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HDR- Ir'®2kaynagi

m Beta isimasi ve elektron yakalamasiyla Pt1%? (platin) (2095.6)
ve Os'®2 (osmiyum) (%4.4)’ye bozunur.

m Ir®2 platinum stabil izotopunu olusturmak iizere beta ve
gamma isinlar1 yayar.

192 192 0
71T 5Pt + 460 Ty

m Gamma ismlarmmin ortalama enerjisi 380 KkeV, beta
taneciklerinin enerjisi 530-670 keV

m Aktivite: ~ 10 Ci
m Yarmm Hayat: 73.83 giin
m HVL, doku icin 6 cm, kursun icin 2.5 mm’dir.
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Taeie I Dimensions (mm) of the HDR *Ir source models in the joint AAPM ESTRO Report 229 (Ref. 43) and
of the genenc source. Commercial source models are ordered as active and total length decreases.

Actve Total Active core External Capsule Istal capsule

Source length length diameter diameter  thuckmess thickness
Vansource V52000 50 6.00 0.34 0.5%9 0.125 1.00
M 19 35 2.10 0.65 1.17 0.260 0.65
mHDR vl 35 5.00 0.60 1.10 0.250 0.55
Gammahed HDR 121 35 496 0.70 1.10 0.200 0.96
BEEIG HDE. Ir2 A85 2 35 492 0.60 0.90 0.100 0.72
BEEIG HDE. GI192M11 35 490 0.60 1.00 0200 0.84
Flexisource Ir 192 35 4.60 0.60 0.35 0.090 0.65
GammaMed Plus 35 452 0.70 0.90 0.100 0.72
mHDE 2 35 4.50 0.65 0.90 0.125 0.20
Buchler 13 5.50 1.00 1.60 0.200 1.00

{(Jeneric source 35 5.00 0.60 1.00 0200 060
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Materials and dimensions (mm) for the generic HDR 19211 brachyther
apy source.
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Schematic view of the 192Ir source mod
Gammamed plus iX. Dimensions are in millimetre

Taeie II. Source encapsulation and active material atomic compositon of the generic HDR ¥ source.

Component Material Elemental composition (% by mass) Density (g/cm”)
Activepart  Indium Ir(100%%) 22.42
Capsule Stainless steel 3161 Ni(12%), Fe(68%), Mn(2%), Cr(17%), Si(15%) 8.02
Cable Stainless steel 3161 Ni(12%), Fe(68%), Mu(2%), Cr(17%), Si(1%) 5.00
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High Dose Rate Brakiterapide Doz Hesaplamalar1 (HDR) AAPM

Task Group No: 43, 1995 ve 2004 (Interstitial Collaborative
Working Group; ICWG)

m Kaynak siddeti suda doz-hizi sabitine gore
m Heterojenite diizeltmesi kullanilmaz.

m Kaynak etrafinda doz dagilimi uzaysal ve acisal olarak
karakterize edilir.

m Kaynaktan belli bir uzaklik ve acidaki noktadaki doz
hesaplama formiilleri
Silindirik simetrik kaynak icin: Iki boyutlu (2D)
Nokta kaynak i¢in: Bir boyutlu (1D)



m Herhangi bir noktadaki, P(r, 0), doz hiz1

‘ M source Active Volume

1995 AAPM TG 43

G(r,0)

D(r,0) = Si. A S 00 g(r).F(r,0)

dose.point
2004 AAPM TG 43 -
: B G1.(1,6) :
D(r,8) = Sy. A N E]':}).gL(r).F(r,G) A

source

D(r,0) : Suda r mesafesinde cGyh* cinsinden P(r, 0)
noktasindaki doz hizx



I’ Kaynak merkezinden doz hiz1 hesaplama noktasina, P(r, 0),

olan uzakhk (cm) | dose point
0: Doz noktasim1 belirten kutup (polar) acisi 0
——— L

source

® Kaynagin boyuna ekseni ile aktif kaynak merkezinden
hesaplama noktasina cizilen dogru arasindaki acu.

