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Ra di a tion dose dis tri bu tions in var i ous parts of the body are of im por tance in ra dio ther -
apy. Also, the per cent depth dose at dif fer ent body depths is an im por tant pa ram e ter in
ra di a tion ther apy ap pli ca tions. Monte Carlo sim u la tion tech niques are the most ac cu -
rate meth ods for such pur poses. Monte Carlo com puter cal cu la tions of pho ton spec tra
and the dose ra tios at sur faces and in some in ter nal or gans of a hu man equiv a lent phan -
tom were per formed. In the pres ent pa per, dose dis tri bu tions in dif fer ent or gans dur ing
blad der ra dio ther apy by 6 MeV X-rays were mea sured us ing thermoluminescence do -
sim e try placed at dif fer ent points in the hu man-phan tom. The phan tom was ir ra di ated
in ex actly the same man ner as in ac tual blad der ra dio ther apy. Four treat ment fields were
con sid ered to max i mize the dose at the cen ter of the tar get and min i mize it at non-tar get
healthy or gans. All ex per i men tal setup in for ma tion was fed to the MCNP-4b code to
cal cu late dose dis tri bu tions at se lected points in side the pro posed phan tom. Per cent
depth dose dis tri bu tion was per formed. Also, the ab sorbed dose as ra tios rel a tive to the
orig i nal beam in the sur round ing or gans was cal cu lated by MCNP-4b and mea sured by
thermoluminescence do sim e try. Both mea sured and cal cu lated data were com pared.
Re sults in di cate good agree ment be tween cal cu lated and mea sured data in side the phan -
tom. Com par i son be tween MCNP-4b cal cu la tions and mea sure ments of depth dose
dis tri bu tion in di cated good agree ment be tween both. 
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MCNP in radiotherapy

IN TRO DUC TION

Ra dio ther apy is the use of ion iz ing ra di a tion to
kill can cer cells and de crease tu mor size. Ra di a tion
ther apy aims to de stroy cells in the tu mor tar get vol -
ume be ing treated. Most can cer pa tients re ceive some
type of ra di a tion ther apy [1]. Nor mal cells are also af -
fected by ra di a tion and ra dio ther apy tech niques are
mod u lated to spare these cells from ra di a tion in jury. In 

some cases, the aim of ra di a tion treat ment is the com -
plete de struc tion of an en tire tu mor. In other cases, the 
aim is to re duce tu mor size to re lieve symp toms. Ra -
dio ther apy treat ment plan ning al ways aims to spare as 
much healthy tis sue as pos si ble.

Dur ing ra dio ther apy, it is nec es sary to cal cu late
dose dis tri bu tions in both tar get and non-tar get or -
gans in the body. Monte Carlo sim u la tion tech niques 
are the most ac cu rate meth ods for this pur pose [2-4].
The MCNP-4b is a gen eral-pur pose Monte Carlo
N-par ti cle code that can be used for neu tron, pho -
ton, elec tron, or cou pled neu tron/pho ton/elec tron
trans port [5]. The prin ci ple of a Monte Carlo sim u la -
tion is to sim u late ra di a tion trans port, know ing the
dis tri bu tion prob a bil ity gov ern ing each in ter ac tion
of par ti cles in ma te ri als [6]. In this work, the dose dis -
tri bu tion from 6 MeV X-rays in four fields in a hu -
man equiv a lent phan tom was cal cu lated us ing
Monte Carlo N-par ti cle code and also mea sured by
the thermoluminescence do sim e try tech nique
(TLD). Re sults of both cal cu lated and mea sured
data were com pared.
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MA TE RI ALS AND METH ODS

The uri nary blad der was se lected for this study
be cause blad der can cer is one of the most com mon
can cers in Egypt. The blad der is tet ra he dral in shape,
with a vol ume of about 248.7 cm3. It lies en tirely in
the pel vis but, as it dis tends, it ex pands
anterosuperiorly into the ab dom i nal cav ity. In the
male, it is pos te ri orly re lated to the rec tum and sa cral
ver te brae, while in the fe male, it is re lated to the an te -
rior vag i nal wall. CT scans for blad der were per -
formed to iden tify the tar get size. The field size was
marked on the phan tom (13.5 cm width and 11 cm
length) and the slices in cluded in the field were de ter -
mined.

