelerinde 5 g/cm? yi kullandiklarindan, bu raporda her ikisine de yer
verilmistir,

b) Klinik tedavilerde kullanilan referans SSD veya SCD kullanilir.

c) SSD tipte alan fantom yiizeyinde tanimlanir. SCD tipte, cihaz izomerkezinde
su fantomunda ref. ol¢ii derinligindeki ion odas1 diizleminde tanimlanir.



1.2.z_ .. taabsorbe doz

Klinik dozimetri hesaplarinda gerektigi i¢in z_. ‘da
absorbe dozun hesaplanmasi gerekir. Bunun icin SS
set up’ta ol¢iilen %DD ve SAD set up’ta olciilen TM

kullanilir.

K|




1.3 - Alan 1yon odalarimin kros kalibrasyonu

Klinikte kullanilan giinliik alan ion odalar1, Co-60’ta kalibre edilmis
referans ion odasina kars1 kalibre edilebilir.Bunun i¢in su fantomunda
Once referans ion odasi ile 6lcii alinir. Sonra ayni referans derinlikte
ayni yere alan ion odasi yerlestirilerek 6l¢ti alinir.




1.4 -Non referans sartlarda olciiler

Klinik dozimetride merkezi %DD, TPR, TMR, 1zodoz
dagilimlari, transvers profiller ve output faktorlerinin
Olciilmesi gerekir.



1.4.1 - %DD olculeri :

e  Silindirik iyon odas1 kullanilirsa efektif 6l¢li noktasi
dikkate alinmali. Bu durumda %DD dagilimlar1 0.6 1
ylizeye dogru kayar

o Plan paralel iyon odalar1 tavsiye edilir

o Build up bolgesi olciileri icin, plan paralel veya
extrapolasyon iyon odalarinin kullanilmasi tavsiye edilir.



1.4.2 -Out put faktorleri

Olgiiler, maximum doz noktasinda veya referans derinlikte yapulir.
%DD veya TMR verleri kullanilir.Wedge o6lciilerinde dedektor ebadi
wedge yoniinde miimkiin oldugu kadar kiiciik olmalidir.Aks1 wedge
yoniine dik olacak sekilde kiiciik timble 1yon odalar1 uygundur.



5.8. WORKSHEET

Determination of the absorbed dose to water in a °“Co ¥y ray beam

Date:

User:

1. Radiation treatment unit and reference conditions for D determination

SOCo therapy unit:

Reference phantom: water - Set-up: 3 SSD a3 sSAD
Reference field size: — 103310  cm3<con Reference distance: cm
Reference depth =, - 2/fcm”

2. Ionization chamber and electrometer

Sernal No.: Type: 33 cyl 3 pp

Ionization chamber model:

Chamber wall/window material: thickness: sfcm=

Waterproof sleeve/cover material: thickness: g/fcm~

Phantom window material: thickness: gl/cm-

Absorbed dose to water calibration factor ~V,, = O Gy/nC 33 Gy/rdg

Reference condituons for calibration £ : kPa I : “C Rel. hbumidity: e

Polarizing potential V: V' Calibration polarity: O +ve 1 —ve L3 corrected for polarity
User polarity: 3 +ve 3 —ve SF¥sce

Calibraunon laboratory: Date:

Sernal No.:

Electrometer miodel:
Calibrated separately from chamber: 3} ves 1 no

Range seiuing:

If ves. calibration laboratory: Date:
3. Deosimeter reading® and correction for influence guantities
Uncorrected dosimeter reading at V| and user polarity: I nC 3 rdg
Corresponding time: min
Rartio of dosimeter reading and time®: MM, = O nC/min OO rdg/min
(1) Pressure P: 2= kPa Temperature 7 . == Rel. humidity (if known): e
(T3 2Ty
CZ73:2 4T P
(i1) Elecwrometer calibration factors &_,__: O nCr/dg 2 dimensionless &k_ =
(i1i) Polarity correction9 ) rdg at + V: M _= rdg at —V,;: Af =
= _ar | +jar_|
PRI 2A7 =
(iv) Recombinauon correction (two voltage method)
V5, (reduced) = v

Polarizing voltages: V|, (normal) = v =




Readings® at each V: M, = M, =
Volitage ratio V /V, = - Raflo of readings M /AT, =

(Vxlvz)z—l

k, = 2 -
(V1 I1V2)2 — (M, /M)

-~

Corrected dosimeter reading at the voltage V:

M = M thkppk o koo k, = 2 nC/min 2 rdg/min

4. Absorbed dose rate to water at the reference depth z__,
D (Z ¢g) =MNgp = Gy/min

5. Absorbed dose rate to water at the depth of dose maximum z

TTRax
Depth of dose maximum: = = 0.5 - g/fcm?
(1) SSD set-up
Percentage depth dose at z__, fora 10 cm x 10 cm field size: PDD (z__,= g/cem?) = Go
Absorbed dose rate calibration at = _ _°
D (z.x) =100 D _(z HWPDD{(z o) = Gy/min
(i1) SAD set-up
TMR at =__fora 10 cm x< 10 cm field size: TMR (= = g/cm?) =
Absorbed dose rate calibration at = _ -
D (z ux) =D (2 HITMR (Z__¢) = Gy/min