® Silindirik a¢idan simetrik bir kaynagin transvers (enlemesine)
dizlemi, kaynagin dogrusal eksenine dik diizlemdir ve
radyoaktivite dagilimini ikiye boler.

0, 0,0, acilar1 ve r vektorii P noktasinin yerini belirtir.



P(r,,0,): Referans nokta

B source Active Volume

v Bu noktada dozu etkileyen mesafe M souse encapsuiation

UncelopyifadicalPhysics.com P{r, E)
B
P{rD- eﬂ} |

disindaki diger faktorlerin etKisini
yitirdigi varsayilmaktadir.

v Kaynagin transvers ekseninde uzanan,
kaynaktan 1 cm uzakhktaki noktadar.

m 1. 1 cm’lik referans mesafe

m O, Referans ac1, 90° veya ©t/2 radyan

Ref. Point
o (1cm, 909

source
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Sk: Air Kerma Siddeti (giicii)

m Kaynaktan belli bir uzaklikta transvers eksendeki air
kerma rate olarak tanimlanir.

m U cinsinden ifade edilir: 1U = puGy m?h-t = cGy cm?h-?
SI{ — KE (d)dz

m Kullanic1 Sk test etmelidir.

Kﬁ(d): > 6 (~5 keV), d>>L enerjili fotonlar nedeniyle
vakumda kerma hiza (air kerma rate) (cGyh)



m 0 (enerji kesme: cut-off): Diisiik enerjili kontaminasyon
radyasyonunu (celik veya titanyum kaynak kaplamanin dis
tabakalarinda dogan karakteristik X-isinlar1) dahil etmez.
(diisiik enerjili brakiterapi kaynaklari icin 5 keV)

m d:Kaynak merkezinden transvers diizlemdeki 6l¢iim noktasina
uzakhk
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A: Suda Doz Hizx Sabiti

m Suda kaynagin transvers ekseni boyunca 1 cm’de birim
basina hava kerma giicii (U) cinsinden doz hiz1 (uGy h* U%)

m S, basma P(ry,0 ,) da doz rate olarak belirlenir.

D (ry, ©
A = (ro,69)
Sk



v Kaynak geometrisinin etkilerine,
v Radyoaktivitenin kaynak i¢cindeki uzaysal dagilimina,
v Kapsilasyona,

v Kaynagin icersinde self-filtrasyon ve sudaki sa¢ilmaya
baghduar.

Recommended dose rate constants in a water medium.

Seed cGy hr ' U™?
o 1.12
Fe Clad
1251 Model 6702° 0.93
1351 Mode! 6711° 0.88
I'deh U?"-q-
Madel 200

Data from Willlamson (Ref. 18).

Data from Meigoom. Sabmis, and Nath (Ref. 12) and Chiu-Tsac and Ander-
son (Ref 19) were averaged and then multiplied by 1.048 (Ref 18). a
correction factor for converting Solid Water data to water, as calculated by
Williamson using Monte Carlo simulation (Ref. 18).
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Table IV. Dose rate constant for HDR '®Ir sources.

Statistical

conAA uncertainty cav/G(r,6)

Source Name (Manufacturer) [cGy-h*. U] k=1) [cGy-cm®h™. U]
mHDR-v1 (Nucletron) 1.116 0.9% 1.127
mHDR-v2 (Nucletron) 1.109 1.1% 1.121
VS2000 (Varian) 1.100 0.6% 1.123
Buchler (E&Z BEBIG) 1.117 0.4% 1.119
GammaMed HDR 12i (Varian) 1.118 0.4% 1.129
GammaMed HDR Plus (Varian) 1.117 0.4% 1.128
GI192M11 (E&Z BEBIG) 1.110 0.4% 1.121
Ir2.A85-2 (E&Z BEBIG) 1.109 1.2% 1.120
M-19 (SPEC) 1.114 0.2% 1.125

