
IM PACT  OF  STRIN GENT  TOL ER ANCE  CRI TE RIA  ON
VER I FI CA TION  OF  AB SORBED  DOSE  DIS TRI BU TIONS  AND

EVAL U A TION  THROUGH  INHOMOGENEOUS  ME DIA

by

Nevena OBAJDIN 1, Djeni SMILOVI] RADOJ^I] 1,2, Da vid RAJLI] 1,
Manda ŠVABI] KOLACIO 1, and Slaven JURKOVI] 1,2*

1Med i cal Phys ics De part ment, Uni ver sity Hos pi tal Rijeka, Rijeka, Croatia
2De part ment of Med i cal Phys ics and Bio phys ics, Fac ulty of Med i cine, Uni ver sity of Rijeka, Rijeka, Croatia

Sci en tific pa per
https://doi.org/10.2298/NTRP2202138O

Ad vances of ra di a tion de liv ery de vices have in creased the com plex ity of the ra di a tion on col ogy
treat ments. Here with, out come of the treat ment, as well as pa tient safety, strongly de pend on
the con sis tency of ab sorbed dose de liv ery. Both can be en sured by com pre hen sive sys tem of ver -
i fi ca tion of cal cu lated ab sorbed dose dis tri bu tions. Stan dard method is eval u a tion of cal cu lated
ab sorbed dose dis tri bu tion ac cord ing to gamma method, us ing a 2-D de tec tor and a ho mo ge -
neous phan tom, to ob tain mea sured dose dis tri bu tion. Pur pose of this re search was to in ves ti -
gate the in flu ence of tol er ance cri te ria on gamma pass ing rate. Ad di tion ally, the agree ment in
het er o ge neous phan tom was ana lysed. Ab sorbed dose cal cu la tions were per formed us ing sys -
tems Mo naco and XiO. De tec tor with 1020 ion iza tion cham bers in ho mo ge neous phan tom and 
semi-an thro po mor phic phan tom was used for mea sure ments. Ab sorbed dose dis tri bu tions of
around 3500 pa tients were ana lysed us ing gamma method. In ho mo ge neous phan tom, av er age
gamma pass ing rates were within tol er ance for 3 %/2 mm. For mea sure ments in het er o ge neous
me dia, the high est av er age gamma pass ing rate was ob tained for small vol umes of me dium
treat ment com plex ity (g  = 93.84 %), while large vol umes of treat ment with low com plex ity
yielded the low est gamma pass ing rates (g  = 83.22 %).

Key words: pre-treat ment ab sorbed dose ver i fi ca tion, tol er ance cri te ria, inhomogeneous me dia,
cal cu la tion al go rithm, pa tient safety

IN TRO DUC TION

Ab sorbed dose dis tri bu tion to be de liv ered dur -
ing ra di a tion ther apy treat ment is a pre req ui site for
suc cess ful treat ment out come and pa tient safety.
There fore, cal cu lated ab sorbed dose dis tri bu tions ac -
cu racy should be ver i fied along with the fea si bil ity of
the de liv ery, dur ing over all ra di a tion treat ment which
may last sev eral weeks. The tech no log i cal ad vances
led to de vel op ment of mod ern and highly so phis ti -
cated ra di a tion on col ogy tech niques, which has fur -
ther in creased the abil ity to con form dose to tar get vol -
umes and spare sur round ing tis sues. Nev er the less, this 
has in creased the com plex ity of the treat ment pro cess,
mak ing con stant up grade and evo lu tion of the qual ity
as sur ance (QA) pro gram cru cial. An im por tant part of
the QA pro gram is ver i fi ca tion of cal cu lated ab sorbed
dose dis tri bu tions [1-4]. The con sis tency of ab sorbed
dose de liv ery could be en sured by per form ing
pre-treat ment ver i fi ca tion of cal cu lated ab sorbed dose
dis tri bu tion. As this is per formed in di vid u ally for each 