“ All readings should be checked for leakage and corrected if necessary.
® The timer error should be taken into account. The correction at voltage V, can be determined according to

Af , is the integrated reading in a uime 7, M, = L, = min
M . 1s the integrated reading in n short exposures
of time 7y/n each (2 =72 < 5) A, = Iy = min yr=
-

.MBIA—M_,‘ ',m e
nMo—Mg

Timer error, T =

min (the sign of T must be taken into account)

M.—\ ———

M, =
T g T

3 nC/min 3 rdg/min

< If the electrometer is not calibrated separately set &_, . = 1.

4 Af in the denominator of kpo, denotes reading at the user polarity. Preferably, each reading in the equatuon
should be the average of the ratios of M (or M _ or M _) to the reading of an external monitor, Af__ .

€ Swurictly, readings should be corrected for polarity effect (average with both polarities). Preferably. each
reading in the equation should be the average of the ratios of M|, or M, 10 the reading of an external
monitor, M_ .

"It 1s assumed that the calibration laboratory has performed a recombination correction. Otherwise the
factor & = k Ik, o should be used instead of £_. When Q_ is ““Co. k"Q‘ (at the calibration laboratory ) will
normally be close 1o unity and the effect of not using this equation wiil be negligible 1in most cases.



2. Yuksek Enerji Foton Huzmelerinin
Kalibrasyonu



2.1 - Genel

Bu rapor 1 — 50 MeV arasindaki foton enerjilerine uygulanr.
[on odast kalibrasyonu i¢in referans huzme genelde Co-60 tir.
Baz1 PSDL diger foton huzme kalitelerinde kalibrasyon faktorleri saglar.

Referans kalite Q, Co-60 oldugunda K, o, Kolarak, Ny, o, Np .,
olarak ifade edilir. K, o, veya K direkt olarak elde edilememisse
hesaplanmis degerleri kullanilabilir.

Huzme kalite indeksi olarak TPR,, ,, kullanilir. TPR,; ;o un
deneysel tayini i¢in referans sartlar tablo 2 de verilmektedir.

TPR,, 1o teorik olarak hesaplanabilir veya deneysel olarak 6lgiilebilir.
Teorik olarak TPR, 4

TPR, 10 = 1.2661 PDD,, ,, —0,0595



Tablo 2. Foton huzme kalitesi (TPR,, ,,) tayini igin referans sartlar

Referans deger veya karakteristikleri

Fantom materyali Su

Iyon odast tipi Silindirik veya plan paralel

Olgii derinligi z,, 20 g/cm? ve 10 g/ cm?)

Iyon odasi referans Silindirik ion odalari i¢in, merkezi eksen

noktasi iizerinde kavite voliimiiniin ortasi, plan
paralelde pencere i¢ yiizeyi ortasinda

Iyon odasi referans Z,.¢ Ol¢ii derinliginde

nokta pozisyonu

SCD 100 cm

Alan ebadi 10 x 10 cm?

a) Su fantomunda tavsiye edilen 6l¢ii derinliginde, 1yon odasi referans olcii noktasi
diizleminde tanimlanir.



2.2 - Referans sartlarda absorbe doz tayini

Referans sartlar tablo 3 de gosterilmistir. Suda z . referans
derinlikte Q huzme kalitesi i¢cin absorbe doz :

Dyo = MQND,W,onQ,Qo

M= Biitiin diizeltmeler yapilmis olarak dozimetre okumasi

Np.w0o = Q, referans huzme kalitesinde olarak kalibrasyon faktorii

Ko.oo= Qo ve Q huzme kaliteleri ar.a_smdaki farktan dolayi diizeltme
icin Iyon odasina 6zel spesifik faktor.



Tablo 3. Yiiksek enerji foton huzmelerinde suda ab. doz tayini i¢in referans sartlar
Referans deger veya karakteristikleri

Fantom materyali Su

Iyon odas: tipi Silindirik

Olgii derinligi z, TPR,, 10 < 0.7, 10 g/cm? ( veya 5 g/cm?)?
TPR,, 40> 0.7, 10 g/cm?

Iyon odasi referans Merkezi eksen uzerinde kavite volimiuniin

noktasi ortasi

Iyon odasi referans z . Olcii derinliginde

nokta pozisyonu

SSD / SCD 100 cm

Alan ebadi 10 x 10 cmP

a)ESTRO- IAEA foton huzmeleri MU hesaplamalari raporlarinda tek referans
derinlik olarak tavsiye edilmektedir. Ancak, bazi kullanicilar Co-
60 huzmelerinde 5 g/cm? yi kullandiklarindan, bu raporda her ikisine de yer
verilmistir.

b)SSD tipte alan fantom yiizeyinde tanimlanir. SCD tipte, cihaz izomerkezinde su
fantomunda ref. 6l¢ii derinligindeki 1iyon odasi diizleminde tanimlanar.



