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This study in ves ti gates a novel 125I ra dio ther apy source. It eval u ates its dosimetric pa ram e ters us -
ing Monte Carlo sim u la tion around the source, fol low ing the up dated Amer i can As so ci a tion of
Phys i cists in Med i cine Task Group rec om men da tions. For this new source con fig u ra tion, the
dose rate con stant L, ge om e try func tion G(r, q), ra dial dose func tion gL(r), and ani so tropy func -
tion F(r, q), were de ter mined us ing Geant4 Monte Carlo sim u la tions. Ad di tion ally, a com par i son
of the ob tained dosimetric pa ram e ters with those of an ear lier 125I source model was con ducted to 
an a lyze the shad ow ing ef fect be tween the two de signs dur ing multi-source brachytherapy im -
plants.
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INTRODUCTION

Now a days, brachytherapy is widely used to treat
var i ous types of can cers, in clud ing oral, pros tate, cer vix,
breast, skin, neck, and other can cers. Brachytherapy
sources are pri mar ily clas si fied into two cat e go ries:
high-dose-rate (HDR) and low-dose-rate (LDR) sources. 
Ra dio ac tive iso topes such as 125I, 103Pd, and 131Cs are
com monly pre ferred for LDR brachytherapy due to their
low en ergy lev els, short half-lives, and ma te rial ver sa til -
ity [1-4].

Be fore start ing ra dio ther apy treat ment, it is es sen -
tial to en hance and val i date dosimetric pa ram e ters such
as the dose rate con stant, ge om e try func tion, ra dial dose 
func tion, and ani so tropy func tion around the
brachytherapy seed. This can be achieved ex per i men -
tally or through sim u la tion [5, 6]. Monte Carlo (MC)
sim u la tion codes are es pe cially valu able for mod el ing
brachytherapy sources. They ef fec tively sim u late the
ge om e try of these sources, the phys ics of ra di a tion in -
ter act ing with mat ter, and the pro cess of dose ab sorp -
tion. A sig nif i cant ad van tage of these sim u la tions is
their abil ity to pro vide dose data at lo ca tions where ex -
per i men tal mea sure ments are dif fi cult or im prac ti cal to
ob tain [7, 8].

There are many MC sim u la tion codes ca pa ble of
mod el ing source ge om e try, ra di a tion in ter ac tion, and
dose ab sorp tion in cells [9-11]. Among these, Geant4
stands out due to its ex cep tional ca pa bil ity in con struct -
ing and han dling var i ous de signs of ra dio ac tive sources.
Geant4, de vel oped by CERN (the Eu ro pean Or ga ni za -
tion for Nu clear Re search), is one of the most pow er ful
sim u la tion codes avail able. It pro vides a com pre hen sive
de scrip tion of ex per i ments and sup ports the ex trac tion of 
data nec es sary for sim u la tions [12, 13].

This study aims to char ac ter ize the dosimetric
pa ram e ters of a novel 125I brachytherapy source us ing
Geant4 MC sim u la tions, ad her ing to the up dated
Amer i can As so ci a tion of Phys i cists (AAPM) Task
Group rec om men da tions. The spe cific ob jec tives are
to de ter mine the dose rate con stant, ge om e try func -
tion, ra dial dose func tion, and ani so tropy func tion,
and to com pare these pa ram e ters with a pre vi ous 125I
source model to eval u ate the shad ow ing ef fect in
multi-source brachytherapy im plants.

MATERIAL AND METHODS

Geant4 MC simulations

Geant4 is a sim u la tion toolkit built on C++ class
li brar ies, widely used in high-en ergy phys ics, space
ra di a tion mod el ing, and med i cal phys ics. De vel oped
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in 1998 by CERN, it em ploys ob ject-ori ented pro -
gram ming and MC meth ods to sim u late par ti cle in ter -
ac tions with mat ter. The toolkit en ables us ers to de fine
com plex ge om e tries and ma te ri als, track par ti cles us -
ing ro bust phys i cal mod els, vi su al ize in ter ac tions, and
gen er ate sim u lated data. By in te grat ing ex per i men tal
and the o ret i cal mod els, Geant4 pro vides a com pre hen -
sive un der stand ing of par ti cle-ma te rial in ter ac tions
across a wide en ergy range, mak ing it a pre ferred
choice for com plex sim u la tions over tra di tional MC
codes [12, 13].