The Elekta SL75-5 Linac, which is a com pact
isocentric megavoltage X-ray ther apy ma chine pro -
duc ing X-rays of a max i mum en ergy of 6 MeV was
used. The FO CUS Treat ment Plan ning Sys tem,
which is a two-di men sional ra di a tion Treat ment
Plan ning Sys tem (TPS), was used to de velop treat -
ment plan ning for can cer pa tients. It is de vel oped
by Com put er ized Med i cal Sys tems Inc. (CMS).

The Alderson Rando Phan tom (ARP) was
used to sim u late hu man tis sue-equiv a lent ma te rial
com po si tion. The ir ra di a tion was car ried out at the
Ra dio ther apy unit, Mansoura Uni ver sity. The ARP
was sim u lated by the Ximatron CX ra di ol ogy sim u -
la tor, Varian – TEM. A com puter pro gram for the
sim u la tion au to mat i cally po si tions the phan tom
couch and the la ser cross to de fine the scans and
treat ment fields. Varian – TEM Ximatron C se ries
Ver sion Cx:3.64.4. soft ware was used.

Most of the com monly used com pu ta tional
mod els of the hu man body are the so-called math e -
mat i cal mod els. Math e mat i cal ex pres sions rep re -
sent ing planes, cy lin dri cal, con i cal, el lip ti cal or
spher i cal sur faces are used to de scribe ide al ized ar -
range ments of body or gans. In this work, a math e -
mat i cal model for the hu man body was used to cal -
cu late pho ton spec tra, as well as the dose ra tios at
the sur faces and in some of the in ter nal or gans of
this model. This type of a model was in tro duced by
Fisher and Snyder [7] of the Oak Ridge Na tional
Lab o ra tory for the adult hu man and was fur ther re -
fined by Snyder et al [8]. Dis tinct male and fe male
adult math e mat i cal mod els, called Adam and Eve,
have been de vel oped. For all of these mod els, the or -
gan vol umes are in ac cor dance with the ICRP data
on Ref er ence Man [9].

The LiF TLD (Harshaw TLD-100 LiF:Mg
Ti, Harshaw Chem i cal, Solon, USA) were used
to per form mea sure ments. LiF chips (3.2 ́  3.2 ́
´ 0.9 mm) were an nealed un der the stan dard
con di tions: 400 °C for 1 h, fol lowed by 100 °C
for 20 h and then used in mea sure ments dur ing
the ir ra di a tion pro cess.

The to tal dose to the blad der was 5000 cGy
over a 25-treat ment ses sion, the daily dose frac tion
was 200 cGy per treat ment ses sion. The weight
frac tion was 50 cGy for each of the four fields, with
gan try an gles of 0°, 180°, 270°, and 90° (an te rior,
pos te rior, right and left fields, re spec tively). The
four treat ment fields aimed to fo cus the max i mum
dose at the blad der cen ter and to min i mize the dose
to the sur round ing nor mal or gans. The source to
sur face skin dis tance (SSD) was 100 cm. Dur ing the 
ex per i ment, TLD de tec tors were placed at se lected
sites in side the phan tom, as shown in fig. 1: 
1 - be tween the two nip ples on the sur face of the

jjjskin,
2 - at the vault of the head,
3 - one cm be low skin sur face, in the cen tral beam

jjjaxis,
4 - three cm left from the cen tral beam, at 4 cm

jjjbe low skin sur face,
5 - three cm right from the cen tral beam, at 4 cm

jjjbe low skin sur face,
6 - at the tar get cen ter (blad der), 7 cm be low skin

jjjsur face,
7 - along the cen tral beam, 1.5 cm from the tar get

jjjcen ter (blad der),
8 - three cm left from the cen tral beam, 1.5 cm

jjjfrom the tar get cen ter,
9 - three cm right from the cen tral beam, 1.5 cm

jjjfrom the tar get cen ter (blad der), and
10 - at the sa cral re gion of the spine, 11.5 cm away

jjjfrom the blad der cen ter.

Af ter the ir ra di a tion pro cess, the TLDs were
re moved and read out by the TLD reader (Harshaw
4000, USA) at the Ra di a tion Pro tec tion De part -
ment, Nu clear Re search Cen ter, Atomic En ergy
Au thor ity, Cairo.