2.3 -z . taabsorbe doz

%DD, TMR veya TPR verileri kullanilir.



2.4 - K o, degerleri



2.4.1 -lon odas1 Co-60 ile kalibre edilmisse :

Q ( ) huzme kaliteleri ve ¢esitli Iyon odalar i¢in,
Ko degerleri IAEA report 398 de tablo 14 te verilmistir
Tabloda olmayan ara degerler interpolasyonla elde
edilebilir. Stopping power ve perturbasyon faktorleri
kullanilarak ta k,, degerleri hesaplanabilir..



TABLE 14. CALCULATED VALUES OF k, FOR HIGH ENERGY PHOTON BEAMS FOR VARIOUS CYLINDRICAL
IONIZATION CHAMBERS AS A FUNCTION OF BEAM QUALITY TPR,, |, (adapted from Andreo [20])

Beam quality TPR,,

lomization chamber type”
050 053 056 059 062 065 068 070 072 074 076 078 080 08 084
Capintec PR-OSP mini 1004 1003 1002 1001 1000 0998 099 0994 0991 0987 0983 0975 0968 0960 09049
Capintec PR-05 mini 1004 1003 1002 1001 1000 0998 099 0994 0991 0987 0983 0975 0968 0960 0949
Capintec PR-O6C/G LOO1 1001 1000 0998 0998 0995 0992 0990 0988 098 0980 0972 0965 00956 0944
Farmer

Exradin A2 Spokas 1001 1001 1001 1000 0999 0997 099 0994 0992 0989 098 0979 0971 0962 0949
Exradin T2 Spokas LOOZ 1001 0999 0996 0993 0988 0984 0980 0977 0973 0969 0962 0954 0946 0.934

Exradin Al mini Shonka ~ 1.002 1002 1.001 1000 1000 0998 0996 0994 0991 098 0982 0974 0966 0957 0945
Exradin T] mini Shonka ~ 1.003 1001 0999 0996 0993 0988 0984 0980 0975 0970 0965 0957 0949 0942 0930

Exradin A12 Farmer LOOL 1001 1000 1.000 0999 0997 0994 0992 0990 098 098] 0974 0966 0957 0944
Far West Tech. IC-18 1005 1003 1.000 0997 0993 0988 0983 0979 0976 0971 0966 0959 0953 0945 0934
FZH TK 0§ 1002 1001 1000 0998 0996 0993 0990 0987 0984 0980 0975 0968 0.960 0952 0939

Nuclear Assoc. 30-750 1001 1001 1000 0999 0998 099 0994 0991 0988 0984 0979 0971 0963 0954 0941
Nuclear Assoc. 30-749 LOOT  LOOO 1000 0999 0998 0996 0994 0992 0989 0984 0980 0972 0964 0,956 0942
Nuclear Assoc, 30.744 1001 1000 1.000 0999 0998 0996 0994 0992 0989 00984 0980 0972 0964 0956 0942
Nuclear Assoc. 30-716 LOOL 1000 1.000 0999 0998 0996 0994 0992 0989 0984 0980 0972 0964 0956 0.942
Nuclear Assoc. 30-753 1001 1000 1000 0999 0998 0996 0994 0992 0989 0985 0980 0973 0965 0956 098
Farmer shortened
Nuclear Assoc, 30-751 1002 1002 1000 0999 0997 0994 0991 0989 0985 0981 0977 0969 0961 0953 0940
Farmer
Nuclear Assoc. 30-752 LO4 1003 LOON 1000 0998 099 0993 0991 0989 0985 098] 0974 0.967 0.959 0947

...-..‘..~.--.-..-.-----'--.....-.---------»-...-.--o--.....-o-o.-.-.---.-.o---..........‘...--.-.-.-......--....-..............---.-................---_-.. .......................



TABLE 14. (cont.)

NE 2515

NE 2515/3

NE 2577

NE 2505 Farmer

NE 2505/A Farmer

NE 250573, 3A Farmer
NE 2505/3, 3B Farmer
NE 2571 Farmer

NE 2581 Farmer

NE 256172611 Sec. Std

PIW 23323 micro

PTW 24331 rigid

PTW 23332 nigid

PTW 23333

PTW 30001730010 Farmer
PTW 30002430011 Farmer
PIW 30004/30012 Farmer
PTW 30006/3001 3 Farmer
PTW 31002 Nexible

PIW 31003 Heaible

SNC 100730 Farmwer
SNC 100740 Farmer

Victoreen
Radocon 111 550

.............................................................................................................................

