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Advances of radiation delivery devices have increased the complexity of the radiation oncology
treatments. Herewith, outcome of the treatment, as well as patient safety, strongly depend on
the consistency of absorbed dose delivery. Both can be ensured by comprehensive system of ver-
ification of calculated absorbed dose distributions. Standard method is evaluation of calculated
absorbed dose distribution according to gamma method, using a 2-D detector and a homoge-
neous phantom, to obtain measured dose distribution. Purpose of this research was to investi-
gate the influence of tolerance criteria on gamma passing rate. Additionally, the agreement in
heterogeneous phantom was analysed. Absorbed dose calculations were performed using sys-
tems Monaco and XiO. Detector with 1020 ionization chambers in homogeneous phantom and
semi-anthropomorphic phantom was used for measurements. Absorbed dose distributions of
around 3500 patients were analysed using gamma method. In homogeneous phantom, average
gamma passing rates were within tolerance for 3 %/2 mm. For measurements in heterogeneous
media, the highest average gamma passing rate was obtained for small volumes of medium
treatment complexity (y = 93.84 %), while large volumes of treatment with low complexity
yielded the lowest gamma passing rates (y = 83.22 %).

Key words: pre-treatment absorbed dose verification, tolerance criteria, inhomogeneous media,
calculation algorithm, patient safety

INTRODUCTION

Absorbed dose distribution to be delivered dur-
ing radiation therapy treatment is a prerequisite for
successful treatment outcome and patient safety.
Therefore, calculated absorbed dose distributions ac-
curacy should be verified along with the feasibility of
the delivery, during overall radiation treatment which
may last several weeks. The technological advances
led to development of modern and highly sophisti-
cated radiation oncology techniques, which has fur-
ther increased the ability to conform dose to target vol-
umes and spare surrounding tissues. Nevertheless, this
has increased the complexity of the treatment process,
making constant upgrade and evolution of the quality
assurance (QA) program crucial. An important part of
the QA program is verification of calculated absorbed
dose distributions [1-4]. The consistency of absorbed
dose delivery could be ensured by performing
pre-treatment verification of calculated absorbed dose
distribution. As this is performed individually for each
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patient undergoing advanced radiation therapy treat-
ment, it is referred to as patient specific dosimetry
(PSD). Main task of PSD is to verify calculated ab-
sorbed dose distribution which fulfilled requests on
target volume coverage and restrictions related to
functionality of irradiated organs of the patient. This
can be performed by assessing agreement of calcu-
lated and measured absorbed dose distributions. A
common method for PSD is evaluation of calculated
absorbed dose distribution, according to gamma
method, using 2-D detector and a homogeneous phan-
tom, to obtain measured dose distribution [5, 6].
This research was actuated by changes in inter-
national recommendations regarding tolerance levels
[7]. Besides this, the recent studies [8, 9] have shown
that common tolerance criteria used is still 3 % dose
difference and 3 mm distance-to-agreement. Thus, the
first part of our research investigates how changes in
tolerance influence gamma passing rates. Results of
PSD, performed on around 3500 patient's absorbed
dose distributions, analysed with both tolerance crite-
ria, will be presented. Additionally, the PSD concept
was evaluated through inhomogeneous media. The
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goal was to analyse the agreement between absorbed
dose distributions when inhomogeneity is introduced.

MATERIALS AND METHODS

This research was performed using devices which
are in clinical use for preparation, calculation, and de-
livery of radiation therapy treatment. Setting up and
performing PSD begins at the CT simulator Somatom
Open (Siemens Healthineers, Erlangen, Germany) with
imaging of the detector along with the phantom in mea-
suring setup. The detector IBA Matrixx is a 2-D array
detector with 1020 ionization chambers (IBA Dosime-
try GmBH, Schwarzenbruck, Germany). Calibration of
the 2-D detector in absorbed dose was performed using
measurements obtained by Farmer-type ionization
chamber (TW30013, PTW Freiburg, Germany) in ref-
erence conditions. The effective depth of 2-D detector
measurement plane has been determined to be 3.6 mm
from the surface of the detector [10]. Dose calculations,
for this phantom and detector configuration, were per-
formed using treatment planning systems Monaco v.
5.11, used for step and shoot intensity modulated radia-
tion therapy (IMRT) technique (Monte Carlo based al-
gorithm — MC) and XiO v. 5.10 (both Elekta, Stock-
holm, Sweden) for forward field in field technique (FiF)
(standard superposition algorithm — SS). All the calcu-
lations by Monaco were performed as dose to medium
in medium (D, ,,). Herewith, calculation is based on