Flexisource (Isodose Control) 1.113 1.0% 1.124
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G(r, 0): Geometri Faktor

m Sadece kaynak icindeki uzaysal (mekansal) aktivite dagilimina
bagh olarak varsayimsal doz degisikligini aciklar.

m Ters kare yasasi diizeltmesi ile azalma etkisini hesaba katar.

m Matematiksel bir ifade olup kaynagin boyu ve noktanin
kutupsal konumu ile ilgilidir.

J'u[p(r"}a.ﬂr"f|r’-r|zl

b {I"H] - a|.'1-'|g|:.""|:ldﬂ"r

p(r): P(x,y',z) noktalarindaki radyoaktivite yogunlugu
V kaynak hacmi iizerinden integrali gosterir.
dV kaynak icerisinde, r noktasindaki hacim eleman



v L: kaynagin aktif uzunlugu
v Nokta kaynak icin G(rg, 0,) = 1
v Dogrusal (line) kaynak i¢in p =0,— 0,

G(r,, 0,) = B/ L dir.

Gpir.#)=r " point-source approximation,

L. if #+0° ) o
Gy(r.g)=4¢ Lrsin# line-source approximation.
(rF=L*4)"' if #=0°

Tape V. Exammple of the geomesry factor, (ve, &) times », for a seed
approcimated by 3.0 mumn line source as caloulated with Eq. (7).

Bideg) =05 cm =10 cm =20 cm =50 cm
] 1000 1.023 1.006 L.o01
10 1.044 1012 1.006 L.o01
20 1.081 1010 1.003 L.o01
£ 1.042 1013 1.004 1.001
40 1.0340 Lol 1.002 L.o01
50 1012 L0035 1.001 1.000
60 0.9160 00899 1.000 1000

a0 0.0715 002 0.9830 100G

M source Active Volume
. Source Encapsulation

UneelogyiiedicalPhysics.com P[r-' B:I
B
P{rD- B‘I}} |

TI— Radioactive Line Source
with ¢ladding thickness (i)
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g(r): Radyal Doz Fonksiyonu

m Uzaysal doz dagihhmini ifade eder.

m Ortamdaki absorpsiyon ve sacilmaya bagh olarak kaynagin
transvers ekseni boyunca doz hizindaki diisusiuinti tanimlar.

m Kapsiilleme ve kaynak malzemeler tarafindan filtre etkisini

de icerir. \

0.75 - —e—Daskalov, Loffler &
Williamson

D(r,8¢) Gx(r9,00)
D (r¢,0p) Gx(r,0p)

Nokta kaynak yaklasiminda g, (r)

gx(r) =

Cizgi kaynak yaklasiminda gL(r) oro i
r(cm)



m D(r, n/2) ve D(ry, m/2), transvers eksen boyunca r ve r,
(referans uzaklik, 1 cm ) uzakhklarda 6l¢iilen doz
hizlaridar.

Kaynaktan dik uzakhktaki noktalardaki g(r)

D(r. 7/ 2).G{, T/ 2)

g(r)=
DL/ DG T/ 2)
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Fic. 2. Badial dose fimctions in a Solhd Water medinm for “Pd. I, and
*Ir sources.

Tame VI Radial dose fonciions, gir).