001
|.003
1003
1001
[ 00S
(LN
1.006
1005
| 00S
1006

1003
[0
1.004
[.004
1004
|.006
| 06
1002
[.003
1003

1 004
| 006

1005

1001
| 004
| 004
1001
1.003
| 004
1004
| 004
1003
1004

1003
1003
1003
1003
1.063
1004
1003
1.002
1002
1002

| 00
(RLIN

1004

|.000
1002
1002
1.000
[.001
L2
1001
1002
001
1001

1000
000
1001
| o0l
1001
1.001
|02
1.000
1000
(KLLY

| ool
|02

1001

0.999
1000
1000

“0.999
0,997
1000
0999
1000
(L.99%
0999

0.999
0999

0.9%
0,999
0.99
1000
0.999
0.999
.99

0.999
1000

0.998

0997
0.998
(1998
0.997
(.995
0,998
0.996
(.998
(1995
0998

0997
0997
0.997
0.997
0997
0.997
0.999
0.997
0.997
0.997

nw?
(0999

0.996

04994
0.995
(995
0994
(.99
(1.995
0.991
0.995
0991
0.994

0.993
0.993
0.994
(.994
0.994
0.994
0.996
0.994
0.994
0.994

1993
0.996

0.993

(991
0.993
0993
0M1
0.985
0,993
0.987
0.993
(0986
04992

0,990
0.99%)
0.99%
(1990
0.9%
0.992
0.994
(.990
0.99%0
0,990

(990
0,994

0,989

0,988
0.991
0.991
0.988
0.982
(.991
0.984
0.991
(.983
(.9%0

(1987
YK
0.98%
0.9%8
0.988
0.990
0992
0.988
0.988
(988

() ORX
0992

0.986

0.984
0.989
(1989
0.984
0.978
(0989
0.980
0.989
(980
0.988

(.984

(1985

0.9%4
0.985
0.985
0.987
0.989
0.9%44
0.984
0.984

() 9KS
0,990

0.983

(1980
(.986
0.986
0.980
0.974
0986
0.976
(1986
0.975
0.985

0.980
(1982
0.980
0.981
0981
(1984
0.986
0.9%0
0.980
0,980

0.981
0087

0979

0975
0.982
(1982
0975
0.969
0982
0971
(0982
0970
0982

0975
0.97%
0976
0976
1976
0.980
0.982
0.975
0975
0.975

0977
(1Y%}

0975

0.967
0975
0975
0.967
0.962
0975
0.964
0.975
0.963
0.975

0.967
0971
0968
0.969
0.969
0.973
0.976
0.968
(.968
0.968

0.970
nori

0.96%

0.959
.96
0969
0959
0.955
(1,969
0.957
0.969
0956
0.969

0.960
0964
0961
0.961
0.962
0.967
0.96Y9
0.960
0.960
0.960

(1963
0971

0961

0.950
0.961
1.961
0.950
0.947
0961
0.950
0.961
(.949
0.961

0.953
0956
0954
0955
(1955

0959,

0,962
0952
0.952
0.952

0.956
(1961

0.954

0.937
0.949
(1949
0937
0.936
0.949
0938
0.949
0937
094

0941
0945
0943
0943
0943
0.945
0950
0.940
0.940
0,940

0.944
HYs|

0.943

.......................................................



TABLE 14. (cont)

Victoreen LOOS 1003 1000 0997 0995  0.9%) 0986 0983 0979 0975 0970 0963 0956 0,949 0938
Radocon 11 555

Victoreen 30-348 LOGE 1003 1000 0998 099 0992 0989 098 0982 097 0973 0 0959 0051 0940
Victoreen 30-351 LOO4 1002 1000 0998 099 0992 0989 0986 0983 0979 007 0967 0960 0952 nod|
Victoreen 30349 FOO3 1002 1000 0998 099 0992 (989 (0.986 0983 0980 0976 0069 0962 0954 0942
Victoreen 30-36) LOO4 1003 1LOO0 0998 099 0992 0989 0986 0983 0979 0974 0967 0960 0953 0942

Scdu-Wellhofer ICO5 1001 1000 1000 0999 099 099% 0994 099 0989 08¢ 0980 0972 0.964 0.956 0,042
Sedv-Wellndler IC 06 1001 1000 1000 0999 0998 099 0994 0992 0989 098 0980 0972 0964 09% 0942
Scde-Wellhdfer IC10° 1001 1000 1000 099 0998 099 0994 092 0989 098 (0080 0972 0964 0956 0942
Scdn Wellholer IC 15— 1001 1000 1000 0999 0998 099 0994 0992 098 098¢ 0980 0972 0964 0956 0942
Scde Wellhifer IC25 1001 1000 1000 0999 098 099 0994 092 0989 0984 0980 0972 0964 0,956 0942

Sedy-Wellhofer 1C 28 LOOT 1000 1.000 0999 0998 (.99 0994 0992 0989 0985 0980 0973 0965 095 0943
Farmer shortened

Sedx-Wellhtfer

IC 69 Farmer FOOZ 1002 1000 0999 0997 0994 099 0989 0985 0981 0977 0969 (.96 0953 0,940
Sedx-Wellhofer

IC 70 Farmer LOM 1003 1000 1000 099% 0996 0993 0991 0988 0985 098 0974 0967 0959 0946

*Some of the chambers fisted in this table fail to meet some of the minmum requirements described in Section 42,1 However, they have heen included
hecawse of their current climeal use.