I =

electron density data which can be related to Hounsfield
units acquired using CT simulator [11, 12]. Due to de-
tector and phantom design, dose delivery was per-
formed in vertical geometry with beam central axes per-
pendicular to the measuring plane. Other treatment
parameters remained unchanged. Two linear accelera-
tors were used: Oncor Impression with 6 MV and 15
MYV X-ray beams, equipped with an 82-leaf collimator
(LAT1) and Oncor Expression 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 devices are under comprehensive QA pro-
gram, developed according to international recommen-
dations [13-15]. The IBA OmniProI'mRT (IBA Dosim-
etry GmBH, Schwarzenbruck, Germany) was used to
verify agreement between absorbed dose distributions.

Measurement procedure —
homogeneous media

Dosimetric verification of absorbed dose distri-
butions using a homogeneous phantom should be per-
formed prior the first patient treatment [1, 7]. Main
steps of such verification are shown in fig. 1. Detector
and phantom (Setup 1) were scanned at the CT simula-
tor and acquired data were imported into the treatment
planning system. Patient absorbed dose distribution
was recalculated as a QA plan using the scanned phan-
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Figure 1. Steps to be performed for PSD in homogeneous phantom: CT scanning of the detector in the phantom,
calculation of the 2-D dose distribution, measurement of the dose distribution at the linear accelerator, and evaluation of

calculated absorbed dose distribution
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tom images. Such QA plan was delivered to the phan-
tom-detector system at the linear accelerator and the
absorbed dose distribution was measured. Compari-
son of measured and calculated absorbed dose distri-
bution was performed and the calculated absorbed
dose distribution was evaluated.

Measurement procedure —
inhomogeneous media

While the homogeneous phantom represents a
standard tool for pre-treatment verification, it does not
reflect the different structures of human anatomy. For
this reason, measuring setups using a semi-anthropo-
morphic phantom were introduced. Namely, the con-
ditions when photon beams are passing through differ-
ent anatomical structures were simulated by CIRS
002LFC phantom (Computerized Imaging Reference
System Inc., Norfolk, USA). Phantom is built of water
density equivalent, lung density equivalent and bone
density equivalent materials.

Two measurements setups were created using
parts of CIRS 002LFC phantom: 5 cm (Setup 2) and 10
cm (Setup 3), were placed on top of the 3 cm RW3
plates (PTW, Freiburg, Germany), which are used to
ensure dose build-up, fig. 2. [1]. Detector was scanned
at the CT simulator in both setups. Patient dose distri-
butions were recalculated for two setups with
inhomogeneity.

Gamma method

Measured and calculated absorbed dose distri-
butions were compared using gamma analysis [5, 7,
16]. To perform the gamma analysis, two tolerance cri-
teria were set. One criterion refers to low dose gradient
regions with the emphasis on dose difference between
dose distributions at the same interest point. The other
tolerance criterion, DTA, refers to high dose gradient
regions and focuses on finding two closest interest
points with the same dose. Gamma is evaluated ac-
cording to following equations [17]

y(r.)=min I'(7;,.,7,)
: )

2 2
M )= \/ ax D0 )A—Dzz ()]

| @

where, 7, 7, denote the reference and evaluated dose
points, D,, D, denote the reference and evaluated dose
levels, Ad, AD denote distance-to-agreement and dose
difference criteria.

