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Predmet: Izveštaj komisije za ocenu i odbranu doktorske disertacije 

kandidata mr. sc. dr Evgenije Marković  

Na V redovnoj sednici Naučno-nastavnog veća Stomatološkog fakulteta 

Univerziteta u Beogradu održanoj 21.05.2013. godine, imenovana je Komisija za 

ocenu i odbranu doktorske disertacije mr. sc. dr Evgenije Marković pod nazivom:  

"UTICAJ STRUKTURE ORTODONTSKIH ŽICA NA BIOKOMPATIBILNOST I PERCEPCIJU 

BOLA TOKOM POČETNE FAZE LEČENJA FIKSNIM APARATIMA".  

Imenovana komisija u sastavu:  

 Prof. Dr Ivana Šćepan, Klinika za ortopediju vilica, 

Stomatološki fakultet u Beogradu; 

 Prof. Dr Dragoslav Stamenković, Klinika za stomatološku 

protetiku, Stomatološki fakultet u Beogradu; 

 Doc. Dr Predrag Vučinić, Odsek za stomatologiju, Medicinski 

fakultet u Novom Sadu 

nakon pregleda doktorske disertacije, podnosi Nastavno-naučnom veću sledeći  

IZVEŠTAJ 

BIOGRAFSKI I BIBLIOGRAFSKI PODACI O KANDIDATU  

Mr. sc. dr Evgenija Marković (rođena Stamenić) je rođena 28.03.1970. 

godine u Beogradu gde je diplomirala na Stomatološkom fakultetu u Beogradu 

1996. godine sa prosečnom ocenom 9.18. Obavezan pripravnički staž obavila je 

na klinikama Stomatološkog fakulteta u Beogradu i položila stručni ispit 1997. 

godine.  



Posle diplomiranja upisala je poslediplomske studije na Stomatološkom 

fakultetu u Beogradu iz predmeta Ortopedija vilica gde je radila u svojstvu 

naučno-istraživačkog radnika dve godine. Od 1998-2002. godine, nakon 

nostrifikacije diplome u Kanadi radila je u privatnoj praksi u Vankuveru, Kanada. 

Specijalizaciju iz predmeta Ortopedija vilica upisala je 2002. godine na 

Stomatološkom fakultetu u Beogradu i položila specijalistički ispit 2006. godine sa 

odličnom ocenom. Magistarsku tezu pod naslovom "Analiza otpornosti 

ortodontskih lepkova na dejstvo sile" odbranila je 2007.godine. na 

Stomatološkom fakultetu u Beogradu. Od 2007-2011. zaposlena je na Klinici za 

Ortopediju vilica, Stomatološkog fakulteta u Beogradu kao klinički lekar. U zvanje 

asistenta izabrana je 2011. godine. Govori i piše engleski jezik i poznaje rad na 

računaru. Na Klinici za ortopediju vilica aktivno učestvuje u izvodjenju praktične i 

teoretske nastave, kako na osnovnim, tako i na specijalističkim i studijama iz 

Ortopedije vilica. 

Do sada je objavila 25 naučnih radova koji su objavljeni u domaćim i stranim 

časopisima i prezentovani na naučnim skupovima u zemlji i inostranstvu.  

Od oktobra 2011. godine učesnik je na Eureka projektu 6788 ORTO-NITI -

Development of advanced NiTi orthodontic wire.  

ČLANSTVO U DOMAĆIM I INTERNACIONALNIM UDRUŽENJIMA: 

Udruženje Ortodonata Srbije 

European Orthodontic Society 

British Columbia Association of Dental Surgeons 

Canadian Dental Association 

College of Dental Surgeons of British Columbia 

SPISAK OBJAVLJENIH RADOVA, PREZENTACIJA I PREDAVANJA: 

Rad u istaknutom međunarodnom časopisu M22 
1. I. Scepan, B. Glisic, E. Markovic, M. Babic. Craniofacial complex specificities in 

five men with sex reversal syndrome, Clinical Oral Investigation. 2008; 
Sep;12(3):265-9. E pub 2008 Feb 5;  

 



Rad u međunarodnom časopisu M23 
1. J. Ferčec, B Glišić, I Šćepan, E Marković, D Stamenković, I Anžel, J Flašker, R 

Rudolf. Determination of stresses and forces on the orthodontic system by using 
numerical simulation of the Finite Elements Method. Acta Physica Polonica A 
2012; Oct vol.122:pp. 659-665. 

2. R. Rudolf, M. Anžel, E. Marković, M. Čolic, D. Stamenković: Gold in the past, 
today and future. Metalurgija 51 (2012) 2, 261-264; 

3. N. Nedeljković, I. Šćepan, B. Glišić, E. Marković. Dentoalveolarni terapijski efekti 
Herbst aparata i aktivatora kod osoba u postpubertetskom uzrastu sa 
malokluzijom klase II/1 (Dentaoalveolar changes in young adult patients with 
Class II/1 malocclusion treated with the Herbst appliance and an activator). 
Military Medical and Pharmaceutical Journal of Serbia 2010; Feb vol. 62 (23): pp. 
170-175; 

Rad u časopisu međunarodnog značaja verifikovanog posebnom odlukom M24 
1. N. Nedeljković, B. Glišić, E. Marković, I. Šćepan, Z. Stamenković. Orthodontic 

treatment of nongrowing patient with Class II Division 2 malocclusion by Herbst. 
Military Medical and Pharmaceutical Journal of Serbia 2009; Oct vol. 66 (10): pp. 
840-844; 

Rad u vodećem časopisu nacionalnog značaja M51  
2. N. Jaksic, I. Scepan, B. Glisic, E. Stamenic, Z. Stamenkovic. Mesiodistal size of 

deciduous teeth in subjects with unilateral cleft lip and palate. Orthodontics 
Craniofacial Res. 5, 2002; 17-21; 