pa tient un der go ing ad vanced ra di a tion ther apy treat -
ment, it is re ferred to as pa tient spe cific do sim e try
(PSD). Main task of PSD is to ver ify cal cu lated ab -
sorbed dose dis tri bu tion which ful filled re quests on
tar get vol ume cov er age and re stric tions re lated to
func tion al ity of ir ra di ated or gans of the pa tient. This
can be per formed by as sess ing agree ment of cal cu -
lated and mea sured ab sorbed dose dis tri bu tions. A
com mon method for PSD is eval u a tion of cal cu lated
ab sorbed dose dis tri bu tion, ac cord ing to gamma
method, us ing 2-D de tec tor and a ho mo ge neous phan -
tom, to ob tain mea sured dose dis tri bu tion [5, 6].

This re search was ac tu ated by changes in in ter -
na tional rec om men da tions re gard ing tol er ance lev els
[7]. Be sides this, the re cent stud ies [8, 9] have shown
that com mon tol er ance cri te ria used is still 3 % dose
dif fer ence and 3 mm dis tance-to-agree ment. Thus, the
first part of our re search in ves ti gates how changes in
tol er ance in flu ence gamma pass ing rates. Re sults of
PSD, per formed on around 3500 pa tient's ab sorbed
dose dis tri bu tions, ana lysed with both tol er ance cri te -
ria, will be pre sented. Ad di tion ally, the PSD con cept
was eval u ated through inhomogeneous me dia. The
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goal was to ana lyse the agree ment be tween ab sorbed
dose dis tri bu tions when inhomogeneity is in tro duced.

MA TE RI ALS AND METH ODS

This re search was per formed us ing de vices which 
are in clin i cal use for prep a ra tion, cal cu la tion, and de -
liv ery of ra di a tion ther apy treat ment. Set ting up and
per form ing PSD be gins at the CT sim u la tor Somatom
Open (Siemens Healthineers, Erlangen, Ger many) with 
im ag ing of the de tec tor along with the phan tom in mea -
sur ing setup. The de tec tor IBA Matrixx is a 2-D ar ray
de tec tor with 1020 ion iza tion cham bers (IBA Do sim e -
try GmBH, Schwarzenbruck, Ger many). Cal i bra tion of
the 2-D de tec tor in ab sorbed dose was per formed us ing
mea sure ments ob tained by Farmer-type ion iza tion
cham ber (TW30013, PTW Freiburg, Ger many) in ref -
er ence con di tions. The ef fec tive depth of 2-D de tec tor
mea sure ment plane has been de ter mined to be 3.6 mm
from the sur face of the de tec tor [10]. Dose cal cu la tions,
for this phan tom and de tec tor con fig u ra tion, were per -
formed us ing treat ment plan ning sys tems Mo naco v.
5.11, used for step and shoot in ten sity mod u lated ra di a -
tion ther apy (IMRT) tech nique (Monte Carlo based al -
go rithm – MC) and XiO v. 5.10 (both Elekta, Stock -
holm, Swe den) for for ward field in field tech nique (FiF) 
(stan dard su per po si tion al go rithm – SS). All the cal cu -
la tions by Mo naco were per formed as dose to me dium
in me dium (Dm,m). Here with, cal cu la tion is based on

elec tron den sity data which can be re lated to Hounsfield 
units ac quired us ing CT sim u la tor [11, 12]. Due to de -
tec tor and phan tom de sign, dose de liv ery was per -
formed in ver ti cal ge om e try with beam cen tral axes per -
pen dic u lar to the mea sur ing plane. Other treat ment
pa ram e ters re mained un changed. Two lin ear ac cel er a -
tors were used: Oncor Im pres sion with 6 MV and 15
MV X-ray beams, equipped with an 82-leaf collimator
(LA1) and Oncor Ex pres sion with 6 MV and 18 MV
X-ray beams, equipped with a 160-leaf collimator
(LA2) (both Siemens Healthineers, Erlangen, Ger -
many). For IMRT, only the 6 MV beam of LA2 was
used. All the de vices are un der com pre hen sive QA pro -
gram, de vel oped ac cord ing to in ter na tional rec om men -
da tions [13-15]. The IBA OmniProI'mRT (IBA Do sim -
e try GmBH, Schwarzenbruck, Ger many) was used to
ver ify agree ment be tween ab sorbed dose dis tri bu tions.