The AAPM TG-218 recommends tolerance cri-
teria to be 3 % dose difference and 2 mm DTA with
tolerance limit set at gamma passing rate 295 % [7].
Before, standard for gamma passing was 3 % dose
difference and 3 mm DTA which was originally rec-
ommended by Low et al. [18]. To compare the results
according to both criteria, data collected between
2016 and 2018 were retrospectively analysed using
3 %/2 mm criteria. Data collected between 2018 and
2021 were analysed using the previously established
3 %/3 mm criteria, also retrospectively. Parameters
used for analysis, built-in IBA OmniProI'mRT were
set as: global gamma normalization to a point with
maximum dose, search distance to 4.5 cm, dose
threshold to 10 % of the maximum dose, dose maxi-
mum to 100 % as recommended by Miften et al. [7].
All dose distributions were analysed in terms of abso-
lute dose. The spatial resolution of detector was lim-
ited by the size and the distance between the central
axis of adjacent ionization chambers and linear inter-
polation was used to improve resolution. Measured
absorbed dose distribution was taken as the reference
according to which calculated distribution is evalu-
ated [19].

Dose distributions selection
and statistical analysis

At our department, PSD is regularly performed
using the detector with the homogeneous phantom
(Setup 1). Gamma analysis was performed for 2974
FiF (in the period between 2016 and 2021) and 499
IMRT (in the period of 2018 and 2021) calculated ab-
sorbed dose distributions, for different treatment sites.
This resulted in 3473 dose distributions processed and
analysed in terms of gamma analysis. During this pe-
riod, dosimetric verification of each calculated ab-
sorbed dose distribution (IMRT and FiF) was standard
practice at our department.

Additionally, dose distributions were separated in
five different treatment plan complexities (TPC), which
are related to different treatment sites, for either FiF or
IMRT. Treatment plan complexity was determined con-
sidering treatment volume size and treatment unit

Figure 2. Measurement set-ups
created with bottom part of
MultiCube phantom, ImRT
Matrix detector, 3 cm of RW3
plates and plates of 5 cm (a) and
10 cm (b) of CIRS 002LFC
phantom
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Table 1. Relation between treatment site and plan complexities; treatment planning technique, treatment unit and calculation

algorithms are shown in the last three columns

Treatment plan complexity Treatment site Code Treatﬁiré;{)ilt;;nmng Treatment unit | Calculation algorithm
Large volume, low complexity Rectum TPCl1 LAl
Large volume, medium complexity Breast TPC2 FiF $S (Xi0)
i i
Small volume, medium complexity CNS TPC3 LA2
Large volume, high complexity | Lung, H&N Prostate | TPC4
Large volume, high complexity Prostate TPC4
Small volume, medium complexity CNS TPC3 IMRT LA2 MC (Monaco)
Large volume, extra high H&N TPCs
complexity

Table 2. Arithmetic means of gamma passing rates and
respective standard deviations for four different complexities
for FiF and three different plan complexities for IMRT dose
distributions when 3 %/3 mm, 3 %/2 mm tolerance criteria
are applied

7 (SD) % points passing
Treatment Treatment plan with gamma <1
planning complexity | 3%/3mm | 39%/2mm
modalities tolerance tolerance
criteria criteria
TPCl1 97.64 (1.79) | 95.22 (4.12)
FiF 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)
TPC3 98.84 (1.51) | 97.09 (1.87)
IMRT TPC4 97.80 (2.92) | 95.78 (1.89)
TPC5 97.24 (3.19) | 96.35(3.95)

multileaf collimator resolution. Additionally, fluence
maps modulation degrees were considered for IMRT.
For FiF, the number of additional fields and their size
and shape were considered. Dose distributions were
analysed for the three above specified phantom set-ups.
Relation between treatment site and plan complexity is
shown in tab. 1.

Statistical analysis was performed by using the
TIBCO Statistica v. 14.00.15. One-way analysis of

variance (ANOVA) was applied as a parametric test
and Kruskal-Wallis test as a non-parametric test. The
significance level was set at p-value <0.05.

RESULTS

A summary of the obtained passing rates is
shown in tab. 2 for different treatment plan complexi-
ties. The average value of gamma passing rates and re-
spective standard deviations for absorbed dose distri-
butions of different treatment plan complexities are
reported for different tolerance criteria.

The lowest average value was obtained for
TPC1 (FiF), with 97.64 % (3 %/3 mm) and 95.22 %
(3 %/2 mm). Considering IMRT dose distributions,
lowest average gamma values 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 criteria were applied, all
average gamma passing rates were within tolerance
for both planning techniques, shown in fig. 3.

