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Na osnovu ¢lana 64 stav 2 tagka 8 Statuta, a u vezi sa &lanom 43 | 44 Pravila doktorskih studija
Univerziteta Crne Gore, Vijece Prirodno-matematiékog fakulteta na XIV sjednici odrzanoj dana
09.02.2018. godine, donijelo je

ODLUKU
|

Prihvata se lzvjesta komisije za ocjenu doktorske disertacije pod nazivom "Unapredenje kontrole
kvaliteta i osiguranje kvaliteta (QA i QC) u skriningu i dijagnostickoj mamografiji u Crnoj Gori* kandidata
mr Sonje lvanovié.

Predlazemo Senatu Univerziteta Crne Gore da prihvati disertaciju “Unapredenje kontrole kvaliteta
osiguranje kvaliteta (QA i QC) u skriningu i dijagnostickoj mamografiji u Crnoj Gori“ kadidata mr Sonje
Ivanovi¢ i imenuje komisiju za odbranu doktorske disertacije u sastavu:

1. Dr Hilde Bosman, vanredni profesor, Katoli¢ki Univerzitet Luven, Belgija, medicinski fizicar,
(nau¢na oblast: Medicinska fizika zracenja i Radiologija);

2. Dr Olivera Ciraj Bjelac, vanredni profesor ETF-a, Univerziteta y Beogradu, nauéni savjetnik
Univetziteta u Beogradu, Institut za nuklearny nauku - Vin¢a; medicinski fizicar (nau¢na oblast:
Nuklearna tehnika);

3. Dr Slavoljub Mijovic, redovni profesor Prirodno - matematickog fakulteta Univerziteta Crne Gore
(nauéna oblast: Atomska fizika, Jonizovani gasovi i Zastita od zracenja);

4. Dr.Mara Scepanovic, redovni profesor Prirodno-matematic‘,kog fakulteta Univerziteta Crne Gore (
naucna oblast: Atomska fizika, Jonizovani gasovi | Zastita od zra¢enja);

5. DrMira Vuceljic, redovni profesor Prirodno-matematiékog fakulteta Univerziteta Crne Gore
(nauéna oblast: Atomska fizika, Jonizovani gasovi i Zastita od zracenja);

m

Predlog se dostavija Centru za doktorske studije i Senatu Univerziteta Crne Gore na.da ju proceduru.
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Uvid javnosti

U predvidenom roku za uvid javnosti bilo je primjedbr? | ne

OCJENA DOKTORSKE DISERTACIE
1. Pregled disertacije (bibliografski podaci o disertaciji 1 sazetak disertacij )

Doktorska disertacija pod naslovom ,Unapredenje kontrole kvaliteta i osiguranje
kvaliteta (QA i QC) u skriningu i dijagnosti¢koj mamografiji u Crnoj Gori“, kandidata
mr Sonje Ivanovi¢ je napisana na 83 stranice A4 formata. Sastoji se od 7 poglavlja, spiska
literature sa 52 citirane bibliografske jedinice i biografije autora.

Sonjina teza je prva ove vrste u Crnoj Gori 1 zbog toga je odlucila da napravi
sveobuhvatan dokument. Teza je trebala biti i cjelovita, tako da je kandidat bio zamoljen da
ukljuci i poglavlje o osnovnoj teoriji i opremi za upotrebu u skriningu raka dojke. Uz to, svi
dobijeni rezultati istraZivanja su ukljuCeni. SadrZaji objavljenih nau¢nih radova su takode
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ukljucent u rukopis.
Prve poglavlje definiSe rad na tezi.

Skrining raka dajke jé u vedini zemalja svijeta veliki zdravstveni problem za Zene.
Sonja objadujava esnove bolesti, kao i kako se rak manifestuje u rendgenskim snimecima.
ObiZno se vide razlike n kontrastu slika mekih tkiva (velitine> 2 mm) i sitnih kaleifikacija,
koje se pod pravilnim rendgenskim uslovima mogn vidjeti 1 kada su reda veli¢ine 100 pm. U.
drugom dijelu uvoda objadnjava se rendgenska tehnika. Jako postoji opse#na literatura u vezi
s najnovijom digitalnom rendgenskom tehnikom, Sonja se odluéila da uglavnom koristi
materijal nove knjige od strane Agencije za atomsku energiju (JAEA), 'Dijagnostitka
radiologka fizika', prirutnik za nastavnike i studente 'D.R, Darce, S. Christofides, A.D.A.
Maidment, 1.D. McLean i K.H. Ng. Knjiga je objavljena 2014. godine.

Drugo poglavlje postavija probleme koji ¢e sereSavati u tezi i plan rada kako raditi na njima.
Poglavije 3. Testiranje novih dozimetara,

Poglavlje 4. Digitalne slike susa Sumom. Sonja je radila ria problemima naknadne
obrade slike (post-procesiranje) u cilju redukcije $uma.

Poglavlje 5. Ovo poglavlje opisuje prve korake prema primjeni cjelovitog protokola na
mamogramskim jedinicama u Cmoj Gori, koja ima 15 film-skrin jedinica i jednu CR
jedinicu,

Poglavlje 6. Primijenjen je test protokol -na CR mamografski sisten,

Poglavlje 7. Uradena su prva istraZivanja QC na nedavno instaliraniom sistemu di'_gitaln‘e
tomosinteze grudi (DBT) u Crnoj Gori.

2. Vrednovanje disertacije
2.1.Problem

Generalni problem u radicloSkom slikanju ljudskog tijela je dobijanje relevantne informacije
iz snimka vz minimalno ozragivanje pacijenta. To je narodito va¥no u mamografiji, gdje
vizualizacija vaznih detaljd (anomalno tkivo), zahtjeva ‘s¢paraciju ,interesanmmili sthikoura® od.
spozadine* (tj., mikrokalcifikacija od glanulamog tiiva). _

Dakle, problem optimizacije i kompromisa izmedi kvaliteta slike i radijacionog izlaganja je
bio osnovri zadatak u ovoj tezi, Posto optimizacija v ovom sludaju zavisi od mriogo parametara
(radiograflih  jednica-mamografa, generatora x-zraka, detektora. signala,  pacijentnih
karalteristika,...), sveobuhvatna mjerenja 1 analiza podataka na svim mamografskim jedinicama u
Crnoj Gori su se morala uraditi,

2.2.Ciljew1 1 hipoteze disertacije

Skrining raka dojke je n vecini zemalja svijeta veliki zdravstveni problem za Zene.
Generalni cilj ove teze su istraZivanja i pobolj$avanja metoda za procjenu prosjedne
glandulame doze (AGD} 1 kvaliteta slike u mamografiji kao irazumjevanje korelacije izmedu:
fizi¢kih i tchnitkih parametara sa klinigkim kvalitetom slike. '
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Specifiéni ciljevi su bili:

« evaluacija tehniCkih karakteristika mamografskih jedinica u Crmoj Gor;

« pobolj$anje metoda za procjenu prosj jedne glandularne-doze i kvaliteta slike;

» uspostavljanje nacionalith referentnili nivoa doza sa podacima, debijenih u skladu
sa medunarodnim slandar_dlma _

« provjera-pouzdanosti automatskih mjerenja filterima pomocu multimetra MagicMax.

Osim toga, nova tehnologija tomosinfeze se morala istrafivati tehnidkim
testovima.

2.3.Bitne metode koje su primijenjene u dzsertaczp i njihovu primjerencst. Ako je
primijenjend nova.ili dopunjena metoda, opisite $ta je novo

Puteth IAEA projekta RER 6004, Klinickom centru je dostavljen kompletan set za testiranje
mamografskih jedinica. Od posebne vaZnosti za ovaj rad je novi multimetar MagicMax’ i
antropomorfni fantom ('vidi poglavlje 6),

Novi dozimetar je jedinstven, u smislu da u 3edn03 ekSpOZICl_]l sinultano mjeri
radijacioni izlaz cijevi, brzinu radijacionog izlaza, napon na cijevi, anoda/filter kombinaciju i
poludcblj inu (HVL). Ovaj Jedmstvem pristup namedée pofrebu istraZivanja u smislic tadnosti
uredaja sa naroCitim akcentom na mjerenja HVL-a.

Kao testni protokoli kori¢eni su Evropske smjemlcc za osiguranje kvalitete u
skriningu raka dq]ke i TAEA protokol. U #i%i ISplthal‘lja je-bila sigurnost (detaljno ispitivanje
rendgenskih cijevi 1 x-snopova), doza pacijenata 1 kvalitet slike. Po3to su 14 od 15 jedinica
film-skrin sistemi, senzitometrij ska i denzitometrijska spitivanja su bila krucijalna.

AGD jc raunata Dance-ovim metodom, 3to je takode opisano u Evropskom protokolu
za kontrolu kvaliteta fizi€kih i tehnidkih aspekata skrin-filin mamografije. Doza je.odredivana
koriS¢enjem standardnih klinickily odabranih faktora 1zlagan]a sa automatski kontrolisanom
ekspozicijom {AEC) i PMMA 180 x 240 mm blokova, debljina-od 20; 30, 40, 45, 50, 601 70
mm, Mjereni su vazduina kerma na mestu upada zraka 1 HVL. Po prvi put se procjenjuju
doza u mamografiji u Crnoj Gori na sistematski na¢in. Dobro je poznato da su doze, odredene
na ovaj nacin tj., pomoacéu fantoma, dobri reprezenti doza koje primaju Zene uz uslov da se
koristi isti AEC.

2.4. Rezuleal disertacije 1'njihovo tumadenje

U prvom radu Sonja je provjerila koliko dobre eksponencijalna funkeija odgovara
eksperimentalnim podacima, mjerenim jonizacionom kemorom, koja itma svojstvo 'zlatriog
standarda’ za odredivanje HVL-a. Uoleno je da se svi eksperimentalni podaci dobro fituju sa
eksponencijalnom funkeijom (koeficijenti korelacije su u veéini sluajeva bili bolji od 99%),
bez obzira-na &injenicu da rendgenski zraci nisu mono-energetski.

Drugi zadatak je bio procjena mjerne greske u odredivanju HVL. Ocijenjeno je-da je
greska mjerenja HVL-a manje od 10% (obiého'je bila manja od 6%). Konatnio je-potvrdena
metoda koja je predloZena u mnogim protokolima za kontrolu kvalitéte procjene HVI-a i
sastoji se. 1z tri mjerenja.

‘U drugom dijelu poglavlja kandidat se bavio mjerenjima Magic-Max dozimetrom u
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jednoj ekspoziciji. Izvrena je provjera pouzdanosti kvaliteta x-zraka. Podaci izmjerent
MagicMax-om su uporedwanl sa mjerenjima jonizacionom komorom. Ova studija bila je dio
Sireg proudavanja koja je ukljutivala nekoliko drugih dozimetara (tekst se planira za Stampuy).
U tezi se-takoder prov.;erava i tadnost mjerenja napona cijevi, Test se temelji na pretpostavm
da ako se isti kVp primijeni na razli€ite anodafilter kombinacije jednog te istog uredaja,
izmjereni kVp bi trebali biti isti. Rezultati su potyrétivali pouzdanost mamografskih jedinica,

Razlike izmedu direktnili mjerenja HVL, -a sa Magchax«om i mjerenja
jonizacionom komorom misu prelazﬂe vise od 0,02 mm Al To je marge od standardne.
devijacije, pa su time i imjerenja MagicMax-om prihvatljiva. Zatim je primijenjena
Robsonova metoda: u ovom pristupu HVL je procijenjivano u raspenu od 26 kVp do 32 kV7p,
sa mjerenjein HVL na 28 'kVp. Za testiraiie anoda/filter kembinacije (zapravo Mo!Rh)
odstupanja izmjerenih i ekstrapoliranih podataka su vrio mala. Jzvan raspona za kVp, koji je
predlozio Robson, tj. pri 24 kVp ili 34 kVp, odstupanja su- veda, ali jo§ uvek unutar granica,
postavljenih bilo kojim QC protokolori.

Ostrina slike mamografske jedinice se obi¢no karakteri$e njenom funkeijom Sirenja
tatke (PSF) ili njenom modulacionom transfer funkcijom (MTF), u'sluéaju ako se Jedmlca
ponasa kao linearng mvanjantna na pomeraj. Naden je efikasni metod za vradanje oftrine.
‘digitalnih mamograma pomocu postupaka dekonvolucije. Nema vise pojedinosti-o. metodi u
fekstu (vise pitanja se mogu postaviti fokom obrane teze), ali surezultati lustrirani:

Rekonstruisana testna stika kori§éenjem metodologije 1 (levo) 1 metodologije 2 (desna)
Metod nije ilustrovan na klini¢kim snimcima

Rezultati odredivanja AGD su prikazani u Tabeli niZe:

AGD vrednosti za 15 mamografskih jedinica, uporedo sa granic¢him vrednostima

mamin
o D20cam D-3[l'n1_rr_| D40m_m D45mr’r_| Dspmm  Déomm  D7omm
jedinic  pvma  PMMA  PMMA PMMA PMMA  PMMA  PMMA
a {mGy) {mGv) {mGv) (mGy) (mGy) (mGY)Y _ {mGy)

1 0.91 2.35 3,84 4.39 5.02 5.47 6.7
2 0.76 1.18 1.83 2.09 2.46. 3.62 5.56
3 0.68 1.07 1.63 1.96 2.32 3.51 491
4 0.56 0.85 1.32 1.4% .79 2.66 3.91
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5 054 085 136 163 198 286 432
6 077 107 149 155 171 231  3.96
7 045 071 116 136 167 248 375
8 048 073 115 121 149 211 201
9 048 042 051 064 066 064 075
10 075 116 181 221 264 381 6.02
11 092 146 233 281 386 427 7174

12 0.53 0.82 1.41 1.7 2.07 3.5 6.36
13 0.87 1.21 1.78 2.13 249 364 5.38
14 0.8 1.26 1.97 2.42 2.91 4.21 6.56
15. (.42 0.65  1.02 1.19 1.43 2.07 2.78
Prihvat]
jive <1.0 <1,5 <2.0 <2.5 <3.0 <435 <.5
DostiZn _ _
0 <0.6 <0 <16 <2.0 <2.4 <3.6 <5.1

Podaci jedinice 9 nisu kori§ceni, buduéi da su octjenjeni kao neodgovarajuci. Iz
preostatib podataka izratunati su. prvi dijagnostitki referentni nivoi (DRL). Da bi se to
postiglo, eksperimentalni podaci svih debljina su fitovani sa normalnom (Gaussovom)
raspodjelom i ocjenom srednjib vrijednosti i standardnih odstupanja. Zatim je uzeta yrednost
doze fia 75% Gausove raspodjele za referentni nivo AGD-e. Vrijednosti su prikazane u
sljedecoj Tabeli:

Predlozeni DRI za skrinivig mamografiju u Crnoj Gori

Debljina PMMA {fé‘il)‘]‘j‘i‘l’fgeé’:ﬁfe Predlofen DRL
{mm) (mm) (mGy)
20 21
30 32
40 45
45 53
50 60
70 90

Kwvalitet slike sa aspekta optitke gustine nije na odgovarajutem nivou. U vecini
centara se ne Koristi odgovarajuée procesiranje filma. Zakljuak ovog rada je- urgentna
.optimizacija p_rakse

‘Primijenjen je test protokol na CR mamografski sistem i time je omoguéen poCetak
nvodenja protokola u osigufanju kvaliteta (QA) za digitalne jedinice u Klini¢kom Centra u
Crnoj Gori. Ciljevi tog dela rada su bili: (1) izgradnja testovnih procedura za QA u digitalnoj
‘mamografifi sa novim testovnim uredajima, ukljuéujuéi MagicMax multimetar (IBA
‘Nemadka) i tkivu ekvivalentan antropomorfni fantom Mammo AT (IBA, Nematka) i (2)
odredivanje da 1i prvi digitalni CR -sisttm 1 Crnoj Gorl zadovoljava dana$nje Evropske
standarde.