Mea sure ment pro ce dure –
ho mo ge neous me dia

Dosimetric ver i fi ca tion of ab sorbed dose dis tri -
bu tions us ing a ho mo ge neous phan tom should be per -
formed prior the first pa tient treat ment [1, 7]. Main
steps of such ver i fi ca tion are shown in fig. 1. De tec tor
and phan tom (Setup 1) were scanned at the CT sim u la -
tor and ac quired data were im ported into the treat ment
plan ning sys tem. Pa tient ab sorbed dose dis tri bu tion
was re cal cu lated as a QA plan us ing the scanned phan -

N. Obajdin, et al.: Im pact of Strin gent Tol er ance Cri te ria on Ver i fi ca tion of ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2022, Vol. 37, No. 2, pp. 138-144 139

Fig ure 1. Steps to be per formed for PSD in ho mo ge neous phan tom: CT scan ning of the de tec tor in the phan tom,
cal cu la tion of the 2-D dose dis tri bu tion, mea sure ment of the dose dis tri bu tion at the lin ear ac cel er a tor, and eval u a tion of
cal cu lated ab sorbed dose distribution



tom im ages. Such QA plan was de liv ered to the phan -
tom-de tec tor sys tem at the lin ear ac cel er a tor and the
ab sorbed dose dis tri bu tion was mea sured. Com par i -
son of mea sured and cal cu lated ab sorbed dose dis tri -
bu tion was per formed and the cal cu lated ab sorbed
dose dis tri bu tion was eval u ated.

Mea sure ment pro ce dure –
inhomogeneous me dia

While the ho mo ge neous phan tom rep re sents a
stan dard tool for pre-treat ment ver i fi ca tion, it does not
re flect the dif fer ent struc tures of hu man anat omy. For
this rea son, mea sur ing set ups us ing a semi-an thro po -
mor phic phan tom were in tro duced. Namely, the con -
di tions when pho ton beams are pass ing through dif fer -
ent an a tom i cal struc tures were sim u lated by CIRS
002LFC phan tom (Com put er ized Im ag ing Ref er ence
Sys tem Inc., Nor folk, USA). Phan tom is built of wa ter
den sity equiv a lent, lung den sity equiv a lent and bone
den sity equiv a lent ma te ri als.

Two mea sure ments set ups were cre ated us ing
parts of CIRS 002LFC phan tom: 5 cm (Setup 2) and 10 
cm (Setup 3), were placed on top of the 3 cm RW3
plates (PTW, Freiburg, Ger many), which are used to
en sure dose build-up, fig. 2. [1]. De tec tor was scanned
at the CT sim u la tor in both set ups. Pa tient dose dis tri -
bu tions were re cal cu lated for two set ups with
inhomogeneity.

Gamma method

Mea sured and cal cu lated ab sorbed dose dis tri -
bu tions were com pared us ing gamma anal y sis [5, 7,
16]. To per form the gamma anal y sis, two tol er ance cri -
te ria were set. One cri te rion re fers to low dose gra di ent 
re gions with the em pha sis on dose dif fer ence be tween
dose dis tri bu tions at the same in ter est point. The other
tol er ance cri te rion, DTA, re fers to high dose gra di ent
re gions and fo cuses on find ing two clos est in ter est
points with the same dose. Gamma is eval u ated ac -
cord ing to fol low ing equa tions  [17]
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where, rr, re de note the ref er ence and eval u ated dose
points, Dr, De de note the ref er ence and eval u ated dose
lev els, Dd, DD de note dis tance-to-agree ment and dose
dif fer ence cri te ria.