For absorbed dose distributions per different
TPC, average values of gamma passing rates were
shown, tab. 3, with corresponding standard devia-
tions, separately for a homogeneous setup (Setup 1)
and two levels of inhomogeneity (Setup 2 and 3), ob-
tained using 3 %/3 mm and 3 %/2 mm.

100.00 %

Figure 3. Average gamma passing
rates for two planning techniques
(FiF and IMRT), and two tolerance
criteria (3 %/3 mm and 3 %/2 mm)

95.00 %

Average gamma passing rate [%]

r

90.00 %

B IMRT

FiF

3 %/3 mm 3 %/2 mm

Tolerance criteria
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Table 3. Arithmetic means of gamma value and
respective standard deviations for absorbed dose
distributions for five treatment plan complexities.
Analysis was performed for homogeneous setup (Setup
1) and two different levels of inhomogeneity (Setup 2 and
3) using 3 %/3 mm and 3 %/2 mm tolerance criteria

Treatment 7 (SD) % points passing
plan with gamma <1
complexity 3 %/3 mm 3 %/2 mm
Setup 1 | 97.23(0.49) | 95.06(0.58)
TPC1 Setup2 | 93.67 (1.50) 85.19 (1.73)
Setup3 | 90.54(1.95) | 83.22(3.39)
Setup 1 | 98.79(0.26) | 97.35(0.97)
TPC2 Setup2 | 97.27 (0.91) 92.19 (1.48)
Setup3 | 93.35(1.83) | 90.88 (2.15)
Setup 1 98.96 (0.74) 98.04 (1.06)
TPC3 Setup2 | 97.04 (0.89) 96.61 (1.29)
Sctup3 | 96.15(1.34) | 93.84 (2.02)
Setup 1 98.21 (0.75) 96.39 (2.59)
TPC4 Setup2 | 96.15(2.49) | 92.47 (4.10)
Setup3 | 92.00(3.51) | 89.73(5.77)
Setup 1 97.30 (0.31) 96.87 (1.03)
TPC5 Setup2 | 95.72(0.20) | 93.96 (0.08)
Setup3 | 92.34(0.48) | 92.36(1.06)

Gamma passing rates for different TPC were
shown to be dependent on the level of heterogeneity of
the treated volume. As expected, the highest average
gamma passing rates were obtained using a homoge-
neous phantom (Setup 1), while the lowest gamma
passing rates were obtained for Setup 3.

Highest average gamma passing rates were ob-
tained for TPC3. When 3 %/3 mm tolerance criteria is
applied, mean gamma value was higher than 95% for
all setups. Lowest values were obtained for TPCI,
with average gamma passing rate being 90.54 %
(Setup 3). Using 3 %/2 mm criteria, the highest mean
gamma value was obtained for TPC3 with 98.73 %
(Setup 1) and the lowest result for TPC1 with 83.22 %
(Setup 3).

Comparing average gamma passing rates for
Setup 1 and Setup 3 (3 %/3 mm), the largest gamma
deterioration is observed in TPC1 (Ay = 6.69 %).

Treatment plan with smallest gamma deterioration is
TPC3 with Ay =2.81 % (3 %/3 mm).

Applying 3 %/2 mm criteria, the largest drop in
mean gamma value between Setup 1 and Setup 3 is
found for TPC1 with Ay =11.84 % and the lowest drop
for TPC5 with Ay =4.51 %.

Additional analysis was performed for two cal-
culation algorithms: standard superposition algorithm
for FiF and Monte Carlo based algorithm for IMRT,
regarding the deterioration of gamma passing rates
when inhomogeneity is introduced. Deterioration of
gamma passing rates calculated between Setup 1 and
Setup 3, is shown in fig. 4. Deterioration of gamma
passing rates for 2 mm/2 % was also considered in this
case.

Deterioration of gamma passing rates between
Setup 1 and Setup 3 is lower for IMRT absorbed dose
distributions for all tolerance criteria, with Ay =4.48 %,
Ay =4.90% and Ay =4.70 %, consecutive for tolerance
criteria 3 %/3 mm, 3 %/2 mm and 2 %/2 mm. The larg-
est deterioration is observed for FiF and tolerance crite-
ria 2 mm/2 % with Ay = 8.74 %.