‘Mamografski sistem koji se koristi u Klini¢kom centru Crne Gore se sastoji od
razli¢itih komponenti, koji zajedno &ine cjeloviti lanac za snimanje: Planmed Sophie
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mamografski rendgenski uredaj, Konica Minolta CR mamografske plote za snimanje RP-6M,
gitad Kopica Minolta Regius'190 CR, Kodak Dry View 6800 laserski pisag, Rogan View Pro-
X radna stanica i ekran za gledanje snimaka. Testovi su uglavnom izvedeni iz Evrropskog
protokola i ukljutuju: radijacioni izlaz cijevi (uGy / mAs), brzinu radijacionog izlaza
(mGy/s), reproducibilnost i talnost napona cijevi, poludebljinu, reproducibilnost i tatnost
AEC sistema, kontrole koraka ekspozicije, funkciju odziva receptora, kvalitet slike i test
stabilnosti pisafa. Prosjeéna glandularna doza je odredivana i pikazana u. poglavlju 5.
Rezultati su saZeti unaudnom &lanku i predstavljeni na Konferenciji u Varni 2014, godine. U
tom ¢lanku jé glavni fokus bio na tkivu ekvivalentom antropomorfnom fantomu Maimo.
AT (IBA). Poto ovaj antropomorfni fantom nije imao nikakvih o granidavajuéih vrijednosti u
smislu neprihvatljivosti, bio je primijenjen na svim film-skrin jedinicama kako bi se dobili
prvi referentni nivoi doza. Tada su se novi digitalni podaci mogli porediti sa DRL. Ovo je u
skladu s pristupom koji je usvojen za CDMAM fantom pri prijelazu s film-skrin jedinica na
digitalno ‘snimanje. Medutim, u ovom radu je upozoreno da kvalitet fitin-skrin jedinica nije
verifikovan, Ipak, misljena smo da sa ovim. fantomom moZemo garantovati da kvalitet
digitalnih sistema nece biti slabiji od trenutne- prakse u zemlji's film-skrin sistemima, ako bi
ista kolitina detalja na fantomu bila vidljiva. Po¥to CR sistem moZe da funkecioniie na vise
doznih nivoa, sve doze kandidati su bili {estirani i uporedivani sa rezultatima film-skrin
jediriica sa aspekta vidljivih detalja.

Kako bi se dobile referentne viijednosti film-skrin jedinica, sniman je: fantom na 11
konvencionalnih mjesta, testiranih od strane ovlaséenih tehnickih servisa Crne Gore. Na tri
Siemens. jedinice, fantom je bio izlagan manvelno dok nije dobijena odgovarajuéa optitka
gustina. Na ostalim konvencionalnim jedinicama (Planmed Sophie Classic - Finska) koris¢en
je AEC nagin rada. Na konvencionaliim sistemima broj vidljivih objekata je bio izmedu 7 1
14. QOcijenjeno je da je graniéni broj vidljivih detalja od -7 =9 sumnjiv za performansu
sistema 1 predlaZeno je kao minimalni kriterij '11 obj ekata koji se mogu detektovati'.

Fantom se tada izlagao x-snopu CR jedinice, menjajuci korak od -5 do +5.s AEC
(fiksnim kV 1 Mo-Mo) i AAEC (automatski izbor anode/flter i kVp). U klinitkoj praksi,
korak 0 je bio u upotrebi. MoZe se vidjeti da je u klinitkom reZimu sa AEC i korakom 0
{spunjen minimalni kriterij od 11 objekata za sve napone cijevi ispod 30 kVp. To nije bio
sluaj pri naponu od 30 kV, i razloge za-to vrijedi istraZiti.

__ 4 25 kV.{AAREC)

' 26XV (AEC)
g &30 KV (AEC)
= £ 28KV {AED)
..g #Anologue
g
g
£ -
=
-4

10 60 116 160 210

mas .

Kvalitet snimka dobijen sa IBA fantomom za sve vrijednosti kVp i uzastopnim AEC
kovaciing od -5 to-+5. Analogni sistemi su prikazani sa crvenim krugovima. Preporulena
vrijednost: 11 objekata.
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TRezultati istraZivanja su pokazali da je moguce postiéi QA na digitalnom CR
mamografu, koriséenjem IBA fantoma. Ovaj projekt je posluZio, istovremeno iza istraZivanje
i za obuku. Zakljuceno jeda:

{1) su svi mjereni parametn unutar opsega, opisanog.u Evropskim protokohma osim
‘napona cijévi koji je odstupao vise od + 1kV. Automatske odredivanje HVL-a je bilo
zadovoljavajuce. P103530na glandulama doza jebila od 0,66 do 7,02 mGy za debljine
TMMA 'od 20 do 70mm i bila je u skladu sa podacima iz literature,

(2) Ocjena kvaliteta slike koja je dobijena tkivu ekvivalentnim antropomorfnim
fantomom  Mammo AT za CR sistem je bila sli¢na rezultatima dobijenim iz
konvencionalne mamografije.s filmom.

U posljednjem poglavlju sprovedeno je ispitivanje prihvatljivosti pustanja sistema u
rad, koriste¢i preliminami protokel EUREF tima. Svi su testovi izvedeni zajedno s
'_profesorom Nicholasom Marshallom (KU Leuven). Izvje$taj je ukljuden 1 komentarisan u
rukopisu. Rezultati su bili u skladu s rezultatima na drugim Hologic sistemima koje su ranije
testirali drugi timovi. Sonja sada moZe periodiéno reprodukovati fa.mj erenja.

3. Konatra ocjena disertacije

Prvi put su bili primijenjeni ‘protokoli QC na film-skrin, CR i DBT jedinicama.
PredloZen je prvi crmogorski DRI za mamografiju. Na temelju svih iskustva dobijenih QC-
om na film-skrin,. CR i DR s tomogintezom, Sonja je sada dobro pripremljena za globalno
izvodenje QC-a u. screeningu. dojke, koriéenjem majnovijii Evropskih i IAEA smjetnica.
Ovo je glavno dostigriuée i izra¥avamo nadu da ¢e se ova strucnost Kkoristiti u zemlji.

Glavni nangni doprinosi ove teze su procjena nes;gumosu odredivanja vrijednosti
poludebljing u mamografiji; provjera automatiziranih mjerenja filterima s novim MagicMax
detektorom ‘i potvidivanje Robsonove paramemzacgc za ocjenjivanje svih HVL-ova iz
jednog mjerenja na 28 kVp. ‘Sljedeci doprinos je predloZena rekonstrukcija snimka bazirana
na Wiener-ovim filterima.

Visok kvalitet QA i QC u.mamografiji je-od izuzetne vaZnosti za rano otkrivanje raka
dojke. Na pocetku rada na ovoj tezi u Cmoj Gori-nije bio razvijen QC mamografskih sistema.
Sa mjerenjima sprovedemm u ovoj tezi; nivo QC je zhatno poveCan. Zapolelo s¢ s
primjenom smjernica EU.iIAEA za QC u mamografiji i Sonja je dobila prve rezultate.

Komisija predlaZe Vljecu Prirodno- matcmanckog fakulteta i Senatu Univerziteta Crne-
Gore da prihvati pozitivau ocjenu ponudenog teksta i odobre javiu odbranu disertacije
kandidatu mr Sonji Ivanovié pod naslovom. ,,Unapreden]e kontrole kvallteta i osiguranje
kvaliteta {QA i.QC) u skriningu i dijagnosti€¢koj mamografiji u Crnoj Gori*,

Obrazac D3: Ocjena doktorske disertacije 7/8
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VIJECU PRIRODNO-MATEMATICKOG FAKULTETA I SENATU
UNIVERZITETA CRNE GORE U PODGORICI

PREDMET: Ocjena doktorske disertacije mr Sonje Ivanovi¢

Na sjednici Senata Univerziteta Crne Gore, odrzanoj 16.10.2017. godine, imenovana je
Komisija u sastavu dr Hilde Bosmans (vanredni profesor Medicinskog fakulteta u Luvenu), dr
Olivera Ciraj Bjelajac (vanredni profesor elektrotehni¢kog fakulteta u Beogradu), dr Slavoljub
Mijovié (redovni profesor Prirodno-matemati¢kog fakulteta u Podgorici), dr Mara Séepanovié
(redovni profesor Prirodno-matemati¢kog fakulteta u Podgorici), dr Mira Vucelji¢ (redovni
profesor Prirodno-matemati¢kog fakulteta u Podgorici), sa zadatkom da pregleda i ocijeni
doktorsku disertaciju pod naslovom ,,Unapredenje kontrole kvaliteta i osiguranje kvaliteta
(QA i QC) u skriningu i dijagnostickoj mamografiji u Crnoj Gori“, kandidata mr Sonje
Ivanovi¢.

Komisija je pregledala tekst disertacije i podnosi Vijecu i Senatu sljedeci

I1ZVJESTAJ

| Tema i cilj doktorske disertacije

Skrining raka dojke je u vecini zemalja svijeta veliki zdravstveni problem za Zene.
Generalni cilj ove teze su istraZivanja i pobolj$avanja metoda za procjenu prosjecne glandularne
doze (AGD) i kvaliteta slike u mamografiji kao i razumjevanje korelacije izmedu fizickih 1

tehnickih parametara sa klinickim kvalitetom slike.

Specifiéni ciljevi su bili:

« evaluacija tehniCkih karakteristika mamografskih jedinica u Crnoj Gori,

» poboljSanje metoda za procjenu prosje¢ne glandularne doze i kvaliteta slike;

» uspostavljanje nacionalnih referentnih nivoa doza sa podacima, dobijenih u skladu sa
medunarodnim standardima;

» provjera pouzdanosti automatskih mjerenja filterima pomo¢u multimetra MagicMax.

Osim toga, nova tehnologija tomosinteze se morala istrazivati tehni¢kim testovima.



. Struktura i rezultati disertacije

Sonjina teza je prva ove vrste u Crnoj Gori i zbog toga je odluila da napravi
sveobuhvatan dokument. Teza je trebala biti 1 ¢jelovita tako da je kandidat bio zamoljen da
ukljugi i poglavlje o osnovnoj teoriji i opremi za upotrebu u skriningu raka dojke. Uz to, svi
dobijeni rezultati istra¥ivanja su ukljudeni. Sadr¥aji objavljenih naunih radova su takode

ukljuceni u rukopis.
Teza sadrzi sedam poglavlja.
Prvo poglavlje definie rad na tezi.

Skrining raka dojke je u vedini zemalja svijeta veliki zdravstveni problem za Zene. Sonja
objadnjava osnove bolesti, kao i kako se rak manifestuje u rendgenskim snimeima. Obicno se
vide razlike u kontrastu slika mekih tkiva (veli¢ine> 2 mm) i sitnili kal¢ifikacija, koje se pod
pravilnim rendgenskim uslovima mogu vidjeti 1 kada su reda veli¢ine 100 pm. U drugom dijelu
uvoda objagnjava se rendgenska tehnika. lako postoji opsezna literatura u vezi s najnovijom
digitalnom rendgenskom tehnikom, Sonja se edlucila da nglavnom koristi materijal nove knjige
od strane Ageneije za atomsku energiju (IAEA), 'Dijagnostitka radioloska fizika', priru¢nik za
nastavnike i studente 'D.R. Dance, S. Clristofides, A.D.A. Maidment, I.D. Mel.éan i K.H. Ng.
Knjiga je objavljena 2014. godine.

Drugo poglavlje postaylja probleme koji ée se resavati u tezi i plan rada kako raditi na
mima.

Poglavije 3: Putem IAEA projekta RER 6004, Klini¢kom centru je dostavljen kompletan
set za testiranje mamografskih jedinica. Od posebne vaZnosti za ovaj rad je novi multimetar
'Mz_ig_iéMaX' i antfopomorfni fantorn (vidi poglavlje 6).

Novi dozimetar je jedinstven, u smislu-da u jednoj ekspoziciji simultano mjeri radijacioni
izlaz cijevi, brzinu radijacionog izlaza, napon na cijevi, anoda/filter kombinaciju i poludebljinu
(HVL). Ovaj jedinstveni pristup namede potrebu istraZivanja u smislu tatnosti uredaja sa
naroditim akcentom namjerenja HVL-a,

U prvom radu Sonja je provjerila koliko dobro eksponencijalna fusikcija odgovara
eksperimentalnim podacima, mjerenim jonizacionom kemorom, koja ima svojstve 'zlatnog

standarda’ za odredivanje HVL-a. Uogeno je da se svi eksperimentalni podaci dobro fituju sa



eksponencijalnom funkcijom (koeficijenti korelacije su u vecini sluCajeva bili bolji od 99%), bez
obzira na injenicu da rendgenski zraci nisu mono-energetski.