The AAPM TG-218 rec om mends tol er ance cri -
te ria to be 3 % dose dif fer ence and 2 mm DTA with
tol er ance limit set at gamma pass ing rate ³95 % [7].
Be fore, stan dard for gamma pass ing was 3 % dose
dif fer ence and 3 mm DTA which was orig i nally rec -
om mended by Low et al. [18]. To com pare the re sults
ac cord ing to both cri te ria, data col lected be tween
2016  and  2018 were ret ro spec tively ana lysed us ing
3 %/2 mm cri te ria. Data col lected be tween 2018 and
2021 were ana lysed us ing the pre vi ously es tab lished
3 %/3 mm cri te ria, also ret ro spec tively. Pa ram e ters
used for anal y sis, built-in IBA OmniProI'mRT were
set as: global gamma nor mal iza tion to a point with
max i mum dose, search dis tance to 4.5 cm, dose
thresh old to 10 % of the max i mum dose, dose max i -
mum to 100 % as rec om mended by Miften et al. [7].
All dose dis tri bu tions were ana lysed in terms of ab so -
lute dose. The spa tial res o lu tion of de tec tor was lim -
ited by the size and the dis tance be tween the cen tral
axis of ad ja cent ion iza tion cham bers and lin ear in ter -
po la tion was used to im prove res o lu tion. Mea sured
ab sorbed dose dis tri bu tion was taken as the ref er ence
ac cord ing to which cal cu lated dis tri bu tion is eval u -
ated [19].

Dose dis tri bu tions se lec tion
and sta tis ti cal anal y sis

At our de part ment, PSD is reg u larly per formed
us ing the de tec tor with the ho mo ge neous phan tom
(Setup 1). Gamma anal y sis was per formed for 2974
FiF (in the pe riod be tween 2016 and 2021) and 499
IMRT (in the pe riod of 2018 and 2021) cal cu lated ab -
sorbed dose dis tri bu tions, for dif fer ent treat ment sites.
This re sulted in 3473 dose dis tri bu tions pro cessed and
ana lysed in terms of gamma anal y sis. Dur ing this pe -
riod, dosimetric ver i fi ca tion of each cal cu lated ab -
sorbed dose dis tri bu tion (IMRT and FiF) was stan dard
prac tice at our de part ment.

Ad di tion ally, dose dis tri bu tions were sep a rated in 
five dif fer ent treat ment plan com plex i ties (TPC), which 
are re lated to dif fer ent treat ment sites, for ei ther FiF or
IMRT. Treat ment plan com plex ity was de ter mined con -
sid er ing treat ment vol ume size and treat ment unit
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Fig ure 2. Mea sure ment set-ups
cre ated with bot tom part of
MultiCube phan tom, ImRT
Ma trix de tec tor, 3 cm of RW3
plates and plates of 5 cm (a) and 
10 cm (b) of CIRS 002LFC
phan tom



multileaf collimator res o lu tion. Ad di tion ally, fluence
maps mod u la tion de grees were con sid ered for IMRT.
For FiF, the num ber of ad di tional fields and their size
and shape were con sid ered. Dose dis tri bu tions were
ana lysed for the three above spec i fied phan tom set-ups.
Re la tion be tween treat ment site and plan com plex ity is
shown in tab. 1.

Sta tis ti cal anal y sis was per formed by us ing the
TIBCO Statistica v. 14.00.15. One-way anal y sis of

vari ance (ANOVA) was ap plied as a para met ric test
and Kruskal-Wallis test as a non-para met ric test. The
sig nif i cance level was set at p-value <0.05.

RE SULTS

A sum mary of the ob tained pass ing rates is
shown in tab. 2 for dif fer ent treat ment plan com plex i -
ties. The av er age value of gamma pass ing rates and re -
spec tive stan dard de vi a tions for ab sorbed dose dis tri -
bu tions of dif fer ent treat ment plan com plex i ties are
re ported for dif fer ent tol er ance cri te ria.

The low est av er age value was ob tained for
TPC1  (FiF), with  97.64 % (3 %/3 mm)  and 95.22 %
(3 %/2 mm). Con sid er ing IMRT dose dis tri bu tions,
low est av er age gamma val ues were 97.24 % for TPC5
(3 %/3 mm) and 95.78 % for TPC4 (3 %/2 mm). When
the 3 %/3 mm and 3 %/2 mm cri te ria were ap plied, all
av er age gamma pass ing rates were within tol er ance
for both plan ning tech niques, shown in fig. 3.