Distance along Tadial dose function, gir)
ICANSYCTES anils
tem) Wt Model 67117 '] Model 6702 e
s 1.9 L 104 0,994
14 1.00 1) 100 Lix)
1.5 (L7858 0536 0934 101
10 0576 0.£32 (.851 101
a5 0425 0,731 0760 1401
an 0.310 0e32 0.670 1402
as 0.234 0541 (1566 101
4.0 0165, D463 0511 1401
4.5 0,123 0,347 (ETR] 1.00
5.0 00503 0.3dd 0360 0896
53 01300 0341 (L.985
6.0 0.264 0.301 0.972
6.5 0,233 0.266 0.057
7.0 0.204 0,235 0.942
7.3 0,027
8.0 0,913
B3 0,900
0.0 0,591

“Radial dose functions of '] sources were fit 10 a Sth order polynomial,
giri=ag+ayr+ar +ayr +agrt+tage. Cocfiicients of the fit for 724
Model 6711 were 2,=01.01376, a,=1.22T47x10"", a,=-1.73025
H107, @y =4023 TE L0, a,==3852 275107, aq1,342 83107%,
For "1 Model 6702, cocfficients were ap=1.023 07, o, =R.637 5121072,
@, =—1371 552107, g, =307 9510, aym—2869 46X 1077,
a;=0.875 581077, Radial dose functlon of "I was fit 1o 2 Sth order
polynomial, g{rj!=au+a,r+n2r2+a,r‘-l-u4r‘. Coefficients  wese
ay=9.890 5431077, 2, =RE13 191073, a;=3517 TEx 172,
2y=—1A66 371077, 0,=9.243 702 107%,

"Data averaged from Medgoonl, Sobnis, and Math {Ref. 12) and Chiu-Tsao
and Andesson (Ref, 19). Radial dose function was fit to a 5th order poly-
namial, S{rj-—nru'l'u]r+ﬂ'1r!‘-l-a_1r3+q4r‘+ﬁ5;5_ Coefficients are (for
YSRd)  ay=1.62891, a,=—T.685 S9X107Y,  @.=1542 TZxI07,
ay=—"2271 B5x1077, 8, =3.393 0201077, ay=—2.672 15x107%,



TABLE II. Consensus g(r) values for six I sources. Interpolated datz are boldface, and italicized data are nonconsensus data obtained from candidate
datasets.

Line source approxmation Point source approximation
Amersham  Amersham Bast HASI Belg Imagyn
5702 6711 2301 MED3&31-AM 125506 1512501  Amersham Amersham Best MASI Bebiz Imagyn
rlem] [=30mm [=30mm [=40mm [=42mm [=35mm I=34mm &702 6711 2301 MED3631-AM 125506 IS12501
0.10 1.020 1.055 1.033 1.019 1622 0.673 0,696 0.579 0613 0.631
0.15 1.022 1.078 1.029 1.018 1058 0.5809 0853 0.725 0760 0.700
0.25 1.024 1.082 1027 0.008 1.039 1.093 0919 0.982 0.378 0.842 0008 0 059
0.50 1.030 1.071 1.028 1.025 1.038 1.080 1.008 1.048 0.991 0085 i.001 1.051
0.75 1.020 1.042 1.030 1.01% 1.0X0 1.048 1.014 1.036 1.020 1.008 1.012 1.040
1.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 L.000 1.000 1.000
1.50 0935 0.908 0938 0954 0.937 0907 0939 0912 0.945 0962 0.542 0912
200 0861 0El4 0.866 0835 0.857 0308 0 866 0819 0.875 845 0.863 0814
300 0697 0.632 0.707 0.675 0.589 0518 0.702 0.536 0.715 0685 0,595 0.523
400 0533 0.4%95 0555 0523 0.538 0463 0.557 0499 0.562 0.530 0.543 0487
500 0425 0364 0427 0395 0.409 0348 0428 0367 0.4312 0401 0413 0.351
600 0322 0.270 0320 0293 0.313 0253 0324 0272 0.324 0297 0316 0.255
7.00 0241 0.19% 0248 0211 0.232 0.193 0243 0.200 0.251 0214 0.234 0.195
800 0179 0.148 0.187 0178 0149 0.130 0.149 0.189 0.178 0.150
200 0134 0.109 0.142 0.134 0.100 0.135 0.110 0.144 0.135 0.101
1000 0.097% 0.0803 0.103 0.0957 0075 0.0986 00809 0104 0.0967 0.076

TABLE III. Consensus g(r) values for two 'Pd sources. Interpolated data are boldface, and italicized data are
nonconsensus data obtained from candidate datasets.

