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By cal cu lat ing the dose es ti ma tion co ef fi cients for blad der phan toms with vary ing vol umes
and equiv a lent geo met ric shapes, this study of fers guid ance for the ef fi cient and ac cu rate as -
sess ment of risk or gan doses 18F im ag ing. Based on the mod el ing of blad der phan toms with
four dif fer ent equiv a lent geo met ric shapes, and con sid er ing pos si ble treat ment con di tions,
the Monte Carlo method was used to sim u late and cal cu late the ab sorbed doses and dose con -
ver sion co ef fi cients of blad der phan toms of dif fer ent shapes and sizes. The re sults show that
the ab sorbed dose of the blad der phan tom sig nif i cantly de creases with the in crease of blad der
vol ume, and the ab sorbed dose of 70 mL is about three times that of 270 mL. The ab sorbed
dose of the con i cal blad der phan tom is sig nif i cantly dif fer ent from other shapes, with a rel a -
tive de vi a tion of 6 to 30 times that of other shapes. The ra tio of blad der wall vol ume to sur face 
area of the con i cal blad der phan tom is sig nif i cantly dif fer ent from other shapes, with a rel a -
tive de vi a tion of 5 to 20 times that of other shapes. There fore, when us ing blad der phan toms
to cal cu late dose es ti ma tion co ef fi cients, it is nec es sary to con sider not only the ra tio of phan -
tom vol ume to sur face area but also the ac tual shape and vol ume of the blad der.
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IN TRO DUC TION

Pos i tron emis sion com puted to mog ra phy (PET), 
is highly ad vanced im ag ing tech nol ogy for pre cise
med i cal di ag nos tics. It is widely ap plied in clin i cal
can cer di ag no sis, with ra dio graphic im ag ing agents
con tain ing the ra dio ac tive iso tope 18F mak ing up over
90 % of to tal clin i cal ap pli ca tions. Dur ing its de cay
from an un sta ble to a ground state, 18F re leases a pos i -
tron, which rap idly an ni hi lates with free elec trons in
the tar get ma te rial, emit ting a pair of op po sitely di -
rected gamma pho tons, each with an en ergy of 0.511
MeV [1-6]. Any 18F that does not de cay at the le sion
site is me tab o lized and ex creted through the blad der.
When re tained in the blad der as pri mary urine, the 18F
de cay-emit ted pho tons will cause an ad di tional dose
bur den on the blad der wall and sur round ing or gans.
There fore, ac cu rately es ti mat ing risk or gans doses, es -
pe cially for the blad der, us ing Monte Carlo sim u la tion
is a trending topic in ra di a tion pro tec tion, do sim e try,
and nu clear med i cine [7-12].

Most cur rent stud ies es ti mate the blad der wall
dose us ing the med i cal in ter nal ra di a tion dose (MIRD) 
method [13]. How ever, MIRD does not ac count for
dy namic changes in pa ram e ters such as blad der wall
vol ume dur ing pri mary urine re ten tion, lead ing to in -

ac cu rate re sults. To this end, Wu et al. [14] pro posed a
dy namic bal loon-blad der phan tom, mod el ing the
blad der at dif fer ent times as a fixed-shaped el lip soid.
How ever, since the ac tual blad der shape changes with
urine fill ing, this sim pli fi ca tion may in tro duce ad di -
tional er rors in blad der wall dose es ti ma tion [15, 16].

This study aims to pro pose a blad der phan tom
group mod eled based on the GEANT4 soft ware. Us ing
sim u la tion cal cu la tions, we com pared the ab sorbed
doses in blad der walls with dif fer ent vol umes and
shapes [17], and dif fer ences in dose con ver sion co ef fi -
cients, thereby pro vid ing a ba sis for se lect ing a more ac -
cu rate equiv a lent geo met ric shape for blad der dose es ti -
ma tion. The re sults of this study will help to choose
med i ca tion con di tions that can re duce the dose re ceived 
by risk or gans, which is of great sig nif i cance for im -
prov ing the level of ra di a tion pro tec tion in nu clear med -
i cine and re duc ing the ex tra dose re ceived by pa tients.