2.421on odas1 bir seri foton huzmesi ile kalibre
edilmisse

Ideal olarak tek bir kalibrasyon formunda Ny, , -, Kalibrasyon faktorii
ve bir set olarak kg, o, faktorleri 6lgtilir. Sonradan kullanici Q kalitesi
icin K o, faktorii,interpolasyonla bulunur. Bulunan kg 5, Ve Ny, o0
formiilde direkt olarak kullanilir. SSDL bir seri Ny, - kalibrasyon
faktorii sagladiginda, kullanilacak referans huzme kalitesi i¢in foton
huzme Kkalitelerinden biri secilerek veriler cevrilmelidir. Kk
faktorleri :

Q,Qo0

Kullanic1 Q kalitesi i¢in Ky, , faktorleri interpolasyonla bulunur.



2.4.3 - Q, referans huzmede kalibrasyonlu ion odasi i¢in
Jenerik deneysel kg , degerleri

SSDL’ler Ozellikle Co-60 referans kalite ile 6zel bir tip iyon odast icin,
tek bir deneysel Ny, o, faktorii ile beraber jenerik deneysel kg o,
degerleri saglar. Bu raporda tavsiye edilen iyon odalar1 arasinda standart
sapmalarda kii¢iik farklar oldugundan bu faktorler kullanilabilir. SSDL
tarafindan tayin edilmemis jenerik degerler tavsiye edilmez.



6.9. WORKSHEET <

Determination of the absorbed dose to water in a high energy prhoton beam

Date:

User:

Radiation treatment unit and reference conditions for D_,_Q determination

1.
Accelerator: Nominal Acc. potential: MV
Nominal dose rate: MU/min Beam quality., QO (TPR, o):
Reference phantom: water Set-up: 3 SSD 0O sAD
Reference field size: 10> 10 cm > cm Reference distance (cm):
Reference depth = __.: g/cm= -
2. Jonization chamber and electrometer
Ionization chamber model: Serial No.:
Chamber wall material: thickness: s/cm=
Waterproof sleeve material: thickness: g/cem>
Phantom window material: thickness: sfcm?>
A bsorbed dose to water calibration factor® ND.on = 9 Gy/mC OO Gy/rdg
Calibration guality O, O S%Co 2 photon beam Calibration depth: gfcm=
If ©,, is photon beam. give TPR,, -
Reference conditions for calibration e kPR T: °C Rel. humidity: ____ %
Polarizing potenual V;: V Calibration polarity: (O +ve 1 —ve 1 corrected for polanty
User polarity: 2 +ve O —ve e
Calibration laboratory: Date:
Elecurometer rzodel: Serial No.:
Calibrated separately from chamber: 1 yes L1 no Range setung:
If yves. calibration laboratory: Darte:
3. Dosimeter reading® and correction for influence guantities
iJncorreclcd dosimeter reading at V, and user polarity: A nC O rdg
Corresponding accelerator monitor units: MU
Rartio of dosimeter reading and monitor units: A, = 2 nC/MU O rdg/MU
(1) Pressure £: kPa Temperature 7 - == Rel. humidity (if known): o
S 2732 +T) F, =
273.2+7T_,> P
(11) Elecirometer calibration factorc Kjec: 33 nCrhrdg 3 dimensionless Ko =
(iii) Polarity correction _rdg at + V| : A = rdg at —V,: M =

e N
gL 2A7 -

&




(iv) Recombination correction (two voltage method)

Polarizing voltages: V, (normal) = v V5 (reduced) = v
Readings® at each V: M, = M, =
Voltage ratio V,/V, = Ratio of readings Af /M, =
Use Table © for a beam of type: (1 pulsed I pulsed—scanned
ao = a, = (I: ==
2
k, =ag +a [M' )+aq(Ml J —
= o 1 M O
Corrected dosimeter reading at the voliage V,:
Mo =M, kpp koo Kk, = 9 nC/MU 3 sdg/MU
4. Absorbed dose to water at the reference depth Dokt
Beam quality correction factor for the user guality Q¢ kQ-Qa =
taken from 2 Tabie 14 0 Orther. specify:
Do Zrer) = Mo Np w0 %0.0,, = Gy/MU
=
5. Absorbed dose to water at the depth of dose maximum > ===
Depth of dose maximum: =, = g/cm=
(i) SSD set-up
Percentage depth dose at z__, for a 10 cm =< 10 cm field size: PDD (= g/cm”) = G
Absorbed dose calibration of monitor at =___
D, oAZax) = 100 D (2, _HPDD (z, ) = Gy/MU
(ii) SAD set-up
TMR at z,, for a 10 cm < 10 cm field size: TMR (z,_, = glcm) =
Absorbed dose calibration of monitor at s SR
Gy/MU

DKQ‘:“ITIIX) - Du’.Q(:ref’n.MR(:Tef) _—

® Note that if ©Q_ is ®°Co. Np.w.o, 1S denoted by N, .
B Al readings should be checked for leakage and corrected if necessary.