For ab sorbed dose dis tri bu tions per dif fer ent
TPC, av er age val ues of gamma pass ing rates were
shown, tab. 3, with cor re spond ing stan dard de vi a -
tions, sep a rately for a ho mo ge neous setup (Setup 1)
and two lev els of inhomogeneity (Setup 2 and 3), ob -
tained us ing 3 %/3 mm and 3 %/2 mm.
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Table 1. Re la tion be tween treat ment site and plan com plex i ties; treat ment plan ning tech nique, treat ment unit and cal cu la tion
al go rithms are shown in the last three col umns

Treat ment plan com plex ity Treat ment site Code Treat ment plan ning
mo dal ity Treat ment unit Cal cu la tion al go rithm

Large vol ume, low com plex ity Rec tum TPC1

FiF

LA1

SS (XiO)
Large vol ume, me dium com plex ity Breast TPC2

Small vol ume, me dium com plex ity CNS TPC3
LA2

Large vol ume, high com plex ity Lung, H&N Pros tate TPC4

Large vol ume, high com plex ity Pros tate TPC4

IMRT LA2 MC (Mo naco)Small vol ume, me dium com plex ity CNS TPC3

Large vol ume, ex tra high
com plex ity H&N TPC5

Ta ble 2. Arith me tic means of gamma pass ing rates and
re spec tive stan dard de vi a tions for four dif fer ent com plex i ties
for FiF and three dif fer ent plan com plex i ties for IMRT dose
dis tri bu tions when 3 %/3 mm, 3 %/2 mm tol er ance cri te ria
are ap plied

Treat ment
plan ning

mo dal i ties

Treat ment plan
com plex ity

g  (SD) % points pass ing
with gamma <1

3 %/3 mm
tol er ance
cri te ria

3 %/2 mm
tol er ance
cri te ria

FiF

TPC1 97.64 (1.79) 95.22 (4.12)

TPC3 99.34 (1.18) 98.39 (2.01)

TPC2 98.85 (1.18) 96.99 (1.67)

TPC4 99.25 (1.04) 98.12 (1.81)

IMRT

TPC3 98.84 (1.51) 97.09 (1.87)

TPC4 97.80 (2.92) 95.78 (1.89)

TPC5 97.24 (3.19) 96.35(3.95)

Fig ure 3. Av er age gamma pass ing
rates for two plan ning tech niques
(FiF and IMRT), and two tol er ance
cri te ria (3 %/3 mm and 3 %/2 mm)



Gamma pass ing rates for dif fer ent TPC were
shown to be de pend ent on the level of het er o ge ne ity of
the treated vol ume. As ex pected, the high est av er age
gamma pass ing rates were ob tained us ing a ho mo ge -
neous phan tom (Setup 1), while the low est gamma
pass ing rates were ob tained for Setup 3.

High est av er age gamma pass ing rates were ob -
tained for TPC3. When 3 %/3 mm tol er ance cri te ria is
ap plied, mean gamma value was higher than 95% for
all set ups. Low est val ues were ob tained for TPC1,
with av er age gamma pass ing rate be ing 90.54 %
(Setup 3). Us ing 3 %/2 mm cri te ria, the high est mean
gamma value was ob tained for TPC3 with 98.73 %
(Setup 1) and the low est re sult for TPC1 with 83.22 %
(Setup 3).

Com par ing av er age gamma pass ing rates for
Setup 1 and Setup 3 (3 %/3 mm), the larg est gamma
de te ri o ra tion is ob served in TPC1 (Dg  = 6.69 %).

Treat ment plan with small est gamma de te ri o ra tion is
TPC3 with Dg  = 2.81 % (3 %/3 mm).

Ap ply ing 3 %/2 mm cri te ria, the larg est drop in
mean gamma value be tween Setup 1 and Setup 3 is
found for TPC1 with Dg  = 11.84 % and the low est drop 
for TPC5 with Dg  = 4.51 %.