The ge om e try and source ar range ments are
coded in the man da tory Geant4 class
DetectorConstruction.cc. Phys ics pro cesses are de -
fined in PhysListEmLowEnergy.cc, where the fol low -
ing in ter ac tions are im ple mented: For gamma rays:
Compton scat ter ing, pho to elec tric ab sorp tion, pair
pro duc tion, and Ray leigh (co her ent) scat ter ing. For
elec trons and pos i trons: mul ti ple scat ter ing, ion iza -
tion, and brems strah lung. All classes are de signed
with ob ject-ori ented pro gram ming prin ci ples in C++
and in clude com pre hen sive rou tines for han dling
com plex tasks. The G4RunManager class acts as the
mae stro, con trol ling all ac tions and initializing the
sim u la tion setup by co or di nat ing the ex e cu tion of all
ar range ments.

Source description

The spec i fi ca tions of the cur rently in ves ti gated
125I seed are shown in fig. 1. The 125I source fea tures
rounded ends. The seed en cap su la tion has a to tal
length of 4.8 mm (0.3 mm lon ger than the pre vi ous de -
sign) and is con structed from ti ta nium with a 0.05 mm
wall thick ness (0.05 mm thin ner). The to tal length of
seed en cap su la tion is equal to 4.6 mm and is made of
ti ta nium (r = 4.54 gcm–3) with 0.05 mm thick ness that
con tains a pal la dium core hav ing a 3.5 mm ac tive
length, with 0.6 mm thick end. In con trast, our pre vi -
ous brachytherapy source de sign con tained four poly -
sty rene ion-ex change resin beads and two cen trally
po si tioned ra dio graphic mark ers com posed of an 80 % 
gold and 20 % cop per al loy.

Sim u la tions as sumed 40 % rel a tive hu mid ity and 
an air den sity of 0.00120 gcm–3. The dry air com po si -
tion (by mass per cent age) was de fined as H: 0.0732 %, 
C: 0.0123 %, N: 75.0325 %, O: 23.6077 %, and Ar:
1.2743 %. The atomic num ber and den sity of el e ments
used in the125I brachytherapy sources are pro vided in
tab. 1.

Dose rate constant 

Dose rate con stant  is the ra tio of dose rate 
 ( , )D r0 0q  [cGyh1] in wa ter at r0 = 1 cm, from the source 
cen ter on the trans verse plane and q0 = 90° to the air
kerma strength SK

L 
 ( , )D r

S K

0 0q (1)

The air-kerma strength SK is the prod uct of the
air kerma rate Kd [Gyh–1] and the square of the dis -
tance d to the point of spec i fi ca tion

S K dK d 2 (2)

It is ex pressed in Gys–1 but in a more con ve nient
way es pe cially for low-dose rate brachytherapy, in
Gyh–1, at 1 m. For con ve nience, Gym2h–1 is de noted 
by the sym bol U where 1U = cGycm2h–1 = Gym2h–1.
So, the dose rate con stant L has the unit of cGyh1U–1.
To cal cu late the air kerma strength of the 125 I cap sule,
an air sphere ring with a thick ness 0.01 cm was used to
de tect the ab sorbed dose as shown in fig. 2. 

