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The purpose of this research was to determine the impact of collimation in thoracic spine radi-
ography on patient exposure and image quality. The study was performed on 84 patients re-
ferred to thoracic spine radiography. Patients were randomly divided into two equal groups of
42. The first group was imaged according to the standard collimation protocol used in one of
the hospitals in Croatia while the second group was imaged by applying “optimal”
collimation, image field size was individually collimated for each patient or according to the
greatest image field collimation depicted in professional literature. For each patient body
mass index, image field size, exposure conditions and dose area product were noted and ab-
sorbed doses by organs were calculated, image quality was assessed. There were no statisti-
cally significant differences in BMI between the two groups of patients. With the optimal
collimation the size of the imaging field in the anteroposterior projection was reduced by
45 % (p < 0.001) and in the lateral projection by 41 % (p < 0.001). The study also showed re-
duced values of DAP for anteroposterior projection by 34 % (p = 0.007) and for lateral pro-
jection by 23 % (p = 0.040). The mean absorbed dose to the selected organs decreased by
26 % in the anteroposterior projection and by 28 % in the lateral projection. In addition, the
optimal collimation protocol improved image quality by 13 % in anteroposterior projection.
No differences in image quality were found in lateral projection. By carrying out this research
we have demonstrated that optimal collimation in thoracic spine imaging has a strong influ-

ence on patient exposure to radiation and has a positive impact on image quality.
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INTRODUCTION

The European Commission publication [1, 2] on
the exposure of European population to radiological pro-
cedures reports that general radiography examinations
are the most common in all countries (76.8 to 97 %), fol-
lowed by computed tomography (CT) (0.7 up to 16.7 %),
fluoroscopy (0.9 to 13.9 %) and interventional radiology
(from 0.03 to 2.7 %). The most common procedures in
general radiography are those of the chest/thorax, cervi-
cal spine, thoracic spine, lumbar spine, mammography,
abdomen and pelvis and hip [1, 3, 4].

In general radiography, thoracic spine imaging is
one of the seven procedures with the highest effective
dose. The highest effective dose in plain radiography is
obtained during lumbar spine radiography (0.898
mSv), followed by pelvis and hip imaging (0.709 mSv)
and thoracic spine imaging (0.636 mSv) [1].

Since the most sensitive organs with the highest
tissue weighting factor (0.12), such as breasts, lungs,
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colon, stomach and bone marrow [5], are or may be af-
fected by the primary beam during thoracic spine
radiography;, it is necessary to ensure an adequate im-
age with the lowest possible exposure of the patient.
To put it briefly, it is necessary to apply the as low as
lowest reasonably achievable (ALARA) principle [5].

A collimator is a device that limits the radiation
output of an X-ray machine to the narrowest possible
size based on the imaging area and referral diagnosis
[5]. Collimation has direct effect on the volume of the
patient's body exposed to the primary beam of ionizing
radiation since the beam is formed by proper position-
ing of collimator blades [6]. Since the volume of irra-
diation of the patient is reduced by applying accurate
and tight collimation, less scatter radiation is produced
which improves image quality (IQ). By reducing the
size of the primary beam, the dose received by the pa-
tient can also be reduced [7]. Thus, if poor collimation
is present, the irradiated area is enlarged resulting in
dose increase and more scatter, which negatively af-
fects 1Q [8].
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Therefore, knowing and applying the central ray
and collimation for each individual examination is of
great importance [9]. In clinical setting, as already
noted, there is a lack of guidelines on proper use of
collimation. Karami and Zabihzadeh [7] did aresearch
in the area of lumbar spine radiography and found very
poor collimation practice on a sample of 830 radio-
graphs of lumbar spine in anteroposterior projection.
Precisely, the image field size was 1.26 times larger
than the optimal and consequently, the most sensitive
organs (colon, breast, gonads) were near or directly
within the primary beam without justification. It
caused higher doses for patients, harmful health ef-
fects and lower 1Q. No similar research in the re-
viewed literature was found for thoracic spine.

This study aims to discover the impact of
collimation on radiation dose (DAP and organ ab-
sorbed dose) and IQ in thoracic spine radiography.