Line souwrce approximation Point source approximation
Theragenies 200 MASI MED3633
r [em] L=423mm LI=42mm Therzgenics 200 NASI MED3633

0.10 0911 0.494

015 121 0.831

0.25 137 1.331 1.154 1123
0.30 138 1322 1.220 1170
0.40 136 1.286 1.269 1.201
0.50 130 1.243 1.248 1.154
0.75 11s 1.125 1137 1.113
1.00 1.000 1.000 1.000 1.000
1.50 0.74% 0.770 0.755 0.776
2.00 0.555 0.583 0.361 0.389
250 0410 0.438 0.415 0443
3.00 0302 0.325 0.306 0329
350 0.223 0.241 0.226 0244
4.00 0.163 0.177 0.165 0179
5.00 0.0887 0.098 0.0900 0.09%
6.00 0.0482 0.053 0.0489 0.054
7.00 0.0262 0.028 0.0266 0.028

10,00 0.00615 0.00624
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F(r, 0): Acisal Anizotropi Fonksiyonu

m Ortamdaki absorpsiyona ve sacilmanin etkileri de dabhil
olmak uizere kaynak etrafindaki doz dagiliminin
anizotropisini olusturur.

m 2B anizotropi fonksiyonu, dozdaki degisimi, transvers
diizleme gore kutup acisimin bir fonksiyonu olarak

taniumlar.
o //r—:——"—"%ha:,,_\‘_
- 5 S
D(r,0) G(r,0p) , IS
F (r J e ) = . 080 7 Aniso:.lrﬁgy:‘ f_l\.:;ction
D(r,e{]} G(r,e) 085 ,

D(r,0) 61(r,99) "7 P )

2004 F (I’ , 0 ) = o ieareonc \

D(r,0¢) Gy (r,0)



v Kaynak i¢indeki radyoaktivite dagilimina,

v Self absorpsiyona

v Kapsiil materyalinin oblik filtrasyona bagh olarak
brakiterapi kaynaklarimin etrafindaki doz dagilimlarinin
degisimini gosterir.



(i) r azaldikca,
(i) 6 0° veya 180° ye yaklastike¢a,
(ii1) Kapsiiliin kalinhg arttik¢a

(iv) Fotonun enerjisi azaldik¢a transvers diizlemin disindaki
F(r,0) degeri de azalir.

D N N NN

m Transvers eksen boyunca fonksiyonun degeri F(r, 90%) = tiim
r degerleri icin 1’dir.



Taste X1 Calculsted snisotropy function, Fr, 8). foran “Ir source

B (dz)
rfcm) 0.0 100 20.0 30.0 400 50.0 0.0 70.0 80.0 800

—
'
(=]

0804 0.843 0947 0866 100 102 103 1.03 1.02 1.00
0.788 0004 0947 0041 0045 0040 0053 0020 0001 100
0,760 0813 0895 0.936 1.03 0.024 0977 103 1.03 l.00
0,868 0940101 0096 102 103 1.04 1.01 1.01 l.00
0.831 09310904 103 107 105 1.03 1.01 1.02 1.00
0.B1% 038% 09220 0928 0073 0830 0054 0995 0997 100
0544 0944 0085 0940 0042 0067 1.01 1.02 0073 100
0824 08933 00246 0958 0070 0082 0070 0933 0094 100
0.88% 0962 0200 0.968 0996 0002 1.01 1.02 0987 LOO

=

LV T S [ SR R N PNy )
B mE S oo

Tams X Caloulated anizotropy fmction, F(r, 8), fora ©T Model 702
504TCR.