Ad di tional anal y sis was per formed for two cal -
cu la tion al go rithms: stan dard su per po si tion al go rithm
for FiF and Monte Carlo based al go rithm for IMRT,
re gard ing the de te ri o ra tion of gamma pass ing rates
when inhomogeneity is in tro duced. De te ri o ra tion of
gamma pass ing rates cal cu lated be tween Setup 1 and
Setup 3, is shown in fig. 4. De te ri o ra tion of gamma
pass ing rates for 2 mm/2 % was also con sid ered in this
case.

De te ri o ra tion of gamma pass ing rates be tween
Setup 1 and Setup 3 is lower for IMRT ab sorbed dose
dis tri bu tions for all tol er ance cri te ria, with Dg  = 4.48 %, 
Dg  = 4.90 % and Dg  = 4.70 %, con sec u tive for tol er ance 
cri te ria 3 %/3 mm, 3 %/2 mm and 2 %/2 mm. The larg -
est de te ri o ra tion is ob served for FiF and tol er ance cri te -
ria 2 mm/2 % with Dg  = 8.74 %.

DIS CUS SION

In ten tion of this re search was to in ves ti gate the
de te ri o ra tion of gamma pass ing rates when cal cu lated
with rec om mended [7] strin gent cri te ria. It was shown
that gamma pass ing rate de te ri o rates when cal cu lated
with 3 %/2 mm tol er ance cri te ria but, av er age gamma
pass ing rates re main higher than 95 %, tab. 2 and fig. 3, 
when PSD is per formed, us ing the ho mo ge neous
phan tom.

The Kruskal-Wallis test for de ter mi na tion of sta -
tis ti cal dif fer ence be tween gamma pass ing rates for
dif fer ent treat ment plan com plex i ties (3 %/2 mm tol er -
ance cri te ria) has shown that a sta tis ti cally sig nif i cant
dif fer ence ex ists for TPC1 and TPC2, with p-val ues of
p < 0.0001 and p < 0.0025, re spec tively. This cor re -
sponds to the re sult re ported by Pulliam et al., [20]
who showed that the pa tient spe cific QA re sults could
dif fer sig nif i cantly be tween the treat ment sites. Sta tis -
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Ta ble 3. Arith me tic means of gamma value and
re spec tive stan dard de vi a tions for ab sorbed dose
dis tri bu tions for five treat ment plan com plex i ties.
Anal y sis was per formed for ho mo ge neous setup (Setup
1) and two dif fer ent lev els of inhomogeneity (Setup 2 and
3) us ing 3 %/3 mm and 3 %/2 mm tol er ance cri te ria

Treat ment
plan

com plex ity

g  (SD) % points pass ing
with gamma <1

3 %/3 mm 3 %/2 mm

TPC1

Setup 1 97.23 (0.49) 95.06 (0.58)

Setup 2 93.67 (1.50) 85.19 (1.73)

Setup 3 90.54 (1.95) 83.22 (3.39)

TPC2

Setup 1 98.79 (0.26) 97.35 (0.97)

Setup 2 97.27 (0.91) 92.19 (1.48)

Setup 3 93.35 (1.83) 90.88 (2.15)

TPC3

Setup 1 98.96 (0.74) 98.04 (1.06)

Setup 2 97.04 (0.89) 96.61 (1.29)

Setup 3 96.15 (1.34) 93.84 (2.02)

TPC4

Setup 1 98.21 (0.75) 96.39 (2.59)

Setup 2 96.15 (2.49) 92.47 (4.10)

Setup 3 92.00 (3.51) 89.73 (5.77)

TPC5

Setup 1 97.30 (0.31) 96.87 (1.03)

Setup 2 95.72 (0.20) 93.96 (0.08)

Setup 3 92.34 (0.48) 92.36 (1.06)

Fig ure 4. De te ri o ra tion of gamma
pass ing rates be tween ho mo ge neous
setup (Setup 1) and setup with 10 cm
plates of CIRS 002LFC phan tom
(Setup 3); deterioration was cal cu -
lated for two cal cu la tion al go rithms:
stan dard su per po si tion for FiF and
Monte Carlo based al go rithm for
IMRT, re spec tively



ti cally sig nif i cant dif fer ence (p > 0.2678) was not
found be tween av er age gamma pass ing rates for re -
main ing treat ment sites.