MATERIALS AND METHODS

This research was a prospective study using an
experimental approach. The study was conducted in
two phases on 84 patients (70 female and 14 male) re-
ferred to thoracic spine radiography in two projections
(anteroposterior — AP and lateral — LAT), who were
randomly divided into two groups of 42 patients each.
The patient sample size was calculated using G¥*power
3.1 analysis tool based on the preliminary data of 20
patients.

The study was conducted due to the discovery
that the hospital's standard collimation protocol was
not in accordance with professional literature. The
standard collimation protocol was not strictly deter-
mined and adapted individually to each patient. In
most cases the ALARA principle was not considered
when it came to collimation and the image field size
quite often remained the same as the size determined
by the X-ray system. The primary beam was not
collimated properly, and the patients were believed to
be over-irradiated during projection radiography of
thoracic spine.

In the first phase, 42 patients were imaged in both
projections according to the standard collimation pro-
tocol used in the hospital while in the second phase, 42
patients were imaged with the so called optimal
collimation protocol mentioned in the professional lit-
erature [6, 9]. Each patient was placed in supine posi-
tion on the examination table in the AP projection and
on the left side in the LAT projection. In the AP projec-
tion the vertical part of the central ray was positioned to
the midline of the body and the horizontal ray in the
middle of the sternum. The field size was supposed to
be collimated approximately to the width of the thoracic
vertebrae (12 cm). In the LAT projection the vertical
plane of the central ray was positioned 6-8 cm anteri-
orly from the posterior (back) border of the patient and
the horizontal plane at the same height as in the AP pro-
jection. Vertically, the primary beam was supposed to
be collimated so that it included the rib cage and hori-
zontally to the posterior (skin) border of the back [6].

The maximum size of the optimally collimated field
was 18 cm x 43 cm, if possible [10]. An example of op-
timal collimation in AP and LAT projection are pre-
sented on a sample fig. 1 of an anthropomorphic phan-
tom.

All patients' heights and weights were measured
and recorded in order to calculate their body mass in-
dex (BMI). The exposure and field sizes for both pro-
jections and both collimation protocols are presented
in tabs. 1 and 2.

This research was approved by the Hospital's
Medical Ethics Committee. All the participants were
informed about the purpose of the study and have
given their written consents.

Equipment

The measurements were performed at the Radiol-
ogy Department of one of the Croatian hospitals that use
the CR Fujifilm imaging system (FCR ClearView CS;
software version V3.6) on a Siemens Multix/Vertix de-

Figure 1. Example of optimal collimated imaging field
for AP and LAT projection of thoracic spine
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Table 1. Exposure and collimation protocols for AP projection

AP projection Current collimation protocol Optimal collimation protocol
Tube voltage range [kV] 77-96 75-81
Time current product range [mAs] 4.88-62.70 (avg. 25.34) 10.30-63.80 (avg. 30.08)

Source-to-image receptor distance (SID) [em]

115 115

Image width [cm]

17.9-35.0 (avg. 24.78)

10.7-187.3 (avg. 13.71)

Image height [cm]

34.4-43.0 (avg. 42.22)

35.0-43 (avg. 41.5)

Table 2. The exposure and collimation protocols for the LAT projection

LAT projection Current collimation protocol Optimal collimation protocol
Tube voltage range [kV] 81-90 81-87.5
Time current product range [mAs] 5.26-77.10 (avg. 71.39) 7.56-58.80 (avg. 21.36)

Source-to-image receptor distance (SID) [ecm]

115 115

Image width [cm]

20.6-35.0 (avg. 29.29)

13.3-21.9 (avg. 17.43)

Image height [cm]

43 37.9-43.0 (avg. 42.88)

vice (tube type: OPTI 150/30/50HC) (fig. 1). Prior to and
during the study Quality Control (QC) testing was per-
formed. The conducted tests were the following: tube
voltage accuracy and reproducibility, half value layer,
tube output (LGy/mAs), linearity (tube current) and vari-
ation with tube voltage, automatic exposure control
(AEC) testing, dose area product (DAP) meter testing
and image receptor testing (spatial resolution, contrast
resolution and dynamic range). The measured results
were acceptable regarding the standards [11]. The size of
the image receiver was 35 cm x 43 cm. The grid ratio was
12:1, with 40 lines per cm, focus-detector distance was
115 cm and the total beam filtration was 2.5 mm Al

Image quality

The images were assessed by two radiologists
and one radiographer with more than 4 years of experi-
ence in a blind randomized study. The assessments
were made on the same diagnostic monitor (EIZO
RadiForce GX340 21.3") by applying ViewDEX
[12-14] image software. Two folders were created,
one contained 84 radiographs in AP projection and the
other 84 radiographs in LAT projection.