DISCUSSION

Intention of this research was to investigate the
deterioration of gamma passing rates when calculated
with recommended [7] stringent criteria. It was shown
that gamma passing rate deteriorates when calculated
with 3 %/2 mm tolerance criteria but, average gamma
passing rates remain higher than 95 %, tab. 2 and fig. 3,
when PSD is performed, using the homogeneous
phantom.

The Kruskal-Wallis test for determination of sta-
tistical difference between gamma passing rates for
different treatment plan complexities (3 %/2 mm toler-
ance criteria) has shown that a statistically significant
difference exists for TPC1 and TPC2, with p-values of
p <0.0001 and p < 0.0025, respectively. This corre-
sponds to the result reported by Pulliam et al., [20]
who showed that the patient specific QA results could
differ significantly between the treatment sites. Statis-

10 %
£
P * =
2 8%
e
2
§ 6% s Figure 4. Deterioration of gamma
g passing rates between homogeneous
E -— e setup (Setup 1) and setup with 10 cm
o 4% plates of CIRS 002LFC phantom
g (Setup 3); deterioration was calcu-
- lated for two calculation algorithms:
-% e standard superposition for FiF and
o} + FiF/SS  -= IMRT/MC Monte Carlo based algorithm for
o .
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tically significant difference (p > 0.2678) was not
found between average gamma passing rates for re-
maining treatment sites.

At our premises, two linear accelerators are used
for patient treatments. They have difference in the
multileaf collimator design which define the resolu-
tion of delivered absorbed dose distribution. The leaf
widths atthe isocenter are lecmand 0.5 cmfor LA1 and
LA2, respectively. Dose distributions of TPC1 and
TPC2 are delivered by the LA1, while other sites are
treated by the LA2. There is a statistically significant
difference (p = 0.00029) between average gamma
passing rates for two linear accelerators used, which
could be related to the multileaf collimator design,
which is also in accordance with Pulliam et al. [20].

Comparing IMRT dose distribution gamma pass-
ing rates using Kruskal-Wallis test, the difference be-
tween treatment plan complexities was not statistically
significant for any of the tolerance criteria used: p >
> 0.4953 with 3 %/3 mm and p > 0.1989 with 3 %/2 mm.

For measurements performed through inhomo-
geneous media, average gamma passing rates are the
lowest for Setup 3, for all the treatment plan complexi-
ties, tab. 3. Similar results were obtained by Smilovic¢
et al. [21]. This occurs due to the 10 cm plates of
semi-anthropomorphic phantom (Setup 3). The treat-
ment plan complexity with the least deteriorating aver-
age gamma passing rate is TPC3 (2.81 % for 3 %/3
mm). This was expected, as absorbed dose for TPC3 is
typically delivered to a small volume, which allows
the beam to pass only slightly through different den-
sity areas of the inhomogeneous setup. The largest
drop in average gamma passing rates, regardless of
Setup and tolerance criteria, is observed for TPCl1,
6.69 % for 3 %/3 mm and 11.84 % for 3 %/2 mm toler-
ance criteria. In these cases, the beams pass through a
large area of the inhomogeneous parts of the phantom
which causes the deterioration of gamma passing
rates. This is also a consequence of larger leaf width of
LA1 multileaf collimator.

Generally, deterioration of gamma passing rates
from 3 %/3 mm to 3 %/2 mm criteria also suggests that
the detector resolution is one of the limiting factors of
the analysis, as the distance between two adjacent ion-
ization chambers is 7.619 mm [22]. This is pro-
nounced in the regions of high dose gradients.

When comparing the two calculation algorithms,
lower gamma passing rate deterioration is observed for
Monte Carlo based algorithm (IMRT), fig. 4, for all ap-
plied tolerance criteria. This is expected, as it was
proofed that Monte Carlo based algorithms are superior
to analytical algorithms when dose distributions are cal-
culated through inhomogeneous media [23]. Also, all
dose distributions were calculated as D, ,,, which was
shown to be in very good agreement with Monte Carlo
calculations performed by the general purpose Monte
Carlo N-Particle (MCNP) code [24].