Radial dose function calculation

Ra dial dose func tion con sid ers dose re duc tion
due to pho ton at ten u a tion and scat ter ing in the me -
dium. Ac cord ing to AAPM [14], the ra dial dose func -
tion g(r) is de fined as

g L ( )
 ( , ) ( , )
 ( , ) ( , )

r
D r G r

D r G r


q q

q q
0 0 0

0 0 0

L

L

(3)

W. Duo, et al., Monte Carlo Sim u la tion-Based Dosimetric Eval u a tion of a Novel ...
Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 4, pp. 312-317 313

   Fig ure 1. Sim u lated model of 125I brachytherapy source

Table 1. Atomic number and density of elements used in
the 125I seeds

Element Proton number (Z) Density [gcm–1]
Iodine (I) 53 4.93

Titanium (Ti) 22 4.51
Palladium (Pd) 46 12.02
Copper (Cu) 29 8.92
Gold (Au) 79 19.32

Fig ure 2. Dose rate cal cu la tion ge om e try at 1 cm from the 
source's cen ter



where L rep re sents the length of the ac tive source, q is
the po lar an gle as shown in fig. 3. The  ( , )D r0 0q  and
 ( , )D r q0  are dose rates mea sured away from the source
cen ter; the GL (r0, q0) and GL (r, q0) are the ge om e try
func tions on the trans verse plane at 1 cm and r in cm,
re spec tively.

Geometry function

The ge om e try func tion G(r, q) [cm–2] is cal cu -
lated by the fol low ing for mu las
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Anisotropy function

Ac cord ing to the AAPM [14], the ani so tropy
func tion de scribes the ani so tropy of dose dis tri bu tion
around the seed. It is de fined as the an gu lar de pend -
ence of pho ton scat ter ing and at ten u a tion in en cap su -
lat ing lay ers and me dia

F r
D r G r

D r G r
L

L

( , )
 ( , ) ( , )
 ( , ) ( , )

q
q q

q q
 0 0

0 0

(5)

Absorbed dose

The gen eral, 2-D equa tion of the ab sorbed dose
D(r, q) at a point from a brachytherapy source is [14]

D r S G r F r tk( , ) ( , ) ( , )q q q L (6)

where r – the dis tance from the cen ter of the ac tive source to
the point of in ter est, q – the po lar an gle spec i fy ing the point
of in ter est, rel a tive to the source lon gi tu di nal axis, and t – the 
time of ex po sure. In multi-source brachytherapy im plant

sce nar ios, the in ten sity of pho tons emit ted from each seed
into the treat ment vol ume may be re duced due to the shad -
ow ing ef fect from neigh bor ing seeds. This inter-seed ef fect
(ISE), dimensionless quan tity, be tween brachytherapy
sources can be quan ti fied us ing the fol low ing equation [14]

ISE 


D

D D
12

1 2

(7)

where D12 is the ab sorbed dose at a given point in side
the do sim e try me dium caused by the two seeds im -
plants, D1 and D2 – the ab sorbed dose at the same point
due to the sep a rate pres ence of source 1 and source 2.
The geo met ri cal ar range ment for ISE eval u a tion is
shown in fig. 4.

RESULTS AND DISCUSSION

In this study, the dosimetric prop er ties of the 125I
brachytherapy source were an a lyzed us ing Geant4-
based MC sim u la tions. The sim u la tion re sults were
com pared with pre vi ously pub lished data from our
ear lier pa per [9] and other stud ies, in clud ing the
125I-6711 [15], 125I-BT [16], 125I-IRA [17], and
125I-MED3631A/M [18] sources. In this ex per i ment, a 
dose-rate con stant of (0.925 0.019) cGyh–1U–1 was
cal cu lated for the en cap su lated source de sign us ing
MC sim u la tions. When com pared to pub lished data
for other com mer cial 125I brachytherapy sources tab.
2, the re sults dem on strate min i mal dis crep an cies be -
tween the val ues ob tained in this study and es tab lished
ref er ence data.
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Fig ure 3. Co-or di nate sys tem used for brachytherapy
do sim e try cal cu la tions

Fig ure 4. Sim ple method for cal cu lat ing ISE for cur rent
and ear lier 125I brachytherapy sources