Drugi zadatak je bio procjena mjerne greSke u odredivanju HVL. Ocijenjeno je da je
greska mjerenja. HVL-a manje od. 10% (obi¢ne je bila manja od 6%). Konaéno je potvrdena
metoda koja je predlozena u mnogim protokolima za kontrolu kvalitete procjene HVL-a i sastoji
seiz tri mjerenja.

U drugom dijelu poglavija kandidat se bavio mjerenjima Magic-Max dozimetrom u
M_agicl\__/l_ax-om su uporedivani sa mjerenjima jonizacionom komorom. Ova studija bila je dio
Sireg proudavanja koja je ukljuéivala nekoliko drugih dozimetara (tekst se planira za Stampu). U
tezi se takoder-provjerava i tatnost mijerénja napona cijevi. Test se temelji na pretpostavei da ako
se isti kVp pr‘imijeni na razli¢ite anoda/filter kombinacije jednog te istog uredaja, izmjereni kVp
bitrebali biti isti. Rezultati su potvrdivali pouzdariost mamografskih jedinica.

Razlike izmedu direktnih mjerenja HVL —a sa. MagicMax=om i mjerenj_a jonizacionom.
komorom nisu prelazile vide od 0,02 mm Al To je manje od standardne devijacije, pa su time.i
mjerenja MagicMax-om prihvatljiva. Zatim je primijenjena Robsonova metoda: u ovom pristupu
HVL je procijenjivano u rasponu od 26 kVp do 32 kVp, sa mjerenjem HVL na 28 kVp_. Za
testirane anoda/filter kombinacije- (zapravo Mo/Rh), odstupanja fzmjerenih i eks’tra'poliranih
podataka su vrio mala. Izvan raspona za kVp, koji je predloZio:Robson, tj, pri 24 kVp-ili 34 kVp,

odstupanja su ve€a, ali jo$ uvek unutar granica, postavljenih bilo kojim QC protokolom.

Poglavlje 4. Digitalne slike su sa Suhom. Sonja je radila na problemima naknadne
obrade slike (post-procesiranje) u cilju redukeije $uma.

Ostrina slike mamografske jedinice se obi¢ho karakteriSe njenom funkcijom Sirenja tacke
(PSF) ili njenom modulacionom transfer funkcijom (MTF), u sluéaju ako se Jedinica ponasa kao
linearno invarijaritna na- pomeraj. Naden je efikasni metod. za vracanje o¥trine. digitalnih
mamograma pomoéu postupaka dekonvolucije. Nema viSe pojedinosti o metodi u tekstu (vise

pitanja se mogu postaviti tokom obrane teze), ali su rezultati ilustriraniz



Rekonstruisana testna slika kori§éenjem metodologije 1 (levo) I metodologije 2 (desno)

Metod nije ilustrovan na klini&kim snimcima

Poglavlje 5. Ovo poglavlje opisuje prve korake prema primjeni cjelovitog protokola na
mamogramskim j'jedinicama u Crnoj Gori, koja ima 15 film-skrin jedinica i jednu CR jedinici.
Kao testni protokoli koriSéeni su Evropske smjernice za osiguranje kvalitete u skriningn raka
dojke i IAEA protokol. U %iZi ispitivanja je bila sigurnost (detaljno ispitivanje rendgenskih cijevi
i x-snopova), ‘doza pacijenata 1 kvalitet .slike_. Posto- su 14 od 15 jedinica film-skrin sistemi,
senzitometrijska 1 denzitometrijska spitivanja su bifa krucijalna.

AGD je raunata Dance-ovim metodom, $to je takode opisano u Evropskom protokolu za
kontrolu kvaliteta fizi€kih i tehnickih aspekata skrin-film mamografije. Doza je odredivana
kori§éenjem standardnih kliniékih odabranih faktora izlaganja sa. automatski kontrolisanom
ekspozieijom (AEC) 1 PMMA: 180 x 240 mm blokova, debljina od. 20, 30, 40, 45, 50, 601 70
mm. Mjereni su vazdu$na kerma na mestu upada zraka i HVL. Po prvi put se.procjenjuju doza u
mamografiji u Crnoj Gori na sistematski na¢in, Dobro je'poznato da su doze, odredene na ovaj
nadin tj,, pomoc¢u fantoma, dobri reprezenti doza koje primaju Zene uz uslov da se koristi isti

AEC. Rezultati su prikazani u Tabeli nize:



AGD vrednosti za 15 mamografskih jedinica, uporedo sa granicnim vrednostima

Diomm  Dsomm  Daomm  Dssmm Dsonm  DPeoom  Droma

mammo PMMA  PMMA  PMMA. PMMA PMMA  PMMA  PMMA
jedinica  (mGy)  (mGw)  (mGy) (mG). (mGy) ___ (mGy) __ {(mGy)
1 0.91 235 384 4.39 5.02 5.47 6.7
2 0.76 1.18 1.83 2.09 2.46 3.62 5.56
3 0.68 1.07 1.63 1.96 2:32 3.51 491
4 0.56 0.85 1.32 1.49 1.79 2.66 391
5 0.54 0.85 1.36 1.63 1.98  2.86 432
6 0.77 1.07 1.49 1.55 1.71 2.21 3.96
7 0.45 0.71 1.16 1.36 1.67 248 3.75
8 0.48 0.73 1.15 1.21 1.49 2.11 2.91
9 0.48 0.42 0.51 0.64 0:66 0.64 0.75
10 0.75 1.16 1.81 2.21 2.64 3.81 6.02
1T 0.92 146  2.33 2.81 3.86  4.27 774
12 0.53 0.82 1.41 1.7 2.07 3.5 6.36
13 0.87 1.21 1.78 2.13 2.49 3.64 5.38
14 0.8 1.26. 1.97 242 291 421 6.56.
15 0.42 0.65. 1.02 1.19 1.43. 2.07 2.8

Prihvatljivo <1.0 <1,5 <2.0. <2.5 <3.0 <4.5 <6.5

Dostizno <0.6 <1.0 <16 <2y <24 <36 <51

Podaci jedinice 9 nisu koriiéeni, buduéi da su ocijenjeni kao neodg’ovaraju'(";'i. Iz
preostalih podataka izragunati-su. prvi dijagnosticki referentni niivoi (DRL). Da bi se to postiglo,
eksperimentalni podaci svih. debljina su fitovani sa normatnom (Gaussovom) raspodjelom 1
ocjenom srednjih vrijednosti i standardnih odstupanja. Zatim je uzeta vrednost doze na 75%.

Gausove raspodjele za referentni nivo AGD-e. Vrijednosti su prikazane u sljedecoj Tabeli:

Predlozeni DRL za skrining mamografiju u Crnof Gori

Debljina PMMA  Lduivalentma - 505 omi DRI

(mm) debifine dolke (mGy)
20 21
30 32
40 45
45 33
50 60
60 75

70 90




Kvalitet slike sa aspekta optitke gustine nije na odgovarajuéem nivou. U veéini centara
se ne koristi odgovarajuée procesiranje filma, Zakljutak ovog rada je- urgentna optimizacija
prakse.

Poglavlje 6. Primijenjen je test protokol na CR mamografski sistem. To je omogugilo
podetak uvodenja protokola u osiguranju kvaliteta (QA) za digitalne jedinice wKlini¢kom Centria
u Crnoj Gori. Ciljevi tog dela rada su bili: (1) izgradnja testovnih procedura za QA u digitalnoj
mamografiji sa novim testovnim uredajima, ukljudujuéi MagicMax multimetar (IBA, Nemacka) i
tkivu ekvivalentan antropomorfhi fantom Mammo AT (IBA, Nemacka) i (2) odredivanje da i
prvi digitalni CR sistem u Crnoj Gori zadovoljava danasnje Evropske standarde,

Mamografski sistem koji se koristi u Klini¢kom centiu Crne Gore-se sastoji od razli¢itih
komponenti, koji zajedno &ine cjeloviti lanac za snimanje: Planmed Sophie mamografski
rendgenski uredaj, Konica Minolta CR mamografske ploge za snimanje RP-6M,; ¢ita Konica
Minolta Regius 190 CR, Kodak Dry View 6800 laserski pisaf, Rogan View Pro-X radna stanica
i ekran za gl_edan'je snimaka. Testovi su uglavnom izvedeni iz Eviropskog protokola i_ukljﬁ_éuju:_
radijacioni izlaz cijévi (UGy / mAs), brzinu radij_&ciono_g‘_ izlaza (mGy/s), reproducibilnost i
taénost napona cijevi, peludebljinu, reproducibilnost i talnost AEC sistema, kontrole koraka
ekspozicije, ﬁmkéiju odziva teceptora, kvalitet slike i test stabilnosti pisaga. 'Pro_sjcé'na
glandulamma doza je odredivana i pikazana u poglavlju 5. Rezultati su saZeti u nau€nom &lanku i
predstavijeni na Konferenciji u Varni 2014. godine. U tom ¢lanku je glavni fokus bic na tkiva
ekvivalentnom antropomoifnom fantomu Mammo AT (IBA). Posto ovaj antropomorfni fantom:
nije imao nikakvih ograniavajuéih vrijednosti u smislu neprihvatljivosti, bio je primijenjen na
'Ss}im film-skrin jedinicama kako bi se dobili prvi referentni nivoi doza. Tada su se novi di_'gi_ta_lni_
podaci mogli porediti sa DRL. Ovo je u skladu s pristupom koji je usvojen za COMAM fantom
pri prijelazu s film-skrin jedinica na digitalno-snimanje. Medutim, u ovom radu je upozoreno da.
kvalitet film-skrin jedinica nije verifikovan. Ipak, mi§ljena smo da sa ovim fantomom moZemo
garantovati da kvalitet digitalnih sisteina neée biti slabiji od trenutne prakse u zemlji s film-skrin
sistemima, ako bi ista koli¢ina detalja na fantomu bila vidljiva. Podto CR sistem moZe da
funkeionige na vise doznih nivoa, sve doze katididati su bili testirani i uporedivani sa rezultatima
film-skrin jedinica sa aspekta vidljivih detalja.

Kako bi se dobile referentne vrijednosti: film-skrin jedinica, sniman je fantom na 11

konvencionalnili mjesta, testiranih od strane ovlaCenih tehnitkih servisa Cine Gore. Na tri



Siemens jedinice, fantom je bio izlagan manuelno dok nije-dobijena odgovarajuéa. optiéka
gustina. Na ostalim konvencionalnim jedinicama (Planimed Sophie Classic - Finska) koriséen je
AEC nadin rada. Na kofivencionalnim sistemima broj vidljivih objekata je bio. izmeidu 7 1 14.
Ocijenjeno je da je granicni broj vidljivih detalja od 7 <9 swumnjiv za performansu. sistema i
prediazeno je kao minimalni kriterij '11 objekata koji se mogu detektovati'.

Fantom se tada izlagao x-snopu CR jedinice, menjajuci korak od <5 do +5 s AEC
(fiksnim kV i Mo-Mo) i AAEC (automatski izbor anode/flter i kVp), U klinidkoj praksi, korak 0
je bio u upotrebi. MoZe se vidjeti da je u klinickom reZimu sa AEC 1 korakom 0 ispunjen
minimalni kriterij od 11 objekata za sve napone cijevi ispod 30 kVp: To nije bio sludaj pri

naponu od 30 kV, i razloge za to vrijedi istraZiti.

< I5kV {AAEC)
B16 kv [AEC)
® 30 kV (AEC)
428 kY {AEC)
% Anclogue

10 50 130 160 210.

Kvalitet snimka dobijen sa IBA fantomom.za sve vryedn osti kVp i uzastopmm AEC koracima
od -5 to +5. Analogni sistemi su prikazani sa crvenim krugovima. Preporucena vrijednost:
11 objekata.

Rezultati istraZivanja su pokazali da je moguée posti¢i QA na digitalnom CR mamografi,
koriséenjem IBA fantoma. Ovaj projekt je poshiZio, istovrémeno 1 za istraZivanje i za obuku.
Zakljuéeno je da:

(1) su svi ‘mjereni parametri unutar opsega, opisanog u Evtopskim protokolima, osim napona
cijevi koji je odstupas viSe od * 1kV. Automatské odredivanje HVL-a je bilo
_zadq.thl_javajué'e. Prosjecna glandulama doza je bila od 0,66 do 7,02 mGy za debljine
PMMA od 20 do 70miri i bila jeu skladu sa podaciima iz literature.



(2) Ocjena kvaliteta slike koja je dobijena tkivu ekvivalentnim antropomorfnim fantomom
Mammo AT za CR -sistefn je bila sliéna rezultatima dobijenim iz konvencionalne
mamografijé s filmom.

Poglavlje 7. Uradena su prva istraZivanja QC na nedavno instaliranom sistemu digitalne
tomosinteze grudi (DBT) u Crioj Gorl. U 6vom posljednjem poglavlju sprovedeno je ispitivanjo
pribvatljivosti pustanja sistema u rad, koriste¢i preliminami protokol EUREF tima, Svi su testovi
izvedeni zajedno s profesorom Nicholasom Marshallom (KU Leuven). Izvjedtaj je ukljucen i
komentarisan u rukopisu. Reézultati su bili u skladu s. rezultatima na drugim Hologic sistemima

koje su ranije testirali drugi timovi. Sonja sada moZe periodiéno reprodukovati ta mjerenja.

III Mi%ljenje i predlog

Visok kvalitet QA 1 QC u mamografiji je od izuzetne vaZnosti za rano. otkrivanje raka
dojke. Na pocetku rada na ovoj tezi u Crnoj Gori nije bio razvijen QC mamografskih sistema, Sa
mjerenjima sprovedenim u ovoj tez, nivo QC je znatno poveéan. Zapodelo se s primje_no‘m
smjernica EU i IAEA za QC u mamografiji i Sonja je dobila prve rezultate.