MA TE RIAL AND METHOD

Blad der phan tom model

The shape and vol ume of the blad der change de -
pend ing on the de gree of urine fill ing. When empty, it
has a con i cal form. As urine con tin ues to fill, it grad u -
ally be comes el lip soi dal and fi nally ap prox i mates a
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spher i cal shape. The thick ness of the blad der wall is
usu ally 46 mm [18, 19]. This study sets up four
groups of blad der phan toms with vol umes of 70 mL,
120 mL, 180 mL, and 270 mL, re spec tively, to eval u -
ate the ab sorbed dose at dif fer ent fill ing stages. Each
vol ume in cludes four shapes: con i cal, frustum, el lip -
soi dal, and spher i cal, re sult ing in 16 (4 × 4) model pa -
ram e ters, as shown in tab. 1, with a con stant blad der
wall thick ness of 5 mm as sumed at each stage.

In the clin i cal can cer di ag no sis of PET [20], the ra -
dio ac tive ac tiv ity of 18F in the pa tient's body is gen er ally
185370 MBq, of which about 20 % is con cen trated in
the blad der. There fore, this study sets the ra dio ac tive spe -
cific ac tiv ity of urine at 0.3 MBq (mL)–1 to es ti mate the
ab sorbed dose of the blad der wall.

Monte Carlo sim u la tion cal cu la tion

The GEANT4 can han dle var i ous types of par ti cles
in clud ing pho tons, neu trons, and charged par ti cles.
GEANT4 is widely used in sci en tific re search and en gi -
neer ing ap pli ca tions, in clud ing high-en ergy phys ics ex -
per i ments, med i cal phys ics, nu clear en gi neer ing, earth
sci ence, and space sci ence. For pho ton trans port prob -
lems, GEANT4 ac cu rately mod els var i ous mi cro scopic
phys i cal pro cesses in de tail [21-23]. In this study, GEANT 
4 ver sion 11.2 is used, with QBBC as the se lected phys ics
list. The blad der phan tom used in this pa per has a reg u lar
shape, and the mod el ing is com pleted by Boolean op er a -
tion cut ting. The G4GeneralParticleSource Class of
GEANT4 sets a 0.511 MeV pho ton vol ume source with
an iso tro pic emis sion di rec tion. The num ber of par ti cles
used in each sim u la tion is set to 1010 to en sure that the er ror 
caused by sta tis ti cal fluc tu a tions is <5 %. The
G4UserAction Class of Geant4 is used to an a lyze sta tis ti -
cally the en ergy de po si tion sit u a tion of the blad der wall,
and the known ra dio ac tive ac tiv ity is used to cal cu late the
blad der dose con ver sion co ef fi cient for cor rec tion.

RE SULTS AND DIS CUS SION

Ab sorbed dose of blad der phan tom model 

Fig ure 1 shows the change in the ab sorbed dose
of four blad der phan tom mod els with dif fer ent shapes
as the blad der vol ume changes. As shown in fig. 1, for
any shape of blad der phan tom, its ab sorbed dose

shows a sig nif i cant down ward trend as blad der vol -
ume in creases. How ever, there is a cer tain dif fer ence
in the ab so lute value of the ab sorbed dose of dif fer ent
shape phan toms at the same vol ume. Tak ing the dose
ob tained by the spher i cal phan tom as a ref er ence
value, within the range of 70~270 mL, the rel a tive
stan dard de vi a tion of the dose for the cy lin dri cal and
el lip soi dal phan toms is only 1 % to 5 %. How ever, the
rel a tive de vi a tion of the ab sorbed dose ob tained by the 
con i cal phan tom sim u la tion is as high as 30 % to 32 %,
and there is a pos si bil ity of se ri ous un der es ti ma tion of
the ab sorbed dose This dif fer ence may be be cause var -
i ous blad der phan tom shapes have dis tinct ra tios of
blad der vol ume to ex ter nal sur face area at dif fer ent
vol umes, which fur ther causes an un even spa tial dis -
tri bu tion of tar get tis sues.