At our pre mises, two lin ear ac cel er a tors are used
for pa tient treat ments. They have dif fer ence in the
multileaf collimator de sign which de fine the res o lu -
tion of de liv ered ab sorbed dose dis tri bu tion. The leaf
widths at the isocenter are 1cm and 0.5 cm for LA1 and 
LA2, re spec tively. Dose dis tri bu tions of TPC1 and
TPC2 are de liv ered by the LA1, while other sites are
treated by the LA2. There is a sta tis ti cally sig nif i cant
dif fer ence (p = 0.00029) be tween av er age gamma
pass ing rates for two lin ear ac cel er a tors used, which
could be re lated to the multileaf collimator de sign,
which is also in ac cor dance with Pulliam et al. [20].

Com par ing IMRT dose dis tri bu tion gamma pass -
ing rates us ing Kruskal-Wallis test, the dif fer ence be -
tween treat ment plan com plex i ties was not sta tis ti cally
sig nif i cant for any of the tol er ance cri te ria used: p >
>,0.4953 with 3 %/3 mm and p > 0.1989 with 3 %/2 mm.

For mea sure ments per formed through inhomo-
geneous me dia, av er age gamma pass ing rates are the
low est for Setup 3, for all the treat ment plan com plex i -
ties, tab. 3. Sim i lar re sults were ob tained by Smilovi}
et al. [21]. This oc curs due to the 10 cm plates of
semi-an thro po mor phic phan tom (Setup 3). The treat -
ment plan com plex ity with the least de te ri o rat ing av er -
age gamma pass ing rate is TPC3 (2.81 % for 3 %/3
mm). This was ex pected, as ab sorbed dose for TPC3 is
typ i cally de liv ered to a small vol ume, which al lows
the beam to pass only slightly through dif fer ent den -
sity ar eas of the inhomogeneous setup. The larg est
drop in av er age gamma pass ing rates, re gard less of
Setup and tol er ance cri te ria, is ob served for TPC1,
6.69 % for 3 %/3 mm and 11.84 % for 3 %/2 mm tol er -
ance cri te ria. In these cases, the beams pass through a
large area of the inhomogeneous parts of the phan tom
which causes the de te ri o ra tion of gamma pass ing
rates. This is also a con se quence of larger leaf width of
LA1 multileaf collimator.

Gen er ally, de te ri o ra tion of gamma pass ing rates
from 3 %/3 mm to 3 %/2 mm cri te ria also sug gests that
the de tec tor res o lu tion is one of the lim it ing fac tors of
the anal y sis, as the dis tance be tween two ad ja cent ion -
iza tion cham bers is 7.619 mm [22]. This is pro -
nounced in the re gions of high dose gra di ents.

When com par ing the two cal cu la tion al go rithms,
lower gamma pass ing rate de te ri o ra tion is ob served for
Monte Carlo based al go rithm (IMRT), fig. 4, for all ap -
plied tol er ance cri te ria. This is ex pected, as it was
proofed that Monte Carlo based al go rithms are su pe rior
to an a lyt i cal al go rithms when dose dis tri bu tions are cal -
cu lated through inhomogeneous me dia [23]. Also, all
dose dis tri bu tions were cal cu lated as Dm,m, which was
shown to be in very good agree ment with Monte Carlo
cal cu la tions per formed by the gen eral pur pose Monte
Carlo N-Par ti cle (MCNP) code [24].