‘Glavni nauéni doprinosi ove teze su proc¢jena nesigurnosti odredivanja vrijednosti
po'ludeb_ljine u mamografiji; provjera automatiziranih mjerenja filterima s hovim MagicMax
detektorom 1 potvrdivanje Robsonove parametrizacije za ocjenjivanje svih HVL-ova iz jednog
mjcrenja na 28 kVp. Sljedeéi deprinos je predloZena rekonstrukcija snimka bazirana na Wiener-
ovim filterima; Prvi put su bili primijenjeni protekoli QC na film-skrin, CR i DBT jedinicama.
PredloZen je prvi crnogorski DRL za mamografiju. Na temelju svih iskustva dobijenih QC-om
na film-skrin, CR 1DR s tomesintezom, Sonja je sada dobro pripremljena za globalno izvodenje.
QC-a u screeningu dojke, koris¢enjern najnovijih Evropskih i IAEA smjernica, Ovo je glavno

dostignuée i izrazavamo nadu da-¢e se ova strudnost koristiti u zemlji.



Komisija predlaze Vijecu Prirodno-matemati¢kog fakulteta i Senatu Univerziteta Crne

Gore da prihvati pozitivnu ocjenu ponudenog teksta i odobre javnu odbranu disertacije kandidatu
mr Sonji Ivanovié¢

pod naslovom

»,Unapredenje kontrole kvaliteta i osiguranje kvaliteta (QA i QC) u skriningu i
dijagnostickoj mamografiji u Crnoj Gori*.

Podgorica, 27. Decembar 2017.
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TO THE COUNCIL OF THE FACULTY OF SCIENCES AND MATHEMATICS
AND THE SENATE OF UNIVERSITY OF MONTENEGRO IN PODGORICA

SUBJECT: Evaluation of the Doctoral dissertation of MSc Sonje Ivanovi¢

At the session of the Senate of the University of Montenegro, held on 16.10.2017., the
Commission was appointed with the members: Dr Hilde Bosmans (associate professor of the
Faculty of Medicine in Leuven), Dr Olivera Ciraj Bjelajac (associate professor of the Faculty of
Electrical Engineering in Belgrade), Dr Slavoljub Mijovi¢ (full professor of the Faculty of
Sciences and Mathematics in Podgorica), Dr Mara Séepanovié (full professor of the Faculty of
Sciences and Mathematics in Podgorica), Dr Mira Vucelji¢ (full professor of the Faculty of
Sciences and Mathematics in Podgorica), with the task of reviewing and evaluating the doctoral
dissertation under the title “Improving QA/QC in Mammography Screening and Breast
Diagnosis in Montenegro” of the candidate, MSc Sonja Ivanovié.

The Commission reviewed the text of the dissertation and submits to the Council and the
Senate the following

REPORT
I The subject and goal of the doctoral dissertation

Breast cancer screening is in most countries of the world a big health problem for
women. The overall objective of this thesis is to investigate and improve methods for evaluation
of average glandular dose (AGD) and image quality in mammography and to correlate physical

and technical quality to clinical image quality.
The specific objectives were:

e evaluation of the technical situation of the Montenegrin mammography systems;

e improvement of methods for evaluation of average glandular dose (AGD) and image quality;

e establishment of national dose reference levels from data acquired according international
standards;

e a verification of reliability of automated filter measurements with the MagicMax multimeter.

In addition, the new tomosynthesis technology had to be investigated by means of technical tests.



Il The structure and results of the dissertation

Sonja’s thesis is the first in its kind in Montenegro and therefore it.-was opted to make it a
comprehensive -document, The document had to be self-containing and she was asked to include
also a chapter on the basic theory and equipment for use in breast cancer screening. Next to. this,
all the research efforts have to be reported too. It was chosen to collect the published scientific

papers and include them in the manuscript.
The thesis of Sonja consists of 7 chapters,
The first chapter situates the work,

Breast cdncer screening is in most countries of the world a big health problem for
women. Sonja explains the basics of the discase, as well as how a cancer shows up in x-ray
images: It is usually distinguished between soft. tissue masses (with sizes > 2mm) .and tiny
calcifications which, under proper x-ray conditions, can be visible from sizes as small as 100
pm. In the second part of the introduction, she explains the x-ray technology. An extensive
literature search regarding the best up-fo-date texts on digital x-ray technology made Sonja
decide to mainly use the material of a new text book by the IAEA, ‘Diagnostic Radiology
Physics A Handbook for Teachers and Students’ by D.R. Dance, S. Christofides, A.D.A.
Maidment, I.D. Mclean and K.H. Ng. The book was published in 2014.

The second chapter situates the thesis: the problem to be solved was defined and the

traject on how to work at it ig explained.

Chapter 3. Via the RER 6004 project with the TAEA, a complete test set of equipment
was provided to the center. Of importance in this work is the riew multimeter ‘MagicMax’ and

an anthropomorphic-phantom (see chapter 6).

The riew dosemeter is unique, in a sense that it.allowed to measure in a single step tube-
output, tube output rate, tube voltage, anode/filter and HVL. This unique output triggered an

investigatiori on the accuracy of the device and on HVL theasurements in particular,

In a first paper, Sonja has checked how well an exponential function fits the experimental
data, from ionisation chamber measurements that act as _go'ld_ standard, to obtain the HVL. Tt was

observed that all experimental data fitted well to an exponential function (correlation coefficients



were in most cases befter than 99%), notwithstanding the fact that x-ray beams are not mono

energetic,

The second task was the estimation of the. uncertainty on HVL determination: the
uncertainty of HVL was found to. be less than 10% usually less than 6%). Finally the method

proposed in many QC protocols to estimate the HVL from 3 measurements was reconfirmed.

The second part of the chapter dealt with the one-stop-shop measurements of the Magic
Max dosimeter. It was investigated whether its beam quality measurements ar¢ trustworthy.
Magic Max data were compared to measurements with ionization chambers, This study was part
of a larger study that included several other-dosimeters (text to be submitted). Tn the thesis, also
the tube 'voltag’__e measurement accuracy is tested too. The test was based on the assumption that if
the'same kVp is applied to different anode/filters of a single device, the measured kVp should be
the same. The results were re-assuring for the device.

The difference between the direst HVL nieasurements. of Magic Max and ionization
measurements do not exceed more than 0.02 mm Al. This-is smaller than the standard deviation,
and is therefore judged acceptable. Next, Robson’s-method was applied: in this approach, the
HVL in thé range 26kVp — 32 kVp is estihated from the HVL at 28kVp. For the tested
anode/filters (namely Mo/Rh), the deviations between the measuted and the extrapolated data are
very small. Qutside the kVp range proposed by Robson, i.e. at 24kVp or 34 kVp, the deviations

are larger but within limiting values set by any QC protocol.

Chapter 4. Digital images are noisy. Sonja has worked at a post processing procedures to
reduce the appearance of the noise.
The sharpness of an imaging system is usually characterized by its Point Spread Function (PSF)
or its Fourier transfornia_tidn MTF if the imaging system is linear shift invariant. The thesis
reports on @ method to restore the sharpness of digital mammiGgrams using deconvolution
procedures. There aren’t: any more details about the method in the text (more questions may be

asked during the defense of the work), but the results are illustrated:



The restored images by using methodology 1(left) and methodology 2 (right)

The method is not illustrated in-clinical images.

Chapter 5. This chapter describes the first steps toward applying the complete protocol
on Montenegrin systems. The country has 15 film-screen units and 1 CR unit. As a test protocol,
the. Furopean Guidelines: for Quality Assurance in breast cancer sereening and the JAEA
protocol, were implemented. There was a focus on safety (by testing the x-ray tube and beam in
detail), patient dose and image quality. As 14 / 15 systems use filim-screen, sensitometry and

densitornetry were crucial:

The average glandular dose (AGD) were calculated with Dance’s method, as also
described in the European protocol for the quality control of the physical and technical aspects of
screen — film mammography. The dose was determined using the standard clinically selected
exposure factors under Automatic Exposure Control (AEC) and for PMMA blocks of 180 x 240
mm with thicknesses of 20, 30, 40, 45, 50, 60 and 70 mm, Incident air kerma and HVL were
measured, For the first time, mammography doses have been estimated for Montenegrin Systems.
It is well known that these phantom determined doses are répresentative for the women, if, of

course, the sarne AEC is used. Data are shown in the next Table:;



AGD values for 15 mammo units, compared to limiting values

Daosim D3omm  Daomm  Diaswmn Dsoiam  Déoom  D7omm

MAMMO  pvMMA  PMMA  PMMA PMMA PMMA  PMMA  PMMA
unit (mGy) ___(mGv) ___ (mGv) {mGy} mGy). __ (mGy) ___(mGy)
1 0.91 2.35 3.84 439 5.02 5.47 6.7
2 0.76. 1.18 1.83 2.09 2.46 3.62 5.56
3 0.68 1.07 1.63 1.96 2,32 3.51 4.91
4 0.56 0.85 1.32 1.49 1.79 2.66 3.91
5 0.54 085 136 163 198 286 432
& 0.77 1.07 1.49 1.55 1.71 2.21 3.96
7 0:45 0.71 1.16 1.36 1.67 2.48 3.75
8 048 073 115 121 149 211 2091
9 0.48- 0.42 0.31 0.64 0.66 0.64 0.75
10 0.75 1.16 1.81 2.21 2.64 3.81 6.02
11 0.92 1.46 2.33 2.81 3.86 4.27 7.74
12 0.53 0.82 1.41 1.7 2.07 35 6.36
13 087 121 178 2.13 249 364 538
14 0.8 1.26 1.97 2.42 2,91 4.21 6.56

15 042 065  1.02 1.19 143 207 278
acceptable  <I.0 <1,5 <2.0. <2.5 <3.0 <4.5 <6.5

achievable <0.6 <I1.0 <1:6 <20 <2.4 <3.6 <5.1

Data of system 9 were not used, as these data were not judged appropriate, From the
remaining data, a first Diagnostic Reference level (DRL) was calculated. To do so, the
experimental ‘data of -all thicknesses were fitted with a normal ('Gau'ss'i'an) dist_ribuﬁon and
estimation for mean values and standard deviation was done. Then the 75 percentile for the AGD

was obtained. The-values are shown in the next Table:

Proposed DRL for screening mammography in Montenegro

. 1 Equivalent
Pﬁmﬁfm Breast Thickness Pr“ﬁfﬁ;’f ?RL
(mm) Y
20 ' 31
30 32
40 45
45 53
50 60
60 75

70 90




Image quality in terms of optical density was not on a good level. Most centers do not use
appropriate film processing. The conclusion of the work was that optimization of practice should

be organized urgently.

Chapter 6 applied the test protocol on a CR Mammography system. It allowed to make a
start with & protocol for the quality assurance of digital mammography in the clinical centre of
Montenegro. The purposes of this part ‘of the work were (1) to work out a test procedure for
Quality Assurance (QA). in digital mammography with the new test equipment, including the
MagicMax. multimeter (IBA, Germany) and the an_thr_opom_orphic tissue equivalent phantom
Mammo AT (IBA, Germany), and (2) to determine whether ‘a first: digital CR system in
Montenegro meets the current European standards.

The' mammography system used in the Clinical Centre of Montenegro -consists of
different components, forming all together the complete imaging chain: a Planmed Sophie
mammographic x-ray unit, Konica Minolta CR mammogtaphy imaging plates RP-6M, a Konica
Minolta Regius 190 CR reader, a Kodak Dry View 6800 Laser printer, a Rogan View Pro-X
workstation and viewing boxes. The tests were mainly derived from the European protocol and
include: tube output (_"j.tGyZmAs), output rate (mGy/s), reproducibility -and accuracy of tube
voltage, half value layer, reproducibility and accuracy of the AEC system, exposure coutiol
steps, image receptor’s response function, image quality and printer stability test, The average
glandular dose was measured and reported in chapter 5. The results are summarized in a
scientific paper, presented at the Varna Conference in 2014. In this text, a major focus was on the
anthropomorphic tissue equivalent phantom Mammo AT (IBA). Hence, this anthropomorphic
phantom did not have any limiting values that could guide the decision of acceptability.
Therefore, the phantom was applied on all the film-screen systems to obtain a first reference
level, to which the new digital data could be compared. This is in line with the approach that had
been adopted for the CDMAM pharitom at the transition from film screen to-digital imaging: In
present study, it was warned however that the quality of the screen film. systems was not
guaranteed. Nevertheless, the phantom was thought to be able to guarantee that the quality of a
digital system would not be lowér than the current practice 1in the country with film-screeii if at
the least the same amount of test inserts would be.visible. As the CR system could be operated
with several dose levels, all candidate dose levels were tested and compared to the scores of

film-screen.



In order to obtain reférerice values- from film-screen systems, the phantom was taken to
11 conventional sites, tested by the Authorized Téchnical Services of Montenegro according, On
the three Siemens units, the phantom was exposed manually, until proper optical density was
obtained. On the other conventional units (Planmed Sophie Classic — Fi’n'la"nd)'-,_ the AEC mode-
was used. The conventional systems show between 7 and 14 objects, We consider the values of
system 7 and 9 as outliers, or at least suspicious for poorer performance and propose. as a
minimal criterium ‘11 objects detectable’.

The phantom was then exposed by the CR unit using the steps from -5 to +5 with AEC
(fixed kV and Mo-Mo) and AAEC (automatic choice of anode/flter and kVp). In ¢linical
practice, step 0 was in use. It can be seen that at the clinical AEC step O for all tube voltages
below 30kVp, the minimal ¢riterium of 11 objects is met, This is not the case for the 30kV

setting, an issue worth exploring,

17 €25 kV (AAEC)
E26%V (AEC)

g 15 © 30 kv {AEC)
';g-_ 13 - & 28 kV [AEC)
5 11 # Anolaogue
-
g9
zZ 7

[ TUR— S— B A

10 [1s) 110 160 210
mAs

Image quality as obtained with the IBA phantom forall kVps and successive AEC steps from
-5 to +3. Analogue systems are shown with red circles. Limiting value: 11 objects.

The main findings are that QA on-digjtal CR mammography is feasible in Moatenegro
and there is-a first limit available for use with the IBA phantom. This project served both training
and research purposes, It was concluded that;

(1) All measured parameters are within the range described in Evropean protocols except for
the tube voltage which deviated more than #1kV. The automatic determination. of the HVL was.
satisfactorily. Average glandular dose ranged from 0.66 to 7.02mGy for PMMA thicknesses

from 20 to 70mm, and is in accordance with litérature data.