Table 2. Comparison of dose rate constant , with other
125I seeds

Source (125I seeds) Dose-rate constant [cGyh–1U–1]
125I-MED3631A/M [18]. 1.067

125I-6711 [15] 0.942 1.76
125I-BT [16] 0.928 0.01

125I-IRA [17] 1.068

Our previous paper [9] 0.925 0.019
Current work



The ra dial dose func tion, gL(r), was cal cu lated
over a dis tance range of 0.25 cm to 10 cm from the
source cen ter us ing the Geant4 MC toolkit. The re sults 
showed a no ta bly strong agree ment with pub lished
data for other com mer cial 125I brachytherapy sources,
tab. 3. Ad di tion ally, the sim u lated ra dial dose func -
tion, g(r), for the 125I source was com pared to both
prior 125I seed de signs and our ear lier work, as il lus -
trated in fig. 4.

As shown in fig. 5, the ra dial dose func tion val -
ues of the model closely match those of the ref er ence
data in the re gions 0 < r < 1 cm and 6 < r < 10.0 cm.
Nev er the less, mod er ate de vi a tions are ob served
within the in ter me di ate range (1 < r < 6 cm). Com -
pared to pub lished data for com mer cial 125I seeds, the
dif fer ences be tween the model's re sults and the ref er -
ence data are neg li gi ble, in di cat ing good agree ment
across most ra dial dis tances.

Ani so tropy func tions were cal cu lated at ra dial
dis tances rang ing from 0.25 cm to 10 cm and at an gles

span ning 0° to 180° around the source. The re sult ing
ani so tropy func tion val ues are sum ma rized in tab. 4,
and their graph i cal rep re sen ta tion for the 125I source is
pro vided in fig. 6. Smooth vari a tions in ani so tropy
func tion val ues were ob served across all eval u ated an -
gles around the brachytherapy source.

Fi nally, we eval u ated ISE of the cur rent 125I
brachytherapy source and our pre vi ous source at dis -
tances from 1 cm to 7 cm, in in cre ments of 0.5 cm. As
il lus trated in fig. 7, ISE val ues at dis tances greater than 
3.5 cm con verge, re sult ing in a flat tened trend of ISE
vari a tions at far dis tances from the multi-seed im plant. 
This phe nom e non likely arises from the in creased
con tri bu tion of scat tered ra di a tion to the ab sorbed
dose at larger dis tances, which coun ter bal ances at ten -
u a tion ef fects. The in ter play be tween scat ter ing and
at ten u a tion ul ti mately leads to the ob served pla teau in
ISE trends at far dis tances.

CONCLUSION

In this study, the up dated 125I brachytherapy
source was val i dated us ing a Geant4 MC sim u la tion
code. The source ge om e try was mod eled, and key
AAPM-rec om mended dosimetric pa ram e ters-in clud -
ing the dose rate con stant, ge om e try func tion, ra dial
dose func tion, and ani so tropy func tion-were cal cu -
lated for the source. These re sults were com pared with
data from our ear lier de sign and pub lished val ues for
com mer cial 125I sources. The com puted pa ram e ters
were within clin i cally ac cept able tol er ances, con firm -
ing that the up dated source pro vides a dosimetric dis -
tri bu tion that meets clin i cal stan dards. Ad di tion ally,
the ISE be tween the cur rent and ear lier source de signs
was eval u ated to quan tify the shad ow ing ef fect in
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Table 3. Comparison of radial dose function, with other 125I seeds

Distance r [cm]
gL(r)

125I-MED3631A/M [18] 125I-6711 [15] 125I-BT [16] 125I-IRA[17] Previous paper [9] Current work
MCNP MCNP MCNP MCNP Geant4 Geant4