Fig ures 2A, 2B, 2C, and 2D, show the hor i -
zon tal cut of the com put er ized model at the cen ter
of the tar get (blad der) and the shape of the field size
for the four treat ment fields.
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Fig ure 1. Hor i zon tal sec tion of the phan tom, show -
ing the po si tion of the TLDs, num bers 3 to 10



RE SULTS

Cal cu lated and mea sured dose
dis tri bu tion at se lected points

The sites of the se lected points (1-10) are
spec i fied in the meth od ol ogy. The to tal dose mea -
sured dur ing the ir ra di a tion pro cess, com pared
with that ob tained from the cal cu la tion, is pre -
sented as a dose ra tio rel a tive to the given dose
(200 cGy). The num ber of TLDs on the x-axis
(from 3 up to 10) is il lus trated in fig 1. Fig ures 3
and 4 il lus trate that the max i mum dose was at the
cen ter of the blad der, with the dose de creas ing
with the dis tance from the cen ter of the tar get. The
cal cu lated and mea sured doses were very small for
po si tions 1 and 2, be cause the ra di a tions that
reached these sites were mainly scat tered pho tons.
The com par i son of cal cu lated and mea sured dose
ra tios for all points in di cated good agree ment be -
tween code cal cu lated and mea sured TLD data.

Depth dose dis tri bu tion

An es sen tial step in the sys tem of dose cal cu la -
tion in ra dio ther apy is to es tab lish the depth dose
vari a tion along the cen tral axis of the beam. One
way of char ac ter iz ing the cen tral axis dose dis tri bu -
tion is to nor mal ize depth doses with re spect to
doses at a ref er ence depth along the cen tral axis. The 
quan tity per cent age depth dose may be de fined as
the quo tient ex pressed as a per cent age of the ab -
sorbed dose at any depth “d”, to the ab sorbed dose
at a fixed ref er ence depth “d0”, along the cen tral
axis. A num ber of pa ram e ters af fect the cen tral axis
depth dose dis tri bu tion. These in clude beam qual -
ity (en ergy), depth from skin sur face, field size and
shape, source to sur face dis tance and beam
collimation [10]. Mea sure ments of depth dose dis -
tri bu tion were per formed us ing a wa ter phan tom of 
a ca pac ity of 80 cm3 by ion cham ber 0.125 cm3.

Fig ure 5 shows the com par i son be tween
MCNP-4b code cal cu la tions and the mea sure -
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Fig ure 2. Hor i zon tal cut at the cen ter of the blad der:  (A) An te rior field, (B) Pos te rior field, (C) Right
field, and (D) Left field



ments of the per cent age depth dose dis tri bu tions

for a 6 MeV X-ray. The vari a tion in skin doses be -

tween cal cu lated and mea sured data is due to the

meth od ol ogy (us ing the wa ter phan tom in stead of

the tis sue equiv a lent phan tom). These in di cate

good agree ment be tween the com pared data.
Depth dose dis tri bu tion for the four treat ment 

fields was de ter mined the o ret i cally by the

MCNP-4B code. Fig ure 6 shows the depth dose dis -

tri bu tion for the an te rior field at an an gle of 0o. The

doses in di cated are in ref er ence to the dose at the

build ing up point, at 1.5 cm un der the skin sur face.

As shown in the fig ure, the dose de creases grad u ally
from the ref er ence point to the point at the spine
(11.5 cm from the pos te rior blad der cen ter).

The dose dis tri bu tion for the pos te rior field is 
presented in fig. 7. The doses are in ref er ence to the 
dose at 10 cm on the y-axis. As shown in the fig ure, 
the dose de creases grad u ally from the ref er ence
point to the op po site sur face. 

Fig ure 8 shows the depth dose dis tri bu tion for
the right field. The doses are in ref er ence to the dose
at –16 cm on the x-axis, un der the skin sur face by
1.25 cm. As shown in the fig ure, the doses de crease
grad u ally from the ref er ence point, to the cor re -
spond ing point at the pos i tive di rec tion of the x-axis.

Depth dose dis tri bu tion for the left field is
shown in fig. 9. The doses are in ref er ence to the
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Fig ure 3. Cal cu lated (solid line) and mea sured (dot -
ted line) dose ra tios for all ten points

Fig ure 4. Cal cu lated (solid col umn) and mea sured
(white col umn) dose ra tios for all ten points

Fig ure 5. Com par i son be tween MCNP-4b cal cu la -
tion and the mea sured depth dose dis tri bu tion

Fig ure 6. Per cent age depth dose dis tri bu tion in the
an te rior field

Fig ure 7. Per cent age depth dose dis tri bu tion in the
pos te rior field

Fig ure 8. Per cent age depth dose dis tri bu tion in the
right field



dose at 16 cm on the x-axis. It is ob vi ous that the
doses de crease grad u ally, from the ref er ence point
to the op po site sur face.