(2)The image quality score as obtained with the Anthropomerphic tissue equivalent
phantom Mammo AT for the CR ‘system was similar to the scores obtained. from conventional

screen-film mammography.

Chapter 7 deals with the first exploration of QC on ‘the newly installed Digital Breast
Tomosynthesis (DBT) system in Montenegro. In this final chapter, an acceptance test was
performed, using a preliminary protocol by the euref team. All the tests were performed together
with prof Nicholas Marshall (KU Leuven). The report is included and commented in the
manuscript. The results were conform to results on other Hologic systems tested carlier by other

teams. Sonja can now réproduce these measurements peribdical'l_y..

11 The opinion and suggestion

High quality of QA and-QC in mammography is of utmost impottance for early detection
of breast cancer. At the start of this thesis, QC of mammography systems was not developed.in
Montenegro. With the measurements conducted in this thesis, the level of QC has significantly
increased. A start was made with the implementation of EU and IAEA guidelines for QC in

mammography and Sonja got the first results.

The main scientific contributions of this.thesis-are the assessment of uncertainties on half’
‘value layer determination in mammography; the validation of automated filter measurements
with the new MagicMax instfumeritation and validation of Robson’s parameterization to retrieve
all HVLs from & single measurement at 28kVp. Next, a quality restoration procedure based on
Wiener filters was proposed. Next, QC protocols have been applied on the current. film-screen
systems, on the CR system and on the combined DR - tomosynthesis system. The first
Montenegrin DRL. for mammography was’ proposed. Based on all experience collected with QC
of film-screen systems, CR and DR with tomosynthesis, Sonja is now well prepared for a global
roll out of QC in breast cancer screening using the latest European and TAEA guidelines. This is
a major achievement, and we express the hope that this expertise is being used in the country

today.



The Commission proposes to the Council of the Faculty of Natural Sciences and
Mathematics and the Senate of the University of Montenegro to accept a positive evaluation of
the offered text and to approve the public defense of the dissertation of the candidate

MSc Sonja Ivanovié¢

under the title

“Improving QA/QC in Mammography Screening and Breast Diagnosis in Montenegro”

Podgorica, December 25, 2017.
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Postovani profesore Miranovicu,

Vracamo doktorsku disertaciju ,,Unapredenje osiguranja i kontrole kvaliteta
dijagnostike i skrining mamografije u Crnoj Gori“, sa lzvjestajem Komisije za
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apaval, craea 1w 2, damce | - 4.(uprnosit) 1 unena 38, [pasunnmic o HOCTYIRY 1 HEUHAY
HICAHOBRILA W KBAMTHITATHDHOM -ub‘r_;:l’-s:}mat-by_ ERYIMHOBCTDARHBAYKIIX  peayirtara HCTpayEHRaT
("CiryscSewsr rascuux Perrybnuke Cpbuje”, Gpoj 38/08) 11 saxTena xojn je moyneo :

Hueilinitiyiu 3a wyrieape nayre "Bunwa" y Beoipuady

KOMHCU]a 30 CTHHAME HAYUHHY IBaILE Ha ceanr eapranoj 16.07.2014, POZHHE, NOHEN J&

. OAJIYKY
O CTAUARY HAVYHOT 3BAMLA

Ap Onueepa Lupaj Bjenay
CTHYE HAYIHO 3BHIHE
Hayvany caaeifins

y oGnacin HPHPORHO-MATEMATHIRIX HayKa - dsnka

Q5 P A 30 O NE W E
Flncifivifiyifl sa nyxaeapne nayse “Burwa 'y Beoipady

YIBPAKO je mpeanor 6poj 446/5 on 20.03.2014, roaunc na CEITRIM HAYYROT seha Muetaryrs o
Oodueo xaxTes KOMHEH[W 3a CTHAAMS HAYYHAX Imarma Gpoj 446/18 01 28.03.2014. rojpuie sa
JOHCHIZELE QANYKe O HCTIYIBEHOCTH. YCHORN 30 CrHIAYLE HayaHOoT ssarsa Heywni canefiize.

Kouuesin 34 cTutaine . nayanmx. WAL J& 0 APEIRGAHG HPUSAEIREHOM OB TRBHON
MHLLBCILY MaTtnanor uayswor oxfopa sa hHSHKY Ha ceEmns oapkano] 16.07.2014. romme
PRIMATPAIY BAXTER H YTBDANIR & AMEHOBANe Hetrymasa . yesone w3 wrana 70. ctas 7. Saxoua o
HRyTHORCTPAREBANKG] genarnoety (“ChyiBenn rnacauk PenyGnuxe Cpbrje", Bpoj 110/05 u
20/06 - wenpanra w 18710, wisdua 2, crasa 1. 1 2. raqxe | -4, (Rpriosy) | aidua 38 Tipasynnexa
0 HOCTYRKY B UaWHHY BPCAHORAKLA M KBATUTATHBHOM HCKATHBATLY UEYIHONCTIRDKIBATKIIX
hesysirara ucrparunsava ("Caysddens rugoaux Penybnwie Cpbuje”, 6poj 38/08) sa cruusbme
IO seara Hlayenu caseiiinur, ta je QAYHIIIA KaD ¥ HIpeny ong ogmyi_c{:,

Jpromeom oBe 0UTYRE HMOROBARA CTHYC CBE T paBa KOja joj 58 0CHOURY Ihe 1O 38101y
NPRIFRIHFY, ' ' '

Qaayky N0CTUEETH TORHOCHOLY 3axTend, AMEHOBANO] M apXuel Menucraporsy
NIPOCBETE, NAYRE i TSXHOIOLIKOT PAsBoja ¥ Beorpaay.

NPEJACEAHHK KOMUCHIE e MHBECTAP
Ap Cranncisna Crommh-Cpyirdh, Hp f:l}sin épﬁ ;

HAYURE eARgririe




VHUABRPSHTET ¥ BEOTPAILY

Ajizucca: 'Cryncm_tkn pr 1, 11000 Beorpaz, Penybmia Cpouja
Tan. 011 3207400; dare:. 011 2638818; E-matl: olficebu@rectbg.ac.rs

BERE HAVYHIX OBJIACTH Beorpag, 17:09.2012,
TEXHUYKHX HAVKA 02 Bpoj: 06-20264/54-12
TK

Ha ocaoBy Wik 63, CT, 2, 3aKUHA 0. BHCOKOM ofpasosatby {"CayxGenyt FacHuK
PE», poj 76/05, 97/08, 100/07-ay TERTHUHO TYM4UEHLE K 44/10), wy. 47. o1. 5. 129, 1,
Craryta ‘Vumsepsutera y Beorpapy (“Iimackwic YiusepsuTera y Beorpaay”, Gpo_|
162/11-npeuniticnn Texer), . 13.¢r. L, ipasaannka o sehiiva HaydBux o6Hacty B4
Vuunépswrety v Beorpagy (“Tnacruk Yumsepsurera y- heorpaay”, 6poj 134107,
150/09, 158/11 n 164/11 ), wir. 21: or. |, Tau. . [Ipasiinka o BaUHiy H nocryoky
CTHIAMGA 3BAHA K-3aCHUBABA PAJEHCT CAHOCE NAcTaBHHKA YHHBCPIHTCTE y Beorpany
(“Tiacuur Yensepsurera y Beorpaty”, 6poj 142/08, 150/09 w 160/1'1) n Kpurepujyma
38 CTHUAILE JBalbA HATIABHHKR Ha YHRBepsuteTy Y Beorpany ('Tnacaux Yunnepsnreta
v Beorpaay”, 6poj 140/08, 144/08, 160711, [61/11 n £65/11), a Ha npeanor HsGopnor
refia Brewrporexantxor dakynrera, 6poji 969/4-oy1 03.07.2012. ropane, Belie mayumux
G6nAcTA TEXHAUKHY Hayka, Ha CeIHnT ofpiano] 17.09.2012. roguxe, xowenc je

OQNYRY

BUPA CE ap Onubepn _I,];Hpaj.-ﬁjenm_i 'y dBate BAHPSAHOT Npodecopn Ha
Yuupepaurery ¥ Deorpapy ~ Enexrporexusuwsn . dawynreT 3a iy Hayuny ofmact
Hyrnenpia TexnuKa.

O6pasnomelhe

Enextpotexnnuwy dakynrer je gada 25.042012. royjmne y auery "Tlocnosy"
06jaDHO KOHKYDC 38. M3GOp y 3BamEe BAHPEAHOr npodecupa 3a yxy waywiy ofmact
Hyxncapyio rexuuxn, 8601 HoTeKs H30OPHOT NIEPHOAA.

Hsucurra_] Komﬂcmc 38 OpHAPeMY H3BeilTaja O MPUjaBLEHUM: KAHIHAATUMA
CTavibEH je Haynua jasrooty fana 14,06,2012, ropsne rpero Subanorexe gaxynrera.

Ha ocenosy upeisora Komuonje 3a npdipeMy HIBCUITA}A O PHjADILEHHM
kanguaataMa, MaGopro rehie Bnekrpoiexnidxor (akynTera, Ha COXHUIE ORMKANHO}
zoua 03,07.2012, roprue, AONENO je OANYKY 0 ymphnua}by NPEANOTA 112 C6 KAHIRIAT
ap Onuscpa [upaj-Bjenar maﬁapey'mame Banpearor npodecopi.

EnextpoTexnuikn  (oKkynrer Je mawa 11072012, romane povravuo
YHIBEPIHTETY KOMTIIETAH 3aXTE8 32 W300p y 3BAILE 1A NPOIKRCATHM ofpacuEMa,

- YHUBEPSATCT j6 KOMANETHY JOKYMEHTALH]Y KOJY j& NOCTABHO daKyaier cTaBHO
Ha web gTpasHily YHUBOP3HTeTa falia 1_0.09..20'1’2.-?0‘,:1#;1-16.



helium-hydrogen mixture discharges. Acta. Physica Slovakia.
42 (1992), NoZ. p.120.

[10.] A. M. Devyatov, A. A, Kusznlkov M. A. Malikov and S.
R. Mijovic Fast estlmatlon of ionization rate in plasma.
XIth ESCAMPIG St. Petersburyg, Russia, August, 1897,

[11.] A. M. DevyatoVv, L. M. Volkova, A. V. Kalinin, L. S.
Chang, 8. R. Mijovic and M. K. Tarakdzi Langmuir probe
diagnostics of negative ions in blasma. Acta Physica
Slovakia Vol. 44. (1994) No6. p. 493,

[12] 8. R. Mijovie, A. M. Devyatov, A. V. Kalinin
Relaxation of energy distribution in Hp-pulse discharges;
ESCAMPIG 94, Twelwth European Sectional Conference on
Atomic and Molecular Physics of Ionized Gases,
Nodwijkerhout, _

The Netherlands. Vol. 18E (1994) D. 460~461.

[13.] M. J. vuceljic £. R, Mijovic P.K. Cibin
Regularizacioni .metodi za dobijanie reéalnog profila
spektralnik linija, 1IX TRongres fizidara Jugoslavije,
Petrovacvac, Jugoslavija 1995, '

[14] P. K. Cibin, M. J. Brnovic and §. R. Mijovie Brza
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Transfer; Vol, 56, No. 4d, pp. 617-621, (1996} .

[16,] M. Vuceljic, and 8. Mijovic Spectroscopic measurement of
electron temperature in H,- plasma, Preoc. XvVIIT Summer
Schoel and International Symposium of the Physics of
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Befie nayunmnx ofnacTy TeXHMUKHX HAyKa, HA CCAMMUW ofppXanoj paxa 17.
gentemfipa 2012, roanuc pasmatpano. je saxtes EnewrporexHuuor paxynrera

YTOPAHIO I8 KallZF/iaT HOMYiLapa yoloBe nponucane wi, 64, ¥ 65, 3axoua o BUGOKOM
oGpazosary, wi. 124, Cratyra YRusepsuTers y Beorpafly, Kao © yeiose NpONEcans
Kpurepujymnha 38 CTHLRHbE 3naMma NACTABHWKA Ha YEMBCpIHTETY ¥ Beorpay, na jo
JOHETA OJUTYKA KAO Y U3PCLH,

Hocraputh:
« Qakyarery (2)
« apxuan Yuusepswiera




dp Onneepa Hupaj-bjenam, saupeauu npodecop
Karespa 3a MAKPOEACKTPOHNKY 1 TeXHAUKY (h3HKy ENeKTpOTeXHHUKOT (HaKyITeTa y Beorpany

A. BUOTPADCKH N AKAJEMCKH IIOAAI O KAHIVIATY

Onwsepa Liupaj-bjenay je pohena 3.6.1972. y Unluju, rae je saspunina ocHopity HIKORY M THMHA3uUfy, YnMe
je cTexkna 3BaAbE MATEMATHUKO-MPOTPAMEDCKOr CapaaHIKd, lpupoano-Matematuuke dakynrer y Horom
Cajty ynecana je iaxoncke 1991/92. roguue a pinnomupana 1995, roanHe ca NpoceyHOM oueHoM %47 u
CTekaa  3mamwe:  Adniaomupany  uswuap. [locnesnuunomcke cryaumje M3 MemuumHcke (usNke Ha
Yiusepaurery y Hosom Capy ynucana je wixoncke 1996/97 rognne, Marucrapexs pan TIOf HAckOBOM:
“[Tpoiena CTeneHA H3MOMEHOCTH MEAULHHCKOT THMA Y KOHTPACTHHM TeXHHKAMA PeRArMeHEWjarHceriie”
onbpanvna je 2000. ropuHe u THME CTeKAZ AKANEMCKO 3BAILE MarucTpa Memuiuncke (rsnke,
WHTCPAHCLMIANHAPHE 00NACTH QUINMINX W -MEAMUMACKX Hayka. JokTopcky Riceprallujy MOA HAZHBOM;
“Tlpouera. M3TOKEHOCTH ¥ MOTYRHOCTH 38 CMakbels¢ MALMJeHTHUX K032 Y JHJArHOCTHYKO] pangronoriju’”
oabpanmna je 2005, ronuue a Vunrepawrery Hosom Caay.