The ra tio of blad der wall vol ume to
phan tom ex ter nal sur face area

To fur ther in ves ti gate the cause of dose dif fer -
ences among dif fer ently shaped phan toms, fig. 2 il lus -
trates how the ra tio k of blad der wall vol ume to ex ter -
nal sur face area changes with blad der vol ume. As
shown in fig. 2, ex cept for the el lip soid, the k val ues of
var i ous phan tom shapes ex hibit only slight vari a tion
with vol ume. More over, the de vi a tion in k val ues be -
tween dif fer ent phan toms re mains rel a tively con stant,
align ing with the re sults in fig. 1, which in di cate that
the rel a tive stan dard de vi a tion of ab sorbed dose
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Ta ble 1. Geo met ric pa ram e ters of blad der mod els

Volume [mL]
Ellipsoid Sphere Cone Cylinder

Semiaxis a
[cm]

Semiaxis b
[cm]

Semiaxis c
[cm] Radius [cm] High [cm] Bottom radius

[cm] High [cm] Bottom radius
[cm]

70 2.45 2.50 2.45 2.50 5.00 3.54 5.00 2.04
120 2.96 3.00 2.96 3.00 6.00 4.24 6.00 2.45
180 3.46 3.50 3.46 3.50 7.00 4.95 7.00 2.83
270 3.87 4.00 3.87 4.00 8.00 5.66 8.00 3.27

Fig ure 1. Ab sorbed dose in 16 groups of blad ders



among phan toms shows min i mal vari a tion with vol -
ume. At the same blad der vol ume, us ing the ab sorbed
dose from the spher i cal phan tom as a ref er ence, the
rel a tive stan dard de vi a tion of the dose in the cy lin dri -
cal and el lip soi dal phan toms ranges from 2 % to 8 %.
Mean while, the rel a tive de vi a tion of the k value in the
con i cal phan tom is sig nif i cantly higher, reach ing 38 % 
to 40 %. This con firms that the dif fer ence in the ra tio
of blad der wall vol ume to phan tom ex ter nal sur face
area is the main rea son for the dif fer ence in the ab -
sorbed dose of phan toms with dif fer ent shapes.

Ab sorbed dose con ver sion co ef fi cient

In most cases, the es ti ma tion of the ab sorbed
dose of the in ner wall of the blad der is com pleted by
the dose con ver sion co ef fi cient (S value). There fore,
the S value un der var i ous phan tom shapes is cal cu lated 
as

S
D

A
 (1)

where D is the ab sorbed dose ob tained by sim u la tion
cal cu la tion and A – the ra dio ac tive ac tiv ity in the phan -
tom. The S val ues of the 16 phan tom groups are pre -
sented in tab. 2. As seen in tab. 1, when the vol ume re -
mains con stant, the S val ues of the cyl in der, el lipse,
and sphere are nearly iden ti cal, ex cept for the cone.
When the phan tom vol ume is dis trib uted be tween 70
mL and 270 mL, the S value is dis trib uted within (4.7 –
20.6) ×10–2 Gy(MBq)–1 and sig nif i cantly de creases

as the vol ume in creases. This in di cates that main tain -
ing a cer tain fill ing de gree of the blad der be fore tak ing
the drug will ef fec tively re duce the dose re ceived by
the blad der wall. How ever, there is a cer tain dif fer ence 
com pared to the S value ob tained by Hu et al. [24].
Fur ther op ti mi za tion of the re la tion ship be tween blad -
der wall thick ness and blad der vol ume, along with in -
creased elec tron dose cal cu la tions, will ef fec tively re -
duce this dif fer ence.