© If the clecrometer is not calibrated separately. set &4_,__ = 1.
9 A in the denominator of lcpo. denotes reading at the user polarity. Preferably. each reading in the equation

should be the average of the ratios of Af (or M or A7 ) to the reading of an external monitor. AL_ .
It is assumed that the calibration laboratory has performed a polarity correction. Otherwise kpo, is

determined according to:

rdg at +V, for quality Q_: M = rdg at —V, for quality Q,_: AM_ =

L@l i iae],
B C AR Y v ey

kw'

< Strictly. readings should be corrected for polarity effect (average with both polarities}. Preferably, each
reading in the equation should be the average of the ratios of AT, or M, to the reading of an external

monitor, M___.



3. Diisiik enerji KV X —1sinlari
kalibrasyonu



3.1 —-Genel

80 KV, 2 mm Al HVL veya 100 KV, 3mm Al HVL ve alt1

Diisiik enerjide alisilan absorbe doz dlgiisti, havada air

kerma veya 1sinlama (exposure) olarak yapilirdi. Suda
absorbe doz (ylizeyde) i1sinlama veya air kerma BSF

faktorii 1le carpilarak elde edilir. Bu hala ¢ogu
raporlarda kullanilir.

Diisiik enerjide, suda absorbe doz standartlari verileri
sinirlidir. Bununla beraber, hava kerma faktortinti kullanarak
suda absorbe doz cinsinden kalibrasyon faktorii elde etmek
miimkiindiir.



3.2 — Iyon odalar1 ve fantomlar

Iyon odas1 penceresi, sekonder elektron spektrumu full build up’ 1
saglamasi icin Yyeterli kalinlikta olmalidir. 50 KV —-100 KV arasi
huzmelerde bunun i¢in pencere iistiine benzer materyallerden ilave
foliler koymalidir. Iyon odas1 ref.noktas: olarak pencere merkezinde,
pencerenin dis tarafi alinir. Build up foli varsa, folinin dis tarafi
alimir.Bu nokta fantom yiizeyi ile ayni seviyede olmalidir.Iyon odast,
fantom ve ilave folilerle, klinikte referans dozimetri i¢in kullanilacak
alan ebadi ve SSD de, SSDL’de kalibrasyon yapilmalidir.

Olcii set up’ 1 icin su uygun degildir. Perspex uygundur.Yiizeyde
doz oOlciimii yapildigindan, dozda veya derinde diizeltmeye gerek
yoktur.



TABLE 24. TOTAL THICKNESS* OF MATERIAL REQUIRED FOR FULL
BUILDUP

Polyethylene PMMA® Mylar

kv _
mg/cm? mm mg/cm? mm mg/em’  mm
50 4.0 45 44 40 4.6 35
60 5.5 60 6.1 50 6.4 45
70 1.2 80 8.0 65 8.3 60
80 9.1 100 10.0 85 10.5 75
90 1.1 120 e 122 105 12.9 90
100 13.4 140 14.7 125 154 110

“ The thickness specified is taken to be equal to the csda range of the maximum energy
secondary electrons, as given in Ref. [66].

" Polymethyl methacrylate, also known as acrylic. Trade names are Lucite, Plexiglas or
Perspex.



3.3 — Huzme Kalitesi indeksi

KV ve HVL kullanilir. Ancak,her zaman istenen KV
(SSDL’de) bulunamadigindan, bu raporda sadece HVL
kullanilir. KV ve HVL’ye goére yapilanla, sadece HVL’ye
gore yapilan arasinda % 2 civarinda fark vardar.



3.4 — Suda absorbe doz tayini



3.4.1 —Referans sartlar :.

Tablo 4. Disiik enerji X-1stm1 huzmelerinde absorbe doz tayini icin
referans sartlar

Referans deger veya karakteristikleri

Fantom materyali Su esdegeri plastik veya PMMA

Iyon odas tipi Diisiik enerjiler icin plan paralel

Olgii derinligi z, Fantom yiizeyi

Iyon odasi referans Iyon odas1 penceresi dis yiizey merkezi veya
noktasi Ilave build up materyeli dis yiizey merkezi@
SSD Genellikle, referans aplikator tedavi mesafesi

Alan ebadi 3x3cm, veya 3cm caph aplikator veya referans

olarak kabul edilen aplikator

a) Ny, kalibrasyon faktorti, su ytizeyinde absorbe doz olarak verildiginden, referans
nokta olarak ion odasi dis yiizeyi alinmaktadir.



3.4.2 — Referans sartlar altinda absorbe doz tayini

=M N

Q  "D,w,Qo

Q,Qo



3.9- Ky, degerleri

Fantom ylizeyinde ince duvarli 1yon odalarina Bragg-Gray teorisi
uygulanamadigindan, K, ,, degerleri direkt olarak ol¢iilmelidir. Iyon
odasindan Iyon odasina varyasyonlar fazla oldugundan jenerik
degerler kullanilmaz.