All radiographs were assessed on a 3-point scale
according to the criteria listed in European guidelines.
The ratings on the scale were: score 1 — diagnostically
insufficient radiograph, score 2 — diagnostically good
radiograph, and score 3 — diagnostically perfect radio-
graph.

According to the recommendations based on the
guidelines in the document IQ and Dose Management
For Digital Radiography [15], the criteria for an opti-
mal image that apply for thoracic spine imaging are as
follows.

The criteria for AP projection:

— Complete imaging of thoracic spine, including
Thl.

—  Visually sharp imaging in a single line of the upper
and lower-plate surface in the centred beam area.

— Visually sharp imaging of the pedicle, spinous
processes and costovertebral joints.

The criteria for LAT projection:

— Complete imaging of the thoracic spine from Th2
down to the thoracolumbar junction.

—  Visually sharp imaging in a single line of the upper
and lower-plate surfaces in the centred beam area.

— Visualisation of the intervertebral spaces and
intervertebral joints in the centred beam area.

— Visually sharp imaging of the cortical and
trabecular structures.

The scores for each criterion were then deter-
mined by a voting system where the most common
grade (mode) for the image was set as the grade for that
specific criterion. If evaluators gave different scores
(1,2, and 3) for a specific criterion, then the score was
setas diagnostically good (score 2). After that, the sum
was calculated for each image and presented as the to-
tal score for the image.

Organ absorbed dose calculations

Doses absorbed by selected radiosensitive or-
gans that lie close to or within the primary beam (the
organs are listed at the end of this chapter) were calcu-
lated by using the Monte Carlo simulation program
PCXMC 2.0 (STUK, Radiation and Nuclear Safety
Authority in Finland) [16].

Patient height and weight, image field size, ex-
posure parameters and DAP values were used for cal-
culations. DAP was measured by using a built-in DAP
meter (VacuDAP compact; VacuTec, Germany), cali-
brated prior to the study.

Calculations were based on the mathematical
probability of interactions between photons and pa-
tient's body, such as photoelectric effect, coherent
scatter and incoherent scatter. During the simulation,
the maximum energy of photons was set (100 keV),
and the number of tracked photon particles was
1000000 [16]. The data on image field size, exposure
conditions, weight and height were used for each ra-
diograph/patient individually. For each patient first the
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weight and height were inputted in the PCXMC 2.0
program so that the phantom used was the same size as
the patient. After the program had changed the size of
the patient the imaging field size that was collated for
each patient was set in the program and then the posi-
tioning of the imaging field was done based on the pa-
tient's radiographic images. The organ absorbed dose
calculations were performed for each patient accord-
ing to Monte Carlo simulation. The anode angle of
12°, exact tube voltage used (kV), filtration and mea-
sured DAP value were set in the program for each pa-
tient separately.

The positioning of the imaging field was done so
that the first and the last ribs were shown in the image
as in the example shown in fig. 2.

The average organ absorbed dose was calculated
for the following radiosensitive organs lying in the vi-
cinity or within the primary beam: active bone mar-
row, adrenals, gall bladder, heart, liver, lymph nodes,
lungs, oesophagus, pancreas, stomach, thyroid gland
and thymus. In the female population, the breast dose
was also observed. The average organ dose is the aver-
age calculated from all the average dose calculated for
each individual organ.

Statistical analysis

The measurements were analysed with the IBM
SPSS STATISTICS version 25 (IBM corporation,
USA). Shapiro — Wilk test was used to check the normal
distribution of the sample. In the case of normally distrib-
uted data, 7-test for independent samples was used for
comparing the differences between data. Otherwise,
when the data were non-normally distributed, a
non-parametric version of 7-test: Mann Whitney U-test
was used. The results were presented in the form of tables
and in graphic form with a boxplot chart. The signifi-
cance of p < 0.05 was used for all the tests.