1.2+ 125, Model 6711 125 Madel 6702 4

1
]
|
T
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121 103py, Model 200 T 182, -
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Anisotropy Function
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TARLE IV. F(r.#) for Amersham model 6702.

B{deg)
mem) 0.0 100 200 300 400 500 600 OO0 800 S0.0

1.0 0477 0.549 0.753 0.805 0,003 1.03 1.04 1.04 1.0 1.00
2.0 0528 0656 0766 0.832 0.924 0945 0930 1.02 1.02 1.00
3.0 0711 0783 0744 0.814 0208 0.787 0.840 1.02 105 1.00
4.0 0.530 0610 0.690 0885 0055 08460 1.01 1.03 1.03 1.00
5.0 0.687 0719 0822 0.264 0981 0.900 0930 1.00 1.05 1.00
6.0 0600 0582 0.4669 0790 0E29 0BET 0803 0976 10 1.00
7.0 @701 0708 0793 0ELIS QB39 0801 0933 1.01 0941 L.O0D

r [em]
Polar angle

# (degrees) 0.5 1 2 3 4 5
0 0.385 0420 0483 0.533 0.569 0.589
5 0413 0472 0.546 0.586 0.613 0.631
10 0.531 0.584 0.630 0.660 0.681 0.697
15 0.700 0.700 0.719 0.738 0.749 0.758
20 0.788% 0.789 0.793 0.805 0.810 0.814
30 0.892 0.583 0888 0.891 0.892 0.892
40 0.949 0948 0944 0.944 0.944 0944
50 0.977 0.973 0.967 0.967 0.967 0.967
60 0.989 0.985 0983 0.983 0.983 0933
70 0.996 0.992 0.990 0.990 0.9%0 0.990
80 1.000 09598 0998 0.998 0.998 0.598
Panl7) 0986 0.960 0952 0.951 0.954 0.954

I-125 icin Monte Carlo simiilasyonu ile
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1B Formul (nokta kaynak yaklasimi)

m Cok sayida seed kaynak Kkullanihr (Interstisyel

brakiterapi).
5
N
. o2 -
D(r) = S A (2) . gy (). @o (1) it
_ J, D(r@)sin(0)do
(Dan (I') - Zf)(r,ﬂg}
m Kiicuk mesafelerde (r <1 cm)
. _ G(r,0)
D(r,0) = Si.A.g(r). o0 . @an (1)

m Her bir kaynagin doza katkisinda anizotropi faktorii,
.,(r), kullanilir.



m Bu faktor tiim acilarda r uzakhktaki dozun transvers eksende
ayn1 uzakhktaki doza oramidir.

m Izotropik nokta kaynaklar icin tiim uzakhiklarda ¢, (r) = 1’dir.
Ancak gercek brakiterapi kaynaklari i¢in ¢, (r) 1 den kiigiiktiir
ve mesafeyle degisir.

TABLE IV. F{r.#) for Amersham model 6702.

. r [cm]
Polar angle
# (degrees) 05 1 2 3 4 5
0 0385 0.420 0.483 0.333 0.569 0.589
5 0413 0.472 0.546 0.586 0.613 0.631
10 0.531 0.584 0.630 0.660 0.681 0.697
15 0.700 0.700 0.719 0.738 0.74% 0.758
20 0.788 0.789 0.793 0.803 0.810 0.814
30 0.392 0.588 0.888 0.891 0.892 0.892
40 0945 0.943 0.544 0.944 0.944 0.5944
50 0.977 0.973 0.967 0.967 0.967 0.967
60 0.98% 0.985 0.983 0.983 0.983 0.983
70 0.996 0.992 0.580 0.990 0.930 0.59%0
80 1.000 0.935 0.598 0.998 0.998 0.998
7)) 0.986 0.960 0.852 0.951 0.9534 0.954

I-125 icin Monte Carlo simiilasyonu ile

m AAPM TG 186 (2012) modele dayah (Monte Carlo) doz hesaplamalan
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