Ideal olarak,bir referans huzme Q, igin Ny, o, Kalibrasyon faktorii
bulunur ve diger huzme kaliteleri Q i¢in uygun K, o faktorleri 6lgtilir.

Koo = [NIE

. : N D,w Q
Kullanict huzme kalitesi Q yoksa,Worksheet’teki gibi
Interpolasyonla bulunur.



3.6 — Non-referans sartlarda olciiler



3.6.1 — Merkezi eksen derin doz dagilimi

Literatiirden elde edilebilir.Eger 6lciilmek Istenirse,
referans dozimetrede kullanilan ayni iyon odasi ile su
esdegeri fantomda oOlciilebilir.



3.6.2 — Out put faktorleri

Kullanilan SSD ve alan ebadi (aplikatorler) icin
olclilmelidir.



8.8. WORKSHEET

Determination of the absorbed dose to water in a low energy X ray beam

i)

(i1)

User: Date:

Radiation treatment unit and reference conditions for Dw_ o determination

X ray machine: Nominal tube potential: kV
Nominal tube current: mA Beam quality O (HVL): mAl

Reference phantom: Reference depth: phantom surface
Added foil material: Thickness: mm
Reference field size: cm x cm Reference SSD: cm

Tonization chamber and electrometer

lonization chamber model: Serial No.:

Chamber wall material: thickness = g/em=

Absorbed dose to water calibration factor N, ., = - Ci‘y/nC O Gy/rdg

Reference beam quality. O, (HVL.): mimAl

Reference conditions for calibration # kPa X g, Rel. humidity: G

Polanzing potenual V: v Calibration polarity: (3 +ve O —ve {1 corrected for polarity
User polarity: A +ve L —ve effect

Calibration laboratory: Date:

Electrometer model: Serial No.:

Calibrated separately from chamber? L S¥Yes 3 No Range setting:

If ves, calibration laboratory: Date:

Dosimeter reading® and correction for influence gquantities

Uncorrected dosimeter reading at V and user polarity: g nC O rdg
Corresponding time: min

Ratio of dosimeter reading time?: M = = O nC/min 3 rdg/min

Pressure FP: kPa Temperatare = °C Rel. humidity (if known): %

B e - 0w
I TeTL) P

Electrometer calibration factor® &_,__- O nC/rdg O dimensionless &, =

Corrected dosimeter reading at voltage V-
Mo =Mk, ketec = 3 nC/min 3 rdg/min




Beam quality correction factor for user quality @:  ~  k

00, =
at @ (HVL)= mmAl
Calibration laboratory: Date:
or Beam quality correction factor interpolated:
(kQ.Q"), = at HVL, = mm Al Date:
(kQ-Qn)? = at HVL, = mm Al Date:

koo, =tkog,) [("an ), ~(kag, ) .] [

InHVL — InHVL, | _
INHVL, — InHVL,

Absorbed dose rate calibration at the phantom surface:
D, (surtace) =M, Ny, 0 koo = Gy/min

-

* All readings should be checked for leakage and corrected if necessary.
® The timer error should be taken into account. The correction at voltage V can be determined according 1o:

M, is the integrated reading in a time 1, T R 1, = min
M is the integrated reading in n short exposures of time 1,/n each (2 < n £5)
My = g = min n =
Mgty —-Myt
Timer error, T=—2—4 4.8 - min (the sign of T must be taken into account)
n MA = MB
M4

= W nC/min 1 rdg/min




4, Medium enerji KV X —sinlari
kalibrasyonu



44.1 — Genel

e HVL 2 mm Al dan buiylik huzme kalitelerine uygulanar.

o Onceki protokollerde, 1s1nlama ( exposure ) ve hava kerma
olarak havada oOlgiiler yapip suda absorbe doza, Monte Carlo ile
hesaplanan BSF faktorler: kullanilarak geciliyordu. Bu raporda,
absorbe doz direkt olarak Ol¢iiliir ve ol¢liler su fantomunda yapailir.
o Tedavi dozu, dokuda birka¢ mm.den birka¢ cm.derinlige
kadar oldugundan bu protokolde, referans derinlik 5 g/cm? den 2
g/cm? ye indirilmistir.

e  Huzme kalite indeksi HVL dir.