RESULTS

For each projection, AP and LAT, a total of 84
BMI, image field sizes, DAP, average organ doses and
252 1Q assessments were collected. The results of all
the listed values for AP projection are summarized in
tab. 3 and for the LAT projection in tab. 4.

Absorbed doses by selected organs are presented
in tab. 5 for the AP projection and tab. 6 for LAT pro-
jection.

Organs that received the highest dose during the
AP projection of thoracic spine radiography were the
following: thymus, heart, stomach, lungs and liver;
while during the LAT projection, lungs and liver re-
ceived the highest dose.

The results regarding the 1Q are presented as av-
erage for each criterion, figs. 3 and 4.

Figure 2. Example of image field positioning in PCXMC
2.0 program for AP and LAT projection of thoracic spine

DISCUSSION

The aim of the study was to optimize the
collimation protocol for thoracic spine radiography in
AP and LAT projection in one of Croatian hospitals
and to evaluate its impact on patient dose (including
DAP, absorbed dose to selected radiosensitive organs)
and 1Q.

According to the BMI results obtained in the be-
ginning there were no statistically significant differ-
ences between current and optimal collimation, there-
fore, all the other values could be compared since
patient size would not affect the results.

The results of optimal image field collimation
compared to the collimation in line with the standard
protocol used in the hospital showed reduction of pri-
mary beam size in AP projection by 474.7 cm? (45 %)
and in LAT projection by 512.1 cm? (41 %). Primary
beam size reduction caused DAP reduction, more spe-
cifically in AP projection by 34 % and in LAT projec-
tion by 23 %. This data is of great importance as insuf-
ficient collimation has been identified as the largest
and most common cause of unnecessary patient dose
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Table 3. Results of the research for AP projection
Variable Collimation | Mean ggi?i?;i Median | Minimum | Maximum | Difference | p-value
e et e B | e
e )| 0T Y8105 200 S0 o
e T TR
v organshotoed dose WOV |~ T a5\ | iszs | gasa | eno | ens | P% |
Total 1Q evaluation* i;:tﬁ;? 32 1471 g:g z:g z:g 13 % 0.003
“non-parametric test was used to calculate the p value
Table 4. Results of the research for LAT projection
Variable Collimation | Mean ggi?i?éi Median | Minimum | Maximum | Difference | p-value
26. . 25. 18. 46.
B opimal [ 265 |45 aso | as | e | O | 0%
e sl {3951 207301 s B0 o
arom S M2 e 98B 302 | o
s o | S5 | Ts 2w
Total IQ evaluation* f;;r:iﬁ;? ;2 1; z:g ‘5‘:8 58 15 % 0.079

“non-parametric test was used to calculate the p value

load. In comparison with DRL given in European
Commission report [2] we found lower DAP values in
our study. Before field size collimation optimization,
the DAP value was by 29 % and 53 % lower in AP and
LAT projection of the thoracic spine than the DRL
given in the report, respectively, while after optimiza-
tion, the DAP value was by 53 % and 64 % lower in the
AP and LAT projection, respectively.

We did not find any similarly performed re-
search in the reviewed literature regarding the organ
absorbed doses to selected radiosensitive organs dur-
ing the radiography of thoracic spine. In our study, the
organs that received the highest dose in AP projection
were: the thymus, heart, stomach, lungs and liver and
in LAT projection, the lungs and the liver. With the op-
timal collimation, noticeable reductions in absorbed
doses were achieved during AP projection for: lungs
(64 %), stomach (61 %), liver (37 %), active bone mar-
row (29 %) and lymph nodes (23 %); and in LAT pro-
jection for: thyroid (46 %), heart (40 %), gall bladder
(38 %), stomach (37 %), liver (23 %), lymph nodes
(22 %), lungs (21 %), thymus (20 %), and pancreas
(12 %).

We would like to emphasize the importance of
collimation in the imaging of the thoracic spine (both
AP and LAT projections) relating to the doses received
by the breast. Namely, in the research we found that
with optimal collimation in each projection, both AP

and LAT, of thoracic spine, we would provide 89 %
lower absorbed dose to the breast. This result is of great
value as it is a highly sensitive organ to ionizing radia-
tion (weighting factor —0.12; ICRP 103) [5] and during
this examination it is not possible to protect this area
with lead protection. From this we can conclude that op-
timal use of collimation is a powerful tool that can be
easily used to prevent unjustified patient exposure.