On 1996, 10 1999, Guna je sanocnena y MHetutyTy 3a MEANUKHY paja n pannonowky awiiry Knunstukor
uextpa Cpuje, y Onemery 3& KOHTPOTY HIBOPA 3patesa u-RRYRY Rosumetpuiy. On 1999, sanocnena je'y
JIaGopaTopujH 32 3aITHTY O/ 3pAuCHsE W 3AITHTY: IWHBOTHE CpeliHe, MHETHTYTA 32 Hykieaphe Hayke
“Bunva”, npeo y 3sawy ucrpausas-capannui (1999-2006), a kackuje ¥ sbatby ‘nauam. capamuik (2006
2010), Oa 2010, mo 2014, ronuse Onusepa Llnpaj Bjenan paamra k40 BHINM HaywHE capambHK y
JlaGopatdpHin 3a 33WTHTY of 3paueiba 3AWTUTY MUBOTHE: CpEAUHE MncTHTyTa 3a HykieapHe Hayke
Bunua, a 2014, ronuie je ¢rexsa 3pamse xXayHdor capeTHuka. 0f 2007, rofue y 3pamy goleHta a of 2012,
FOAMHE Y. 3BAMY BAHPEAHOT tipodecopa-Ha KaTeapy 38 MUKPOEEKTPOHHKY H TEXHUMKY (BH3HKY YUECTRY|E Y-
HACTABH Ha OCHOBHMM M TIOCNEAMNIOMCkNM CTyAHjaMa Ba Enexrporexinakom dakynrery Vuusepsurera y
Georpaity.

AKTHBAH je YHECHMK HCKOMMKO MelyHapORHHX H HAUMOHANAHX HAYYHMX- npojekara n3  ofnacty
pannjanHole Gu3Ke W 3aITHTE Of 3patiewa. Buna je upan papse rpyie 78 Mebyxapoane Komncnje 3a
3aLuT|1Ty 01 3pauewa (ICRP) 23 uspaay myBnnkaunje ICRP 117 ,Radiological Protection in Fluoroscopically
Guided Procedures otitside the Imaging Department® u yuecTnosana je 1 y V3PAIH ¥ PELEHMIH. IOKYMEHTA:
MebyHapoane Arexunje 3a ATomcky Eneprujy (IAEA) Ha TEMy 3aUITHTE OA 3PAuCHa Y MERULMHM H
Pa3BOjy TPEHWWF Naketa w3 ucté obndery, Ynan je Komucuje sa emexrpuusie ypebaje vy Menunmnu
HucrHryTa 32 cranzapavzanujy Cpbuje, pywrsa 3a MEAMLHHCKY duanky Cpbuje. u Opyinrea 34 3alITUTY
oz spauersa CpSuje 1 Lipne lope, unju je mpencesux Guna y tpy Manaata, o 2007. 1o 2013, roguue, '

Bapu ce npobnemuma MeAHUMECKe PajnjaluoHe. M3MKE 1 3AWTHTE OA 3Padersa Y. MEIHIHHK. Ayropije 199
HAYMHHX 31 CTPYHHUX DAnoBa, 0GjaBbEHUX y HacomucumMa i CaomIuTeHux Ha cxyroBumMa Meliyiaponnor u
HauHOHANHOT 3Hauaja, OGjaruna j€.53 panoa y MelynapofHinM 4acoNMCHMA A heHN PAKOBH Cy o cana; He

pavynajyfi ayrountare, untipann 356 nyra, ¥ suiue: HaBpaTa yCARpUWABANE C¢- Y. HHOCTDAHCTEY.



JAp Cuisepa npaj Bjeaaw, sagpeany npodiecop

Karenpa 3a MukpoenekTpoHHKY ‘U TeXRHuky (usuky Enexrporexunuxor Qaxyntera y Beorpaty

A. BUBJJUOTPAOHUIA HAYUHUX U CTPYYRNX PAIOBA

Onugepa Llppaj Bjenau je aytop 199 nayunux pamosa ofjaBLCHHX Y eMHHEHTHAM MelyHapojHum
yaconucuma  ca,impact factorom’-om (yxynHo 53 y nocmeammx neT Tofuma 27), eMHHEHTHHM
meljyHaponuunM uaconucima (YkylHo 1, paHuje, npe BHIIE O] NET FOAKHA), AoMahumM wacomucHma (YKynHo
10, pativje, npe BULLe O NeT roAMHA), 360pm|uuma panoBa ca MeljyHapoaHnx kondepeniuja (ykynao 56, ¥
nocaearMx et roauHa 19} n sGopruuuma ca gomahiux kondeperuuja (ykynwo 76, ¥ TOCHEMbHX neT’
roanHa 14).

A1, Bubaworpadginja nayMuixX i CTPYNHEX DAGBA Y TOCACILIX HET FOAITHA

A.l. 1, Panoen oGjapmensi y nyBarkaiijama gareropyuje M10
M1 3. Monografska studija/poglavije:u knjizi ili rad u tematskom zborniku vodedeg medunarodnog zrialaja

1. Madan .M. Rehani and Olivera Ciraj-Bjelac. CT dose perspectives and initiatives-of the TAEA, in
Radiation Dose from Adult and Pacdiatric Multidetector Computed Tomography, 2nd ed, Editors D.
Tack, M. Kalra, P.A, Gevenois, Springer, 2012, pages 495-509,
hitp://bocks. google.rs/books?id=S2fwu xkV8C&pe=PA495&pg=PA4958& da=CT+dose+perspectivest
and+initiativestofHhetTAEA. +1n+Rad1at10n+Dose+from+Adull+and+Paed1atnc+Mu111detector+C0mp
uted+Tomography&source=bl&ots=nUFIXM32Tn&sig=1AthW]IepvNub069{PBbvx-
._ZVLAL&hI—en&SZI—X&GI cMWchWdM8XnngggYGODw&ved~0CDSOGAEWAO#V—ouenage&q—
CT %20dosc%20;)e1 spectives%20and%20initiatives% 200 %20the% 20l AEA%2C%20in%20Radiation¥
20D0se%20from%20Adult%20and%20Paediatric%20Multidetectord oZOCompured%ZOTomography&f—
false

2. Ciraj Bjelac O, Petrovic B, Todorovie N, Lucic 8, Nikolov-J, Veskowa Application of gamma
~ radiation in-medicine, in Gamma Rays; Technology, Apphcanons and Health Imphcqtlons ed. Istvan
Bikit, Nova Pubhshers 2012, chapter 13, 321-344,
https://www.novapublishers.coin/catalog/product mfo.nhu?products 1d=36941

A.l. 2. Panonn ofiapmenyt v Mehvrapoauum yacomcuma ca SCI JHCTE, kaTeropnia M20

M2la. Mehyﬂap'omm YACOINIC-HIYICTHIX BPERLIOCTH

1. Carinou E, Ferrari P, Bjelac OC, Gingaume M, Merce MS, O'Connor U, Eye lens monitoring. for
1ntcrvennonal 1ad10]ogy personnel: dosemeters, calibration and practical aspects of Hp (3) monitoring. A
2015 review..J Radiol Prot. 2015 Sep,35(3) R17-34, ISSN:0952- 4746, IF=1.702, doi: 10,1088/0952-
4746/35/3/R17.

M21. Panosn objassmenn y spxyncicam meljyHRapoanum saconucHma

I. “Olivera Ciraj Bjclac Eleftheria Carinou, Paoto Ferrari, Merce Gingaume, Marta Sans Merce, Urna
O’Connor ., Occupational Expasure of the Eye Lens in Interventional Procedures; How to Assess and
Manage: Radlatlon Dose, Journal of Americal Colleauge of Radiology, 2616, 13(11), pp. 1347-1353,
ISSN: 1546-1440,:1F=2.929, DOI: 10.1016/j.ja cri2016,06.015

2. StankovicJ, Marinkovic P, Ciraj-Bjelac O, Kaljevic I, As ancljlc D, Lazarevic D. Toward utilization of
MCNPS particle track output. file foi simulation problems in pholon spectronietry Coimputer Physics
‘Communication 195, 77-83 (2015}, IF=3.635, ISSN: 00104655, doi: 10.1016/j.cpe. 2015.05.003

3. I Farah, A. Trianni, O. Citaj-Bjelac, 1. Clairand, C, De Angelis, S. Delle Canne, L. Hadid, C. Huet, H;
'Tarvmen, A Negrl, L. Novik, M: Pinto, T. Snskonen M, I. Waryn, and 7. KneZevié, Chamctenzat]on

i



of XR-RV3 GafChromic® films in standard laboratory and in clinical cenditions and means to evaluate
uncertainties and reduce errors, Medical Physics 42, 4211-4226 (2015); ISSN: 0094-2405, doi:
10.1118/1.4922132, IF=3.012

Pejovic S, Bosnjakovic P, Ciraj-Bjelac. O, Pejovic MM, Characteristics of a pMOSFET suitable for use
in radiotherapy. Applied Radiation and Isotopes, 2013, 77,  44-49, ISSN: (969-8043,
http://doi.org/10.1016/].apradiso.2013.02.012; 1E=1.231

Rehani-MM, Ciraj-Bjelac O, Al-Naeini HM, Al-Suwaidi J8, El-Nachef 'L, Khosravi HR, Kharita MH,
Muthuvelu P, Pallewatte AS, Juan BC, Shaaban M, Zaman A. Radiation protection of patients in
diagnestic and. interventional radiology in Asian Countries; Tmpact of an IAEA project. European
Journal of Radiclogy, 2012, 81, pp. €982-¢989, ISSN: 0720-048X, doi: 10,1016/.ej1ad.2012.06.019,
[F=2.941

M22. Paposn odjaBmeny y HCTAKHEYTHM McljyHapoaHM Yaconucma

l.-

10.

Hourdakis CJ, Bliermann L, Ciraj-Bjelac O, Csete I, Delis H, Gomola I, Persson L, Novak L, Petkov I,
Toroi P. Comparison of pencilétyfpe- ionization chamber calibration results and. methods between
dosimetry  laboratories. ~ Phys Med: 2016  Jam;32(1):42-51, ISSN:  1120-1797, doi:
10.1016/].eimp.2015,09.008, IF=2,403 _ _

1. Dabin, A. Negri, J, Farah, O. Ciraj-Bjelac, 1. Clairand, C. De Angelis, J. Domienik, H. Jarvinen, R,

Kopee, M. Majer, F, Malchair, L. Novék, T. Siiskonen, F. Vanhavere, A. Trianni, 7 KneZevié,
‘Characterisation of grids of poeint detectors in maximum skin dose measurement in fluoroscopically-

guided interventional procedures. Phiys Med. 2015 Dec;31(8):1112:7,, ISSN: 1120-1797, doi:
10.1016/}.ejmp.2015.08.006., TF=2.403 |

Cirgj-Bjelac O, Aatic V, Selakovic T, Bozovic P, Arandjic D, Paviovic S. Eyé lens exposure to. medical

staff performing electrophysiology procedures; dose assessment and correlation to patient dose, Radiaf

Prot Dosimelry. 2016 Diec;172(4):475-482, doi: 10.1093/epd/ncv552, ISSN: 0144-8420, IF=0.913

Kaljevic: I, Stankovic K, Stankovic J, Ciraj-Bjelac O, Arandjic D. ‘Hand dose evaluation of
otcupationally exposed staff in nuclear medicine. Radiat Prot Dosimelry. 016: Sep;170(1-4):292-6. doi:
'10.1093/rpd/nev500, ISSN; 0144-8420, 1F=0.913 '

Kaljevie, J., Ciraj-Bjelag, O, Stankavic, J., -Arandjic, D,, Bozovic, P., Antic, V. Occupational dose
assessment in intervertional cardiology iin Serbia. Radiat Prot Dosimetry 2016 Sep;170(1-4):279-83 do:

10.1093/rpd/ncv439, ISSN: 0144-8420,1F=0.913

Farah JAD, Trianni Annalisa, Carinou E, Ciraj-Bjelac Olivera, Clairand Isabella, Dabin Jeremiie, De
Angelis Cincia, Domienik Joana, Jarvinen Hanu, Kopec Renata, Majer Maria Malchair Francoas, Negri
Ana, Novdk Leos, Siiskonen Timu, Vanhavere Filip, Kne#evi? Zeljka. Measurement of maximum skin
dose in interventional radiolegy and cardiology and challenges in the set-iip of European alert threshiolds.
Radiat Prot Dosimetry. (2015) 164 (1-2): 138-142., doi: 10.1093/rpd/meu3 14, [SSN: 0144-8420,
IF=0.913

Ciraj-Bjelac. Olivera, Gavrilovic Marijana, Arandjic Danijela, Vujovic Milan, Bo¥ovic Predrag.
Radiation. exposure during X-ray examinations in a large paediatric ‘hospital in ‘Serbia. Radiation
Protection Dosimetry; 2015, 165(1-4):220-5. doi: 10:1093/rpd/ncv084., ISSN: 0144-8420, IF=0.913

Pejovic SM, Pejovic MM, Stojanov D, Ciraj—Bj"clap Q. Sensi_ti.vity_.and fading of pros dosemeters
irradiated with x-ray radiation doses from 1 to 100 ¢Gy, Radiat Prot Dosimetry. 2016, 168(1):33-9, doi:

10.1093/rpd/ncv006, ISSN: 0144-8420, IF=0.913

Arandi¢ Danijela, Ciraj-Bjelac Olivera, Hadnadev Darka, Stojanovi¢ Sanja, Bpibv_i‘é Predrag, Ceklié
Sandra, Lazarevi¢ Porde. Radiation dosés in adult Computed Tomography in Serbia: initial results.