Fig ures 6 to 9  in di cate that the dose reach ing
the cen ter of the tar get from the an te rior and pos te -
rior fields amounts to 71% of the ref er ence dose at
1.5 cm be low skin sur face. The doses that reach the 
cen ter of the tar get from right and left fields
amount to 62% of the ref er ence dose. The to tal
dose from the sum ma tion of the four fields
amounts to 100% of the given dose at the cen ter of
the tar get.

DIS CUS SION

It is im por tant to point out the ob served,
slight dif fer ences in the re sults ob tained from code
cal cu la tions and TLD mea sure ments. These dif fer -
ences are most no tice able in dose mea sure ments
for the ten se lected points, es pe cially points 3 and
10 (most an te rior and most pos te rior points, re -
spec tively), show ing a higher read ing for the cal cu -
lated than the mea sured data. How ever, for points
4 to 9, the mea sured data ap pear to be ap prox i -
mately equal or slightly higher than that of the cal -
cu lated data. The most plau si ble ex pla na tion for
this lies in the vari a tions of dis tances of the fields
from the cen tral point (point No. 6), which is the
cen ter of the tar get or gan (blad der). It is also pos si -
ble that un du la tions in beam en ergy, slightly more
or slightly less than 6 MeV, are pos si ble in X-ray
equip ment. How ever, the vari a tions be tween the
cal cu lated and mea sured dose dis tri bu tion are ac -
cepted to be, ex per i men tally, in good agree ment.

CON CLU SION

There was good agree ment be tween cal cu -
lated and mea sured doses for the blad der (tar get or -
gan) and the sur round ing healthy or gans. Monte
Carlo cal cu la tions are valu able for pre dict ing dose
dis tri bu tion in the pa tient and also use ful for pre -
dict ing the ra di a tion scat tered by the pa tient. The

MCNP-4b dose cal cu la tion sys tem proved an im -
por tant ve hi cle for dem on strat ing the prom ise of
Monte Carlo mod el ing in ra di a tion ther apy. 
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Fig ure 9. Per cent age depth dose dis tri bu tion in the
left field
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PORE\EWE  RA^UNATIH  I  MERENIH  RASPODELA  DOZA
U  HUMANOM  FANTOMU  IZLO@ENOM  DEJSTVU  ^ETIRI  SNOPA

LINEARNOG  AKCELERATORA  OD  6 MeV

U radioterapiji su od zna~aja ne samo raspodela doza zra~ewa u razli~itim delovima
tela, ve} i relativne raspodele doza po dubini tela. Za ove svrhe, tehnike Monte Karlo simulacije
predstavqaju najta~nije metode prora~una, te se obavqaju Monte Karlo simulacije fotonskog
spektra i odnosa doza na povr{inama i nekim unutra{wim organima humanog fantoma. U ovom radu
prikazane su raspodele doza u razli~itim organima tokom terapije be{ike X-zracima od 6 MeV
dobijene termoluminiscentnim dozimetrima sme{tenim u razli~itim ta~kama humanog fantoma.
Fantom je bio ozra~en na potpuno isti na~in kao u pravoj radioterapiji be{ike. Primewena su
~etiri terapijska poqa da se u~ini maksimalnom doza u centru mete, a minimalnom u zdravim
organima van mete. Svi podaci o eksperimentalnoj postavci uneti su u MCNP-4b pro gram radi
prora~una raspodela doze u izabranim ta~kama unutar pretpostavqenog fantoma. Odre|ena je
raspodela relativne doze po dubini. [ta vi{e, programom MCNP-4b ra~unata je apsorbovana doza u 
okolnim organima kao relativni odnos prema originalnom snopu, a merena je i posredstvom
termoluminiscentne dozimetrije. Upore|eni rezultati upu}uju na dobro slagawe merenih i
ra~unatih vrednosti unutar fantoma. Tako|e, pore|ewe MCNP-4b prora~una i merewa raspodele
doze po dubini ukazuje i na wihovo dobro slagawe.

Kqu~ne re~i:  raspodela doze, humani fantom, radioterapija mokra}ne be{ike, MCNP
                          u radioterapiji