0.25 0.992 – – 1.102 1.007 0.998
0.30 1.002 – – – 1.005 1.004
0.35 1.008 – – – 1.010 1.007
0.40 1.012 – – – 1.018 1.016
0.50 1.015 1.07 1.074 1.075 1.017 1.015
0.60 1.016 – – – 1.021 1.018
0.75 1.014 1.025 1.025 1.042 1.019 1.016
1.00 1.000 1.000 1.000 1.000 1.013 1.013
1.25 0.977 – – – 1.002 0.973
1.50 0.948 0.908 0.914 0.914 0.968 0.943
1.75 0.917 – – – 0.936 0.917
2.00 0.883 0.814 0.822 0.819 0.84 0.883
2.50 0.810 – – – 0.768 0.814
3.00 0.733 0.633 0.645 0.643 0.697 0.735
4.00 0.590 0.482 0.496 0.492 0.565 0.594
5.00 0.466 0.361 0.379 0.37 0.432 0.436
7.00 0.277 0.199 0.212 0.205 0.256 0.267
10.00 0.121 – – – 0.112 0.115

Fig ure 5. Sim u la tion of ra dial dose func tion com pared to
other stud ies



multi-source im plant con fig u ra tions. The ISE val ues
con verge at dis tances be yond 3.5 cm, re sult ing in a
flat tened dose trend at larger ra dial dis tances. This be -
hav ior is at trib uted to the in ter play be tween scat tered
ra di a tion (which in creases with dis tance) and at ten u a -
tion ef fects, ul ti mately sta bi liz ing dose vari a tions in
multi-source im plants.
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Table 4. Simulation for anisotropy function of the designed 125I source from 0° to 180°

Polar angle (q°)
Simulated F (r, q)

r [cm]
0.25 0.50 1.00 2.00 5.00 10.00

0° 0.813 0.625 0.624 0.650 0.699 0.689
10° 0.833 0.780 0.761 0.790 0.744 0.756
20° 0.863 0.866 0.789 0.799 0.823 0.843
30° 0.888 0.846 0.886 0.851 0.886 0.881
40° 0.886 0.891 0.922 0.907 0.918 0.933
50° 0.943 0.931 0.915 0.914 0.942 0.941
60° 0.961 0.950 0.970 0.973 0.978 0.988
70° 1.001 0.985 0.955 0.957 0.957 0.953
80° 1.010 0.980 1.008 0.998 1.001 0.999
90° 1.000 1.000 1.000 1.000 1.000 1.000

100° 1.007 0.990 0.991 1.000 1.004 0.978
110° 0.979 0.967 0.967 0.978 0.987 0.989
120° 0.956 0.933 0.945 0.967 0.956 0.977
130° 0.931 0.901 0.926 0.967 0.966 0.933
140° 0.888 0.895 0.889 0.904 0.901 0.883
150° 0.840 0.801 0.810 0.833 0.852 0.861
160° 0.733 0.691 0.701 0.712 0.767 0.789
170° 0.715 0.620 0.676 0.666 0.701 0.723
180° 0.644 0.623 0.677 0.667 0.700 0.715

Fig ure 6. Geant 4 MC sim u la tions for F (r, q)

Fig ure 7. The val ues of inter-seed ef fect at dif fer ent
dis tances from the cur rent 125I brachytherapy
source and our pre vi ous source
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DOZIMETRIJSKA  PROCENA  NOVOG  125I  BRAHITERAPIJSKOG  IZVORA
ZASNOVANA  NA  MONTE  KARLO  SIMULACIJI

Komparativna procena dozimetrijskih parametara i efekata zaklawawa

Koriste}i Monte Karlo simulaciju oko izvora i prate}i a`urirane preporuke radne
grupe Ameri~kog udru`ewa fizi~ara u medicini, istra`ivan je novi izvor za radioterapiju 125 .
Za ovu novu konfiguraciju izvora, konstanta brzine doze L, geometrijska funkcija G(r, q),
funkcija radijalne doze gL(r) i funkcija anizotropije F(r, q), odre|ene su kori{}ewem Geant4
Monte Karlo simulacije. Pored toga, sprovedeno je pore|ewe dobijenih dozimetrijskih
parametara sa onima iz ranijeg modela izvora 125 , da bi se analizirao efekat zaklawawa izme|u
dva dizajna tokom implantata brahiterapije sa vi{e izvora.

Kqu~ne re~i: brahiterapija, Geant4 Monte Karlo simulacija, kapsularna struktura