Radiation Protection Dosimetry, 2014, Vol. 162, No, 1-2, pp. 135138, doi: 10,1093 /rpd/ncu245, ISSN:

0144-8420, IF=0.913
Cekli¢ Sandra, Arandi¢ Danijela, Zivanovié Milog, Ciraj-Bjelac Olivera, Lazarévi¢ Dorde. Performance

of radiation survey meters in %- and gaimma- radiation fields. Radiation Protection Dosimetry, 2014, Vol.
162, No: 1-2, pp. 139-143, doi: 10.1093/rpd/ncu246. ISSN:0144-8420, IF=0.913



12,
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. Anti¢ Vojislav; Ciraj-Bjelac Qlivera, Stankovi¢ Jelena, Arandi¢ Danijela, Todorovi¢ Natafa, Lugié

Silvija, Radiation exposure to nuclear medicine siaff involved. in: PET/CT _;__J'r-_acti'ce in Serbia. Radiation
Protection Desimetry, 2014, Vol. 162, No. 4, pp. $77-585, doi: 10,1093/rpd/ncu001, ISSN: 0144-8420,
[F=0.913

Mili¢ M. Pejovié, Svetlana M. Pejovié; Dragan Stojanov, and Olivera_Fi Ciraj-Bjelac. Sensitivily of
radfet for gamina and x-ray doses used in medicine, Nuclear Technology and Radiation Protection
(2014), 29(3): 179-185, DOI 10.2298/NTRP1403179P, ISSN 1451-3994, [F=1,060

Ciraj-Bjelac O, Rehani M. Eye dosimetry in interventional radiology and cardiology: currentc hallenges-
and practical considérations, Radiat Prot Dosim, (2014) 162 (3): 329-337, doiz 10.1093/rpd/nct291,
IS5N: 0144-8420, 1F=0.913

. Antic V, Ciraj-Bjelac O, Rehani M, Aleksandric S, Arandjic D, Ostojic M, Eye lens dosimetry in

interventional cardi'biogy:reSu]_ts of staff dose measurements and linkto p’zit-ie’nt dose fevels. Radiat Prot
Dosim. 2013:154(3)2, 76-84, doi: 10.1093/rpd/ncs236, ISSN: 0144-8420, IF=0.913

. Stantic-T, Ciraj-Bjelac O, Stojanovic 8, Basta-Nikolic M, Arandjic D, Stoiljkovie I. Screen-film versus

full field digital mammography: Radiation dose and image quality i a large teaching hospital, Nuclear
Technology and Radiation. Protection, 2013,.28(4), pp. 398-405, DOI: 10:2298/NTRP} 3043988, ISSN
1451-3994, [F=1,000 '

Jablanevic D, Cirgj Bjelac O, Damjanov N, Seric'8, Radak-Perovic M, Arandjic D, Maksimiovic R,

Screen-film versus digital radiography of sacroiliac joints: Evaluation of image quality and dose to
‘patients. Radiat Prot Dosim, 2013,155(1), 8895, doi: 10.109__3,{rpdjn'cg'315, ISSN: 01"44__-\3:42‘0,_ IF=0.913

- Arandjic D, Bonutti F, Biasizzo E, Ciraj-Bjelgc O, Floreani M, Giustizieri M, laiza F, Inkoom §,

‘Tormasini G; Padovani R, Radiation doses. in cerebral perfusion computed .tomography: patient and
phantom study, Radiat Prot Dosim. 2013, 154(4), 459-464, doi: 10.1093/rpd/ncs260, ISSN: 0144-8420,
TF=0:913

. Pejovic M, Ciraj-Bjelac O, Kovacévic M, Rajovic Z, Ilic G, Sensitivity of P-Channel MOSFET 10 X-

and Gamma-Ray Iradiation. International Journal of Photoenergy. 2013, Article ID 158403, 6 pages,
hetp://dx.doi.org/16.1155/20 13/158403., ISSN: 11 10-662){, [F=1.563 .

Hadnadjev, D.R., Arandji¢, D.D., Stojanovi¢, 8.8:, Ciraj-Bjelac, O.F., BoZovi¢, P.M., Stankovié, J.S.
Patient doses in computed tomography: An' assessment of local diagnostic reference levels.in a large
teaching. hospital. Nuclear Techinology and Radiation Protection, 2012, 27 (3),305-310, DOI:
1 0.2_298?NTR_P-1203305H, ISSN 1451-3994, IF=1.000

M23. Pagosn o6jasmeny 'y meBynaponnun yacomicnma

1.

Ciraj-Bjelac O, Rehani M, Minamoto A, Sim KH, Liew HB, Vano E.Radiation-induced eye lens changes
and risk for cataract in interventional cardiology. Cardiology: 2012, 31;123(3):168-171, doi:
10.1159/000342458, ISSN: 0008-6312, TP=1.519

Zivanovic Milos, Lazarevic Djordje; Ciraj-Bjelac Olivera, Stankovic Srboljub, Ceklic Sandra,
Karadzic Katarina. Intercomparisons as An Imporiant Element of Quality Assurance in Metrology of
lonising Radiation. NUCLEAR TECHNOLOGY & RADIATION PROTECTION, (2015), vol. 30 br. 3,
str. 225-231, DOL: 10.2298/NTRP15032257, ISSN 1451-3994 [F=0,560

A.1. 3. Panosu_caonmrenn na melynaporism nayamns crynoBnMa, gaTeropuja M30

M31. Ipeaasama no nosuey ca-mehynaponunx CKYTI0B2 WTAMIIZNN Y UeJHHI

l.

Ciraj Bjelac O, Eye dose assessment and management in diagnostic and intetveritional radiology, invitet.
talk, International Conference on Radiation Protection in Medicine, Varna, Bulgaria, 30'may - 2 jun
2014, Medical Physics Intemational Journal, -votume 2, No.1, 2014, ISSN 2306 -.4609, pp 259 invited
talk.



Ciraj Bjelac O, Kovacevic' M, Arandi¢ D. Dosimetry for medical application of ionizing radiation:
calibration requirements and clinical application, Proceedings ofthe First conference on radiation
dosimetry. in various fields of research, Nis, 25-27 April, 2012, pp 3-7, invited talk

Ciraj-Bjelac O, Todotovié D, Panteli¢ G, Kdvadevié M, Population exposure to ionising radiation: dose
magnitude and basic radiation protection principles, Proceedings of thie II International Conference
.Ecology of urban areas* Eekad, Serbia, 15.10, 2012, pp 539-548, invited talk

M33, Caonwreisa ca MEyHApOAIIX CKYNOBS IBTAMNALA Y HETHIH

3

Olivera Ciraj-Bjelac, Dariijela Arandjic, Predrag Bozovic, Jelena Stankovic, VojislavAntic, Sandra
Ceklic, Djordje Lazarevic, TOWARDS EYE LENS DOSE ASSESSMENTIN ELECT: ROPHYSIOLOGY
PROCEDURES, PROCEEDINGS of 7th AAMP MEETING, Zagreb, Croatia, May 19-21, 20186,
https://bib.irb.hr/datoteka/817593, Proceedings_7th_ AAMPM.pdf

Ciraj-Bjelac O, Antic'V, Arandjic D, Bozovic P. Influence of ceiling suspended screen positioning to

the scatter radiation levels in interventional cardiclogy. Proceedings of 9th Symposium of the Croatian
Radiation Protection Association with international participation, Kik, Croatia, April 10-12, 2013,
pp.283-289

Cvetkovic B, Ciraj Bjelac 0O, Kovacevic M, Lazarevic B, Induced radiodctivity due to photonuclear
reactions of radioisotopes in a liigh energy linéar accelerator used for radiation therapy, Proceedings of
the First conference on radiation dosimetty in various fields of research; Nis, 25-27 April, 2012, pp, 211-
21

Cekerevac D, Cirgj Bjelac O, et al. Calibration -of dosimeters used in diagnostic radiology in terms of
kerma area product, Proceedings of the First conference. on radiation dosimetry in various fields of
research, Nis, 25-27 April, 2012, pp.175-179, '

Arandjie D, Ciraj-Bjelac O, Hadnadjev D, Stojanovic §, Bozovic P, Stankovic I. Radiation doses in CT
head ‘examination in Serbia: comparison among. different units. Proceedings of European medical
physics and engineering conference, Sofia, Bulgaria, 18-20 Octgber 2042, pp.219-224,

Ciraj-Bjelac O, Bozovic P, Lazarevic Dj, Arandjic D, Kosutic D. Quality-control for th'e"lnalnmog'rapﬁy
screening program in Serbia physical ‘and. technical aspects. Proceedings of Buropean medical physics
and engineering conference, Sofia, Bulgaria, 18-20 Octdber 2012, pp.231-236. S

Antic V, Ciraj-Bjelac Q, Aleksandric 8, Ostojic M. Résults of eye lens dose measurements for
mterventional cardiology staff. Proceedings of Eurdpean metdical physi¢s and engineering conférence,

Sofia, Bulgaria, 18-20 October 2012, pp. 231-236.

M34, Caonuitema ca MEHYHAPOAHKX CKynona HITAMIAHA, Y HIBOAY

t

Rafgjlovic 8, Bozovic-P; Arandjic D, Ceklic S, Lazarevic Dj, Ciraj-Bjelac O Maminography. in Serbia;
Image quality and radiation dose. Book of abstract, Fourth International Conference on Radiation and
Applications in Various Fileds of Research, May 23-27, 2016, Nis, University of Nis, ISBN 978-86-

6125-160-3, page 236

Petres A, Stojanovic 8, Bozovic P, Arandjic D, Til V, Ciraj-Bjelac O, Radiation:exposure to. patiénts and
intervenational radiology staff during peripheral vascula.angiography and intervenations. Back of
abstract, Fourth International Conference on Radiation and Applications in Variods Fileds of Research,

May 23-27, 2016, Nis, University of Nis, [SBN 978-86-6125-160-3, page 240

Olivera Ciraj-Bjelac, Borde Lazarevi¢, Dragana Todorovi¢, Pantié Gordana, Danijela Arandié, Predrag
Bo¥ovié, Sandra Cekli¢, Milo§ Zivanovié, Jelena Stankovié Petrovié, Jelica Kaljevié, Role of radiation
measurements in-the radiation protection and emergency response and preparedness in the case of
radiological accidents, Book of Abstracts, Third International CBRNe Workshop, I'W CBRNe-2016,

Rome, Ttaly, 25th November, 2016, ISBN: 978-88-88748-89-4:

Ciraj-Bjelac Olivera, Arandjic Darijela, Bozovic Predrag, Stankovic Jelena, Ceklic Sandra. Radiation
dose and image quality in'dental cone beam computed tomography. 8th European Conference on



Medical Physics; Athens, Greece, 11-13 September 2014, Physica Medica Eurepean Journal of Medical
Physics, ISSN 1120-1797, pp 12

3. Domienik , E. Carinoub, O, Ciraj-Bjélac, I, Clairand, J, Dabin, C. De Angelis, J. Farah, C. Huet, H.
Jarvinen, R. Kopcc M. Majer, F. Malchair, A. Negr, L. Novak, T. Siiskonen, A. Trianni, F. Varhavere,
7. Knezevic. Establishing non center-specific suropean trigger levels in inferventional procedures using:

1lds' and gafchromiic filhs.8th Buropean Conference. on Medical Physics, Athens, Greece, 11-13

September 2014, Physica Medica European Journal of Medical Physics, ISSN 1120-1797, pp2-3

Arandjic Danijela, CnaJ -Bjelac Olivera, Gazikalovie Slobodan, BoZovic Predrag, Lazarevic Djordje.
Computed Tomography in pediatrics: be careful when optlmlzmg protocols! International Conférence on
Radiation Protection in Medicine, Varna, Bulgaria, 30 ‘may - 2 jun 2014, Medical Physics International

Journal, voluch No.1, 2014, ISSN. 2306 - 4609, , pp 351

Qlivera Ciraj- Bjelac, Danijela Arandjic,Predrag BoZovie, Quality control in interventional car dlology
and radiology. Book of Abstracts / The Second International Conference on Radiation and Dosimetry in
Vations Fields of Research; RAD 2014, May 27- 30 2014, Ni§, Serbia, pp:106- 107, ISBN- 978-86-6125:
106-9

Jelena Samae, Olivera Ciraj- Bjeﬂac Assessment of absorbed and effective dose for' patients after

parathyroid gland scmtlgraphy using "99mTe-MIBI. Book of Abstlacts ! The Second International
Coriference on Radiation and Dosimetry in Various Fields of Research, RAD 2014, May 27-30, 2014,

Nis; Serbia, pp: 344345, 1SBN-978-86-6125-100-9

M. Vugowc 0. Ciraj: -Bjelac, P. Bozovic, D. Arandjic, M, Gavrilovic, Uncertainty of dose assessment in
conventional radlography Book of Abstracts / The Second International Conference on Radiation and
Dosiinetry in Various Fields of Research, RAD 2014, May 27-30, 2014, Ni%, Serbia, pp: 345-346, ISBN
978-86-6125-100-9

A.l.-4. Papopy caonmimeny ua goMahum BavaHnM cKyYNoBHMa, kaTeropitia M0

M-61, [lpénapame MO OIUBY €A CKRYRA NAWHOHATIOr 3TAYA|A HITAMEANO0 Y HEAHH

1.