As an additional benefit of proper collimation
and consequently the remarkable dose reduction, Rob-
inson et al. [16] stated that it significantly reduces the
risk of cancer incidence.

As the final part of the research, we investigated
the influence of collimation on IQ, as it is crucial for
imaging diagnostics. In AP projection of thoracic
spine the improvement of IQ by 13 % (p =0.001) was
found when the optimal collimation protocol was used
in comparison with the standard one used in the hospi-
tal, while in the LAT projection no statistically signifi-
cant difference (p = 0.079) in 1Q was found when
collimation protocol mentioned in professional litera-
ture was used. That means that better IQ was achieved
in the AP projection by implementing the optimal
collimation protocol and appropriate positioning. Our
conclusions are in accordance with results of Karami
and Zabihzadeh [10] and Mileti¢ [17], stating that op-
timal collimation also contributes to IQ improvement
since greater collimation reduces the effect of scat-
tered radiation.
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Table 5. Specific absorbed organ dose in AP projection of the thoracic spine

Organ coollli)rtlﬁlteil(l)n Mean + stdev. [uGy] [Mean error [%]|Median [uGy]| Minimum [pGy] |[Maximum [uGy]| p-value
Active bone No 91.7+452 0.3 86.3 17.6 214.6 0.004
marrow Yes 64.9 +27.6 0.3 60.4 18.1 142.4 ’
N .0 £39. 1.8 83.2 23.1 194.2
Adrenals 0 91.0£39.7 0.188
Yes 79.5+293 1.8 71.5 21.4 176.0
N 210.7 + 138. 2.2 171.2 50.6 698.6
Gall bladder ° 0.7£138.5 0.083
Yes 151.3 £ 82.1 2.2 147.2 6.6 3255
N 9+3422 0.6 619.7 119.5 1759.0
Heart ° 650.9£3 0.816
Yes 657.8 +£292.1 0.5 588.0 212.5 1429.3
N 1+ . 0.5 258.7 55.0 564.9
Liver ° 284.1 £ 137.3 <0.001
Yes 178.8 £76.2 0.5 161.8 33.2 378.7
No 147.6 £ 70.8 0.5 136.8 43.7 309.3
Lymph nodes 0.028
Yes 113.1 £48.2 0.5 100.0 25.5 243.0
No 307.0+149.9 0.5 256.1 58.6 593.1
Lungs <0.001
Yes 110.0+41.9 0.6 105.8 30.2 234.9
No 177.4+81.4 2.3 169.8 40.7 4252
Oesophagus 0.865
Yes 173.8 £ 66.9 1.9 158.5 57.2 382.4
No 223.7+111.3 1.7 204.4 0.1 509.9
Pancreas 0.133
Yes 191.6 £ 79.8 1.6 165.2 27.3 400.0
N T+ . 1.1 287.8 75.2 824.3
Stomach ° 365721968 <0.001
Yes 143.2 +72.34 1.3 132.5 13.1 296.7
No 197.7 £162.7 4.0 171.7 17.5 713.7
Thyroid 0.844
Yes 214.6 £230.2 3.5 136.5 13.9 1235.7
N 11314 £6294 1.7 1096.4 195.3 3164.3
Thymus ° 0.201
Yes 1313.7 £ 658.0 1.3 1192.9 422.9 2861.6
N 468.2 +268. 0.7 411.3 75.2 954.9
Breasts* ° o8 68.6 <0.001
Yes 53.6 +21.6 1.4 51.2 14.1 101.2

" The organ dose was calculated only for female patients (1 = 70)

It should also be noted that IQ was evaluated by 2
radiologists and 1 radiologic technologist, and the rat-
ings of the assessors differed. However, mean 1Q scores
were higher for each criterion in the group with optimal
collimation, as well as in AP and LAT projection. In or-
der to avoid the subjective evaluation of individual
evaluators and to achieve greater accuracy and objec-
tivity of this part of the research, a comparison could be
made of objective quality assessment criteria, such as
signal-to-noise ratio and contrast-to-noise ratio.