CONCLUSIONS

Transition from 3 %/3 mm to 3 %/2 mm criteria
has shown that gamma passing rates exceed the 95 %
tolerance limit for the stringent criteria. This points to
optimal calculation and optimization of dose distribu-
tions, appropriate commissioning of linear accelera-
tors and treatment planning systems, as well as a thor-
ough performance of a comprehensive QA program.
Nevertheless, it is important to be aware of possible
limitations of the different part of the system, because
each of them may considerably influence absorbed
dose delivery and, consequently, the treatment out-
come and patient safety.

Furthermore, gamma passing rates depend on
the level of inhomogeneity of the region of interest. By
increasing the level of inhomogeneity and thus ap-
proaching realistic clinical situations, gamma passing
rates deteriorate. Having this in mind, it is very impor-
tant to keep gamma passing rate of standard patient
specific dosimetry in homogeneous media as high as
possible to obtain higher quality of the absorbed dose
delivery and, better outcome of radiation oncology
treatment.
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YTULIAJ IIPOMEHE KPUTEPUJYMA IIPUXBAT/BUBOCTU HA BPEJHOBAIE
PACIHIOAEJA AIICOPBOBAHE NO3E Y XOMOI'EHOJ 1 HEXOMOI'EHOJ CPEINHU

Pa3Boj ypebaja u cucrema y papujanmjckoj OHKOJIOTHjU TOCTAaBHO je MOflaTHE 3aXTEBE Ha
OpopayyH M ONTHMU3ALU]y paclofiesia ancopOoBaHe MO3€. YUWHAK paJUoTepanuje TEMEbH Ce Ha
KOHTPOIIM TyMOpa U u30eraBamy KOMILUKaNuja 3apasor Tkusa. O6e BelMYnHe 3aBUCe Of alcopOoBaHe
ll03€ Ma je BaKHO Ta4HO OfIPEAUTHU HeHY BpefHocT. To je moryhe moctuhu cuctreMoM BpefHOBama
M3pavyHaATHX pacroyesa ancopooBaHe fo3e.

Y oBOM HCcTpaXkuBawy U3padyHaTe pacnopesne ancopboBane go3e 3a Bunie of 3500 nanujenara
BpEJIHOBaHE Cy raMa MeTOfIOM. JI0JaTHO Cy OCMHUILbEHE PA3NUUUTE MEPHE reoMeTpuje panToMa u 2-D
[EeTEKTOpa, y CBPXY UCIIUTHBAba YTHIAja HEXOMOT'€HOCTH CPEJICTBA Ha OAICTYIakhe U3padyHaTe 1 U3MEpeHe
pacrnopienie ancop6oBaHe fo3e. McTpakeHa je M 3aBHCHOCT OJCTYyINAama OJf CIOKEHOCTH H3padyHaTe
pacrnozienie go3e. [Ipopauyn ancop6oBane n03€ CIPOBEJECH je KopuirhemkeM cucTeMa 3a ofipebuBame n
onTuMm3anyjy pacnoese gose Monaco u XiO. [Ierektop ca 1020 jorn3anujckux KoMmopa kopuiitheH je 3a
BpE/IHOBAmkE paclofieiec o3¢ y KOMOUHAIUjU C XOMOTE€HHM (PaHTOMOM U CEMH-aHTPOINOMOP(HUM
paHTOMOM.

Y XxoMoreHoM (haHTOMY, CPEilba BPETHOCT raMa MHJIEKCa, 32 CBE BPEIHOBAHE PaCIIOfiE]ie 03¢E,
BulIa je of 95 % 3a KpUTepuUjyM NpUXBaT/HbUBOCTU Off 3 %/ 2 mm. 3a Mepema y HEXOMOTEHOM CPEJICTBY,
HajBeha BpeIHOCT raMa uHjeKca AoOujeHa je 3a paclofielie J03€ CPEeAbE CIOKEHOCTU U MaJIX BOJTyMeHa
(¥ = 93.84 %), MoK je 3a pacmopesie 03¢ HUCKE CJIOXKEHOCTH U BEJIMKHX BOJyMeHa AOOWjeHa HajHMKa
BpemHOCT rama unaekca (¥ = 83.22 %).

Kmwyune peuu: 8pednosare paciiodena aiicopbosare 003e, Kpuiliepujym upuxsaiibu80cCiiil, HEXOMOZeHa
cpeduHa, pauyHapcKu aazZopuiliam, CuZypHoCill iayujeHaiia