4.2 — Referans sartlarda suda absorbe doz



A

'II' ablo 5 Medium enerji X-1s1mn1 huzmelerinde absorbe doz tayini icin referans

yartla Referans deger veya karakteristikleri

antom materyali
E?ﬁ g(aa ﬁgiy SS#FQC““J(
0<1)( i as1 rererans erkezl eksen uzerinde Kavite volumu ortasi

L oda5s SRS . 8lci derinliginde
}%?5 / elljkle, kullanilap tedavi,m &ak%
an ebadi (E a%Orcm veya re eran olarak kabul edilen

%ﬂmAHgkatorlerm SSD leri farkliysa, referans aplikator olarak biiyiik SSD i




4.2.2 — Referans suda sartlarda absorbe doz tayini

DW,Q = MQ ND,W,QO Qo



4.3 — Kg oo degerleri

Bragg- Gray teorisi, medium X-isinlarinda 1yon odalarina
uygulanamadigindan, K, , faktorleri direkt olarak él¢tilmelidir.
Jenerik degerler kullanilmaz. K, o, faktori :




4.4 — Non-referans sartlarda olciiler



4.4.1 — Merkezi eksen derin doz dagilimlar

Literatiirden elde edilebilir.Ancak, klinikte kullanilan KV ve HVL ye
uyan veriler olmayabilir. Bu nedenle, her bir klinik huzme icin 6l¢iilmesi
tavsiye edilir.



4.4.2 — Out put faktorleri

Tedavide kullanilan biitiin SSD ve alan abatlarinda (aplikatorler)
olciilmelidir. 2 g/cm? derinlikte yapilan absorbe doz 6l¢iilerinden,
% DD degerleri kullanilarak yiizey dozuna gegilir.



9.8. WORKSHEET 5

Determination of the absorbed dose to water in a medium energy X ray beam

Date:

User:

Radiation treatment unit and reference conditions for D_,'Q determination

;. 18
X ray machine: Nominal tube potential: kv
Nominal tube current: mA Beam quality O (HVL.): mm
O Al 3 Cu
Reference phantom: water Reference depth: = g/cm=
Reference ficld size: cm < cm Reference SSD: cm
2. JTonization chamber and electrometer
Ionization chamber model: Serial No.:
Chamber wall material: thickness = g/cm?
Waterproof sleeve material: thickness = g/cem=
Phantom window material: thickness = g/cm?
Absorbed dose to water calibration factor ND.».Q., — 3 Gy/nC 2 Gy/rdg
Reference beam guality. ©Q, (HVL): mm O Al 0 Cua
Reference conditions for calibration #2 kPa > S °« Rel. humidity: %
Polarizing potential V: v Calibration polarity: 3 +ve 3 —ve [ corrected for polarity
User polarity: 3 +ve OO —ve R
Calibration laboratory: Date:
Electrometer model: Serial No.:
Calibrated sgparately from chamber: 3 Yes 3 No Raung setting:
If yves, calibration laboratory: Date:
3. Dosimeter reading® and correction for influence guantities
Uncorrected dosimeter reading at V and user polarity: 3 nC 3 rdg
Corresponding time: min
Ratio of dosimeter reading and time®: AL = 3 nC/min 2 rdg/min
(i) Pressure £: kPa Temperature 7: =<~ Rel. humidity (if known): S
AT 2732 +7T) i_
(ZI32+T,) P
(ii) Electrometer calibration factors &, - 3 nC/rdg 9 dimensionless &_, =
(iii) Polarity correctionY rdg at +V: M _ = rdg at —V: M =

_ st |+jar_|
A1

& ot



Corrected dosimeter reading at the voltage V:

Mo, = MEky, koo Koy = 9 nC/min J rdg/min

o

Absorbed dose rate to water at the reference depth, z__,

Beam qguality correction factor for user gquality Q! kQ_Q" -
at O, (HVL) = mm 3 Al 2 Cu
Calibration laboratory: Dazte:
or Beam quality correcuion factor interpolated:
koo = at HVL, = mm 3 Al 9 Cu Date:
ko o 02 = at HVL,, = mm J Al O Cu Date:

3 = . InHVIE — inHVL , =5
LQ—Q(: —(kQ-Qo )l +[(kQ-Qn )2 _(AQ-Qn )l ] [I’?HVL: — InHVIL, ] i

Absorbed dose rate calibration at Zret”

D o Cpep) = MNy, o.k%oo, = Gy/min
Absorbed dose rate to water at the depth of dose maximum, z___ -
Depth of dose maximum: =, = g/em?
Percentage depth dose at =, for cm x cm field size: PDD(z = 2 g/em?) = G
Absorbed dose rate calibration at =
D, o(Zay) = 100 D, (2, HPDD(z ) = Gy/min

= All readings should be checked for leakage and corrected if necessary.

b

The tumer error should be taken into account. The correction at voltage V can be determined according to

M, is the integrated reading in a ume 7, B = - = min
M is the integrated reading in n short exposures of time /g/mneach (2 =n < 5)
MB A N — 'B e - .,
Mgrty, — M,
Timer error, 7 = B A AB _ min (the sign of T must be taken into account)
M 4 X ”
M=—=2 = O nC/min 3 rdg/min
ra+T

¢ If the electrometer is not calibrated separately, set £, "= 1.
9 M in the denominator of & , denotes reading at the user polarity. Preferably, each reading in the equation
should be the average of tm ratios of M (or M_ or M) to the reading of an external monitor M__ .