CONCLUSIONS

By optimal collimation in thoracic spine radiog-
raphy, the image field size, DAP, and the mean ab-
sorbed dose to the selected organs was on the average
reduced by 43 %, 29 %, and 27 %, respectively, for
both AP and LAT projection. In addition, the optimal
collimation protocol improved image quality by 13 %
in AP projection. No differences in image quality were
found in LAT projection.

The results of the research prove that there is
plenty of room for improvement in clinical practice re-

garding dose reduction and image quality by taking
simple steps like proper use of collimation guidelines
which can easily improve the outcomes of radiogra-
phy procedures that are among those with the highest
patient radiation dose.
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YTULIAJ ITIPABUJHE KOIMMAILIMIE HA TO3Y 3PAYEIA U
KBA/IUTET CIMKE IIPU PAIUOTPA®UIN TOPAKAJHE KNYME

Lnsm oBOTr McTpaskuBama je yrBpbuBame yTHIaja KOJMMalyje CHONla Ha MaIWjeHTHY /103y U
KBAJIUTET CIMKe Npu papuorpacduju Topakanne kuume. CtyaujoM cy obyxBaheHa 84 mamujeHTa Koju cy
Ounu ynyheHyu Ha CHUMame TopakajHe KuuMme. [TanujenTu cy HacyMU4HO OUIIU TOfIeJbeHU Y IBE IPYyIIE Off IO
42.TlpBa rpyna CHUMaHa je mpemMa CTaHapAHOM MPOTOKOITY 32 KOJIMMAIH]y KOj! CE TPUMEY]je Y jefTHOj Of
6oHMIa y XpBaTCKOj 10K je ipyra rpyla CHIMaHa IIPIMEHOM “onTuMaiHe” KonnMmanyje. BennmunHa mosmba
KOJIUMICaHa je 3ace0HO 3a CBAKOT MallfjeHTa WK IpeMa KOJIUMallyji 3a HajBehe Mosbe Ha OCHOBY OfjaTaka
MOCTYIHHX Y PO eCHOHAIIHO] JUTEepaTypy. 3a CBAKOT NalujeHTa 3a0eeskKeHu Cy UH/EeKC TeJIeCHe Mace,
BEJIMYNHA 110Jba, TApaMeTPH eKCIIO3UIIHje ¥ IPOU3BOJ 103€ U IIOBPIINHE, N3pavdyHaTa je ancopOoBaHa jo3a
y OrpaHMMa ¥ OIeHeH KBaJUTeT ciuke. Huje GMilo craTHCTHYKY 3HAYajHE pas3inKe Yy MHJEKCY TeJleCHe
Mace 3a 06e rpyne nanujeara. Ca ONTUMaIHOM KOJIUMAIMjOM, BeJIMYKHA 10Jba IPU aHTEPONIOCTEPUOPHO]
IpojeKIuju cMambeHa je 3a 45 % (p < 0.001), a npu jaTepaiaHoj npojekuuju cMatbeHa je 3a 41 % (p = 0.007)
npu  aHTeponocrepropHoj npojekuujm u 23 % (p = 0.040) nmpm narepannoj npojekumju. Cpenrba
ancopOoBaHa 1o3a y ogadpaHuM OpraHuMa yMemeHa je 3a 26 % Mpu aHTEepOIOCTepUOPHO] IPOjEeKIUjH, a 3a
28 % mpu jmaTepaiHoj mpojeknuju. JogaTHO, MPOTOKOI ca ONTHMAIHOM KOIMMAIMjOM MNOOOJBIIAO je
KBajnuTeT cnuke 3a 13 % npu aHTeponocrepruopHoj npojexunju. Ilpu cHumamy y naTepaiHoj IpojeKuuju
HIICY yOUeHe pa3iinKe y KBaIUTEeTy ciauke. OBAM HCTpaskMBakeM MOKA3aJIi CMO /1a ONITIMAJHA KOJTAMaIfja
npu paguorpaduju TopakanHe KMUMe MMa 3HavajaH YTHUIA] HA W3Jlarame ManujeHTa 3paderny W uMa
MO3UTUBHHU YTHUIA] HA KBAJIHUTET CIHKE.

Kmwyune peuu: paouozpaghuja iiopaxkanre Kuume, KOAUMAUUJA, CMAFbEHE 003€, K8AAUTIEI CAUKE