DIS CUS SION AND CONCLUSION

With the wide spread clin i cal ap pli ca tion of im -
ag ing agents con tain ing 18F, the mea sure ment of ab -
sorbed doses to or gans at risk, par tic u larly the blad der,
has re ceived sig nif i cant at ten tion. Cur rently, the main
ap proach to ob tain ing equiv a lent blad der wall S val -
ues is by mea sur ing dose con ver sion co ef fi cients us -
ing phan toms with fixed shapes, which sig nif i cantly
dif fer from the ac tual phys i o log i cal mor phol ogy of the 
blad der. In this study, we used GEANT4 soft ware to
model four blad der phan toms with dif fer ent mor pho -
log i cal char ac ter is tics. We con ducted an in-depth in -
ves ti ga tion into how ab sorbed dose re lates to phan tom
mor phol ogy and fill ing sta tus. The find ings in di cate
that, re gard less of the shape of the blad der phan tom,
the ab sorbed dose de creases as vol ume in creases,
which is highly con sis tent with the re sults of Wu et al.
[14]. Anal y sis also showed that the dose con ver sion
co ef fi cient ob tained by the con i cal phan tom de vi ates
from other equiv a lent blad der shapes, with a max i -
mum rel a tive dif fer ence of up to 32 %. Ad di tion ally,
the vol ume-to-sur face area ra tio of the phan tom ap -
pears to be a key fac tor con trib ut ing to this dif fer ence.
There fore, re ly ing on overly sim pli fied phan tom
shapes, such as el lip soi dal phan toms, in equiv a lent
dose trans fer co ef fi cient cal cu la tions for the real hu -
man blad der war rants care ful con sid er ation. The mor -
pho log i cal pa ram e ters of the real hu man blad der are
com plex and vari able. Us ing voxelized phan toms for
dose cal cu la tions can help iden tify sim pli fied blad der
phan tom shapes, en abling rapid, ac cu rate, and cost-ef -
fec tive mea sure ment of S val ues. This ap proach may
also help min i mize the dose to or gans at risk, thereby
low er ing sto chas tic ef fects in pa tients.
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Fig ure 2.  The ra tio of blad der wall vol ume to
ex ter nal sur face area in 16 groups
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Jenbang TANG

STUDIJA  O  KOEFICIJENTIMA  KONVERZIJE  EKVIVALENTNE
DOZE  U  BE[ICI  NA  OSNOVU  MONTE  KARLO  SIMULACIJE

Izra~unavawem koeficijenata procene doze za fantome be{ike razli~itih zapremina i
ekvivalentnih geometrijskih oblika, ova studija nudi smernice za efikasnu i ta~nu procenu doza
18  za rizi~ne organe. Na osnovu modelovawa fantoma be{ike sa ~etiri razli~ita ekvivalentna
geometrijska oblika i uzimaju}i u obzir mogu}e uslove le~ewa, kori{}ena je Monte Karlo metoda
za simulaciju i izra~unavawe apsorbovanih doza i koeficijenata konverzije doze fantoma be{ike
razli~itih oblika i veli~ina. Rezultati pokazuju da apsorbovana doza fantoma be{ike opada sa
pove}awem zapremine be{ike, a apsorbovana doza za 70  je oko tri puta ve}a od doze za 270 .
Apsorbovana doza koni~nog fantoma be{ike zna~ajno se razlikuje od drugih oblika, sa relativnim
odstupawem od 6 do 30 puta u odnosu na druge oblike. Odnos zapremine zida be{ike i povr{ine
koni~nog fantoma be{ike razlikuje se od drugih oblika, sa relativnim odstupawem od 5 do 20 puta
u odnosu na wih. Stoga, kada se koriste fantomi be{ike za izra~unavawe koeficijenata procene
doze, potrebno je uzeti u obzir ne samo odnos zapremine fantoma i povr{ine, ve} i stvarni oblik i
zapreminu be{ike.

Kqu~ne re~i: pozitronska emisiona tomografija, Monte Karlo, nuklearna medicina,
..........................dozimetrija zra~ewa