CON CLU SIONS

Tran si tion from 3 %/3 mm to 3 %/2 mm cri te ria
has shown that gamma pass ing rates ex ceed the 95 %
tol er ance limit for the strin gent cri te ria. This points to
op ti mal cal cu la tion and op ti mi za tion of dose dis tri bu -
tions, ap pro pri ate com mis sion ing of lin ear ac cel er a -
tors and treat ment plan ning sys tems, as well as a thor -
ough per for mance of a com pre hen sive QA pro gram.
Nev er the less, it is im por tant to be aware of pos si ble
lim i ta tions of the dif fer ent part of the sys tem, be cause
each of them may con sid er ably in flu ence ab sorbed
dose de liv ery and, con se quently, the treat ment out -
come and pa tient safety.

Fur ther more, gamma pass ing rates de pend on
the level of inhomogeneity of the re gion of in ter est. By 
in creas ing the level of inhomogeneity and thus ap -
proach ing re al is tic clin i cal sit u a tions, gamma pass ing
rates de te ri o rate. Hav ing this in mind, it is very im por -
tant to keep gamma pass ing rate of stan dard pa tient
spe cific do sim e try in ho mo ge neous me dia as high as
pos si ble to ob tain higher qual ity of the ab sorbed dose
de liv ery and, better out come of ra di a tion on col ogy
treat ment.

AU THORS' CON TRI BU TIONS

This re search was con ceived by N. Obajdin and
Dj. Smilovi} Radoj~i}. Data was col lected and ana -
lysed by N. Obajdin, Dj. Smilovi} Radoj~i}, D. Rajli}
and M. Švabi} Kolacio. Ret ro spec tive anal y sis was
done by N. Obajdin. Sta tis ti cal anal y sis was done by
Dj. Smilovi} Radoj~i}. Manu script was writ ten by N.
Obajdin, Dj. Smilovi} Radoj~i} and S. Jurkovi} and
re viewed by all au thors. N. Obajdin and Dj. Smilovi}
Radoj~i} have con trib uted to this work in equal parts.
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UTICAJ  PROMENE  KRITERIJUMA  PRIHVATQIVOSTI  NA  VREDNOVAWE
RASPODELA  APSORBOVANE  DOZE  U  HOMOGENOJ  I  NEHOMOGENOJ  SREDINI

Razvoj ure|aja i sistema u radijacijskoj onkologiji postavio je dodatne zahteve na
prora~un i optimizaciju raspodela apsorbovane doze. U~inak radioterapije temeqi se na
kontroli tumora i izbegavawu komplikacija zdravog tkiva. Obe veli~ine zavise od apsorbovane
doze pa je va`no ta~no odrediti wenu vrednost. To je mogu}e posti}i sistemom vrednovawa
izra~unatih raspodela apsorbovane doze.

U ovom istra`ivawu izra~unate raspodele apsorbovane doze za vi{e od 3500 pacijenata
vrednovane su gama metodom. Dodatno su osmi{qene razli~ite merne geometrije fantoma i 2-D
detektora, u svrhu ispitivawa uticaja nehomogenosti sredstva na odstupawe izra~unate i izmerene 
raspodele apsorbovane doze. Istra`ena je i zavisnost odstupawa od slo`enosti izra~unate
raspodele doze. Prora~un apsorbovane doze sproveden je kori{}ewem sistema za odre|ivawe i
optimizaciju raspodele doze Mo naco i XiO. Detektor sa 1020 jonizacijskih komora kori{}en je za
vrednovawe raspodele doze u kombinaciji s homogenim fantomom i semi-antropomorfnim
fantomom.

U homogenom fantomu, sredwa vrednost gama indeksa, za sve vrednovane raspodele doze,
vi{a je od 95 % za kriterijum prihvatqivosti od 3 %/ 2 mm. Za merewa u nehomogenom sredstvu,
najve}a  vrednost  gama indeksa  dobijena je  za  raspodele  doze sredwe slo`enosti i malih volumena
(g  = 93.84 %), dok je za raspodele doze niske slo`enosti i velikih volumena dobijena najni`a
vrednost gama indeksa (g  = 83.22 %).

Kqu~ne re~i: vrednovawe raspodela apsorbovane doze, kriterijum prihvatqivosti, nehomogena 
..........................sredina, ra~unarski algoritam, sigurnost pacijenata