Ciraj-Bjelac Q. Zbornik radova ,,Sto godina od otkrica atmskog jezgrak, Institut za fiziku, Beograd,
2012, pp 95-121, predavanje pa pozivi

M 62, Ilpeaasdine 10 NO3ABY €8 CKYRA HAIMGIANTON SHAYAJR WTAMNIAHO Y H3BOAY

1

Ciraj-Bjelac Q. Zadtita od zradenja v medicini: izazovi u narednoj dekadi, Zbornik sazetaka Kongresa
radiologa Srbije, Ni§' 24-27 oktobar 2013, predavanje po pozivi

M 63. CaonuTene ca cKyna NANROHAMAHOT SHAYAJA TAMAAHO Y eTHIH

1,

Olivera CIRAJ-BJELAC, Danijela ARANDIC, Predrag BOZOVIC Sandra CEKLIC, BORDE
LAZAREVIC, PRENATALNA IZLAGANJA U DIJAGNOSTICKO! RADIOLOGH], Zbornik radova

28. Slmp_OA_lj_UlTla Drustva za zaftitu od zrafenja Stbije i Crne Gore,; Vr$ac, 30 Septembar - 2 Oktobar,
20135, pp. 293-300

Predrag BOZOVIC, Olivera CIRAJ-BJELAC, Danijela ARANDIC, Katarina KARADZIC, Jelena
STANKOVIC i Sandra CEKLIC. PROCENA DOZE ZA OCNO SOCIVO KARDIOLOGA U
INTERVENTIM PROCEDURAMA NA OSNOVU DOZE ZA CELO TELO, Zbornik radova 28,
Simpozijuma Drustva za za8titu od zratenja Stbije 1 Crne Gore, Vr¥ac, 30 Septembiar - 2 Oktobar, 2015.,
pp: 307-309

Danijela ARANDIC, Olivera CIRAI-BIELAC; PorCe LAZAREVIC, Dragana TODORGOVIC, Jelica
KALJEVIC, MOGUCNOS’I‘I ZA POBOLISANJE POSTOJECE ZAKONSKE REGULATIVE U
OBLASTI. ZASTITE OD ZRACENJA U REPUBLICI SRBIJI, Zbornik radova 28. Simpozijuma

Drustva za zastitu od zratenja Srbije i Crne Gore, 'Vr§'ac,_3_0-Septembar_- 2 Oktobar, 2015., pp: 41 4-417



Bozovi¢ P, Stankovi¢ J, Arandi¢ D, Ciraj-Bjelac O, Merenje i proradun kerme u vazduhu na
dijagnostitkim rendgen-aparatima, Zbornik radova 27, Simpozijuma Dru§tva za zaititu od zratenja,

Srbije i Crne Gore, Vinjatka Banja, 2-4 Oktobar, 201 3., pp 177-180
Ciraj-Bjelac. O, Arandi¢ D, Bozovic P, Kosuti¢'D. Procena doze od mediciniskih izlaganja u Republici
Srbiji. Zbornik radova 27, Simpozijuma Drustva za zadtitu od zratenja Srbije i Crne Gore, Vrnjatka
Banja, 2-4 Oktobar, 2013, pp: 181-184

Arandi¢: DD, Ciraj-Bjelac O, BoZovi¢ P, Lazarevi¢ B. Optimizacija protekola kod snimanja. glave u CT
dijagnostici. Zbornik radova.27, Simpozijuma Druliva za zaftitu od zradenja Srbije i Cme Gore,
Yrnjalka Banja, 2-4 Oktobar, 2013, pp: 185-188

Arandi¢. D, Cirgj-Bjelac O, BoZovié P, Antid V, Stankovié J, Uticaj stepena uvedanja slike na nive:
rasgjanog zralenja u cokolini pacijenta u interventnoj radiologiji. Zbornik radova 27, Simpozijuma
Drugtva za zaStitu od zratenja Srbije i Crne Gore, Vrnjatka Banja, 2-4 Oktobar, 2013., pp: 189-192

Anti¢ V. Ciraj-Bjelac O, Asandi¢ D, Stankovié J, Todbrovié N, Lutié¢ D. Doza od profesionainih
izlaganja v nuklearnoj medicini sa PET/CT praksom u Srbiji. Zbornik radova 27, ‘Simpozijuma Drugtva
za za3titv od zratenja Srbije i Cme Gore, Vmjatka Banja, 2-4 Oktobar, 201 3., pp: 226229

S_ta_nkoyi"é J, Kaljevi¢ J, Arandié D, Ciraj-Bjelac O, Optimizacija filtra termoluminescentnog dozimetra

simulacijom Monte Karlo: Zbornik radova 27. Simpozijuma Drustva za Za&titu od zratenja Srbije 1 Crne
Gore, Vrjatka Banja, 2-4 Oktobar, 2013, pp: 259-262

. Zivanovi¢ M, Lazarevié B, Ciraj-Bjelac O, Stankovi¢ S, Odredivanje merrie nesiguriosti etalonskih

polja u-metrologiji doze zradenja, Zbornik radova 27. Simpozijuma Drustva za zadtitu od zraenja Srbije
i Crne Gore, Vinjadka Banja, 2-4 Oktobar, 2013,, pp: 271-274

- Stani$i¢ S, Dobrijevi¢: D, KoSuti¢' D, Ciraj-Bjelac O, Procens doze prilikom dekomisije i instalacije

izvora zragenja “Co u uredaju za teleterapiju. Zbomik radova 37, Simpezijuma Drutva za zadtity od

zradenja Srbije § Crne-Gore, Vrnjaka Banja, 2-4. Oktobar, 2013,, pp: 285-289

. Cekli¢ S, Ciraj-Bjelac O, Nikolovski L. Ispitivanje ponaganja jonizacione komore i GM brojada u poljima

X1 gama zradenja. Zborhik radova 27. Simpozijuma Drudtva za za¥fity od Zracenja Srbije i Crne Gore,
VYimjatka Banja; 2-4 Oktobar, 2013., pp: 448-451 )



A.2. Butmiorpadja ayaunx n CTpY4 X pajosa npe u3ibopa 'y 3same BARPEAHOr nnpodiecopa

A2, 1. Paposu_kateropuie M10

MI11. Istaknuta monografija medunarodnog znadaja

1. MM, Rehani, O. Ciraj-Bjelac, E. Vafio, D.L. Miller, 8, Walsh, B.D. Giordano, J. Persliden. Radiological
Protection in Fluoroscopically Guided Procedures outside the Imaging Department, JCRP Publication
117, Ann. ICRP 40(6), 2010

‘A2, 1, Panonn objasmen v meliyuapommns yacomicnya ca SCI Jmere, Kateropsja M20

M21. Radevi objavljeni u vrhunskim medjunarodnim Sasopisima

I. -Ciraj-Bjelac, O., Beganovic, A,, Faj, D, Gershan, V., Ivanovic, 8., Videnovic, IR, Rehani, MM,
Radiation protection of patients in dlagnostlc radlology Status of pracfice in five Eastem-European
couniries, based on IAEA project (2011) European Journal of Radiology, 79 (2), pp. €70- €73, doi:
10.1016/.¢jrad,2011.03.075, ISSN: 0720-048 X, [F=2.941

2. Ciraj-Bjelac, 0., Avramova-Cholakova, S,, Beganovic, A., Economides, S., Faj, D, Gershan, V.,
Grupetta, E., Kharlta, M.H., Mllakov:c M Mily, C,, Muhogora WE Muthuvelu P, Qola, S,
Setayeshi, S., Schandorf, C., Ursulean L, Vldenowc LR, Zaman, A., Zﬂmkas J., Rehani, MM Imago
quality and dose n mammography In 1? countries in Afnca Asia and Eastern Europe Resulis from
TAEA projects (2012) European Journal ofRadlology,Sep 81(9):2161-8 doi: 10. 1016/].€jrad.2011.05.026,
ISSN: 0720-048X, IF=2,941

3. Ciraj-Bjelac, O. Fal, 0., Stimae, D, Kosuiie, D. Arand_]m D., Brkic, H. ‘Good reasons fo implement
quality assurance in mtlonw1de bleast cancer screening programs in Croatia and Serbia: Results from a
pilot'study (2011) European Journal of Radiology, 78 (1), pp. 122-128, doi: 10. 1016/j.ejrad.2009.10.004,
[SSN: 0720-048X, [F=2.941

4. Muhogora W, Ahmed N, Almosabihi A, Asluwaidi J, Beganovic A, Ciraj-Bjelac O, Kabuya F,
Krisanachinda A, Milakovic' M, Mukwaida G, RamanandralboM Rehani M, Rouzitalab J, Shandorf C.
Patient doses in radiographic exarhinations'in 12 countries in Asia, Africa and Eastern Europe - Initial
results from 1AEA projects; American Journal of Roentgenology (2008), 190: 1453-1461, dai;
10.2214/AJR:07.3039 ; ISSN: 0361-803X , [F=2.910

5. Krmar M, Baucal M,.Boz{1i¢ N, Jovarciievié. N, Ciraj-Bjelac:Q. Neutron dose equivalent measured at
the maze door with various openings for thejaws and MLC. Med Phys. 2012 Mar;39(3);1278-1281, doi:
10.1118/1.3682313. , ISSN: 0094- 2405, 1F=3.075

M22. Radovi objavljeni u istaknutom medjunarodnim Easopisima

I. Ciraj-Bjelae, O., Rehani, M.M,, Sim, K.H,, Liew, H.B., Vano, E., Kleiman, N.J. Risk for radiation-
induced cataract for staff in mtorventlonal cardlology Is thoro reason for concern? (2010)
Catheterization and Cardiovascular Interventions, 76 (63, pp. 826-834; doi: 10,1002/ccd, 22670, ISSN:
1522-1946 , IF=2.398

2, Milatovic A, Ciraj-Bjelac O, Ivanevie-S, Jovanovic S, Spasw~.loklc V. Patient dose measuremeénts in
diagnostic radiology procedures in Monrenegro Radiat Prot Dosimetry, 012 May;149(4):454- 63 doi;
10:1093/rpd/ner317, IF=0,966, ISSN: 0144-8420

3.. Cirgj-Bjelac, O., Arendjic, D, Kosutic; D. Comparisen of different methods for - shielding design in
computed tomography (201 Iy Radlatlon Protection Dosimetry, 147 {1-2), art. no. ner287, pp. 133 136
doi: 10:1093/rpd/ncr287, IF=0.966, ISSN: 0144-8420



0.

Ciraj-Bjelac, O., Beganovié, A., Faj, D, Ivanovic, S,, Videnovic, L, Rehani, M. Status of radiation
protéjction in interventional cardiology in four East Buropean Countries. (2011} Rad_i_ation Protection
Dosimetry, 147 (1-2}, art. no. 1cr268, pp. 62-67, doi: 10.1093/pd/ncr268 , IF=0.966, ISSN: 0144-8420

Rehani, MM,, Vano, E., Cir’a'j;Bjclac, i, Kleiman, N.J. Radiation and cat'aran;t,_ (201 1) _Ra'ciiat_i'on'
Protection Dosimetry, 147 (1-2), art, no. ncr299, pp. 300-304, doi: 10.1093/rpd/ncr299, 1F=0.966, ISSN:
0144-8420

Pewrovié, N., Krestic-Vesovié, J., Stojanovié, D., Ciraj-Bjelac, O., Lazarevié, D., Kovadevié, M.
Contribution of activatios products to aceupational exposure following treatment using high energy
photons in radietherapy, (201 1).Radiation Protection Dosimetry, 143 (1), arf. no. neq290, pp. 109-112,
doi: 10.1093/pd/neq290 , IF=0.966, ISSN: 0144-8420

Bosnjak J; Ciraj-Bjelac O, Strbac: B. Implementation of quality assurance in diagnostic radiology in
Besnia and Herzegovina, Radiat Prot Desim (2008), 129(1-3):249-252, doi: 10.1093/rpd/nen011,
1F=1.048, ISSN: 0144-8420

Faj D, Posedel D, Stimac D, Ivezic Z, Kasabasic M, Ivkovic A, Kubelka D, Ilakovac V, Binic Z, Cirg
O. Survey of mammography practice in Croatia; equipment performance, patient doses and image
quality, Radiat Prot, Dosim (2008), 131 (4): 535 ~ 540, doi: 10.1093/rpd/ncn283, 1F=1.048, ISSN:
Muhogora W, Ahmed NA, Beganovic A, Benider A, Cirgj-Bjelac O, Gershan V, Gershkevitsh' E,
Grupetta E, Kharita MH, Manatrakul N, Mildkovic M, Ohno O, Ben Omrane L, Ptacek J, Schandorf C,
Shabaan MS, Stoyanov D, Toutaoui N, Wambani JS, Rehani MM. Patient doses in CT Examinations in
18 countries: initial resulis from international atomic energy agency projects, Radiat Prot Dosim (2009),

136(2): 118 - 126, doi; 10.1093/rpd/nepl44, 1F=1,048, ISSN: 0144-8420

« Muhogora WE, Ahmed NA, Beganovic A, Benider A, Ciraj-Bjelac O, Gershan V, Gershkevitsh E,

Grupetta E, Kharita MH, Manatrakul N, Milakovic- M, Ohno K, .Ben Omrane L, Ptacek J, Schandorf C,
Shabaan MS, Stoyanev D, Teutaoui T, Wambani JS, Rehani MM. Paediatric CT examinations in 19
developing countries: frequency and radiation dose, Radiat Prot Dosim (2010), 140(1): 49-538, doi;

10.1093/rpd/ncq015, IF=1,048; [SSN: (1144-8420

. Ciraj-Bjelac, 0., Kovacevic, M., Kesulic, D., Arandjic, D., Lazarevic, D.A radiotogical incident with a

radiodctive lightning rod source found in a vehicle used by film crewmembers: A case study. (2010)
Radiation Protection Dosimetry, 141 (3), art. no. ncql78, pp. 309-314, doi; 10.1093/pd/ncq178 |
IF=1.048;, ISSN: 0144-8420 '

. Ciraj-Bjelac O, Beciric:S, Arandjic D, Kosutic D, Kovacevic M. Mammography radiation dose: initial

results from Serbia based on mean glandular dose assessnient for phantoms and patients, Radiat Prot
Deosiin (2010), 140(1): 75-80, doi: 10.1093/rpd/ncq040, IF=1.048, ISSN: 0144-8420

. Kosutic D, Ciraj-Bjelac O, Arandjic D. Mammography practice in Serbia: evaluation and optimization of

image quality and the technical aspects of the mammiographic inaging chain, Radiat Prot Dosim (2010),
139°(1-3): 293-297, doi: 10.1093/rpd/neq096, IF=1.048, ISSN: 0144-8420

- Markovi¢ S, Ljubenov V, Ciraj O, Simovié R, Reflected radiation assessment in contrast K-ray

diagnostics, Radiation Physics and Chemistry (2004}, 71 989-990, ISSN: (969-806X

. Ciraj O, Markovic S, Kosutic D. First results on patient dose measurements from converitional

diagnostic radiology procedures in Serbia and Montenegro, Radiat Prot' Dosim (2005), 113(3):330-335,
TSSN: 0144-8420 : . .

and potentials for dosé reduction through changés in equipment seftings, Radiat Prot Dosim (2005),
[14{1-3):158-163, ISSN: 0144-8420

. Ciraj 0, Markovic S, Kosutic D. Patient doses for bariuin meal examination in Serbia and Montenegro

M23. I{a_dovi-obj:ivij'eni'u medjunaroditim ¢asopisima

1.

Ciraj-Bjelac, O.F., Praskalo, J.Z,, Davidovié, J.D.J., Zivkovi¢, M M. Physical and technical aspects of-
quality assurance in Inammography. in the Republic of Srpska
(201 1) Nuclear Technology and Radiation Protection, 26 €2), pp- 171-176, ¥S8N 1451-3994, [F=0.706
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