Rad u časopisu nacionalnog značaja M52 

1. E. Markovic, B. Glisic, I. Scepan, D. Markovic, V. Jokanovic. Bond strength of 
orthodontic adhesives, AMES 2008;14(2): 79-88; 

2. Z. Nikolić, I. Šćepan, E. Marković. Correlation of dental and chronological 
maturity in girls and boys aged 7 to 14 years Stomatoloski glasnik Srbije, 2005; 
52(1):41-45; 

Saopštenje sa skupa međunarodnog značaja štampano u izvodu M34 

1. J. Ferčec, R. Rudolf, I. Anžel, I. Pulko, E. Marković, D. Stamenković, B. Glišić. 

Methods of investigation of the stress-induced martensite in the orthodontic wire 
from shape memory alloy niti under different stress states. 1st Metallurgical and 
Materials Enginering Congress of South East Europe. Proceedings and book of 
abstracts. 147-153. May 23-25, 2013. Belgrade, Srebia; 

2. R. Rudolf, J. Ferčec, S. Tomić, D. Stamenković, B. Glišić E. Marković,. New 
approach to determination of NiTi orthodontic archwires characteristic 
properties. 18th Congress of the Balkan Stomatological Society (BaSS). April 
25-28, 2013 Skopje; 

3. T. Pajevic, E. Marković, I. Šćepan. Early protraction mask therapy in a patient with 
Crouzon syndrome: A case study report. 87th Congress of the European 
Orthodontic Society, June 19-33, 2011. Istanbul, Turkey;  
 



4. E. Markovic, B. Glisic, I. Scepan, N. Stefanovic. Cephalometric Analysis of Growth 
Pattern and Incisor Position in Patients with A Class II Division 2 Malocclusion. 85th 
Congress of the European Orthodontic Society, June 10–14, 2009. Helsinki, 
Finland;  

5. J. Pajevic, J. Juloski, N. Stefanovic, E. Markovic, I. Scepan. Is Perfection 
Overrated? 85th Congress of the European Orthodontic Society, June 10–14, 
2009. Helsinki, Finland;  

6. B. Glisic, E.Stamenic, A. Dozic, N. Jaksic. Sagittal jaws relationships in skull remains 
from Vinca (XIIct.). 71th Congress of the European Orthodontic Society, 71st 
Congress of the German Orthodontic Society, Mainz, June 1998;  

7. E. Stamenic, N. Jaksic, G. Gemaljevic, Z. Stamenkovic. Type of Mandibular and 
Maxilllary rotation.rd Congress of the Balkan Stomatological Society, Sofia, April 
1998;  

8. Z. Stamenkovic, E. Stamenic, M. Obradovic, B. Glisic. Analysis of mandibular 
rotation according to Bjork and Jarabak. 3rd Congress of the Balkan 
Stomatological Society, Sofia, April 1998;  

9. E. Stamenic, N. Jaksic, B. Glisic, Z. Stamenkovic. Cleft lip and palate: Distribution 
by sex, type and side of cleft. 71th Congress of the European Orthodontic 
Society, 71st Congress of the German Orthodontic Society, Mainz, June 1998;  

10. B. Glisic, A. Dozic, E. Stamenic, I. Scepan, N. Jaksic. Comparison of Skeletal 
Changes from the 13th century to present day. 73rd Congress of the European 
Orthodontic Society, Valencia, June 1997;  

Saopštenje sa skupa od nacionalnog značaja štampano u izvodu M64 
1. Lj. Pašagić, I. Ilić, M. Anđelić, E. Marković. Terapija dentoalveolarnog otvorenog 

zagrižaja usled loše navike. 1st Congress of Serbian orthodontic Society. Knjiga 
abstrakata. April, 05-06.2013. Beograd;  

2.  Lj. Vučić, M. Bugurendić, E. Marković. Različiti načini rešavanja dubokog 
preklopa sekutića-prikaz slučaja. 1st Congress of Serbian orthodontic Society. 
Knjiga abstrakata. April, 05-06.2013. Beograd;  

3. T. Pajević, E. Marković, N. Nedeljković, T. Vuličević. Primena twin-blok-a u terapiji 
malokluzija II klase 2 odelenja. Zbornik sažetaka. Simpozijum stomatologa i 
saradnika. 27-29.5.2010. str.86. Novi Sad; 

4. B. Glisic, E. Stamenic, A. Dozic. The sagittal, transversal and vertical occlusal 
relationships in scull remains from Vinca(XIIIct.). 5th Panhelenic Orthodontic 
Congress. September 1998, Athens; 

5. B. Glisic, A. Dozic, E. Stamenic, N. Jaksic. Os Inca-Finding on skull from XIII ct. Folia 
Anatomica (Official Journal of the Yugoslav Association of Anatomists and the 
Anatomical Society of Serbia), Vol.26, 1998;  

Predavanje po pozivu  

1. E. Marković, I. Šćepan, N. Nedeljković. Dijastema medijana kao estetski problem. 
Simpozijum Stomatologa i Saradnika, 01-02.06.2012.Novi Sad.  

2. E. Markovic. Sastanak Udruženja ortodonata Srbije: Idealan ortodontski lepak: o 
čemu treba voditi računa prilikom izbora lepka u ortodonciji; 07.05.2011. 
Beograd; 

 



PREGLED DOKTORSKE DISERTACIJE 

Doktorska disertacije pod nazivom "Uticaj strukture ortodontskih žica na 

biokompatibilnost i percepciju bola tokom početne faze lečenja fiksnim 

aparatima" predstavljena je na 181 stranici teksta koji je podeljen u 9 poglavlja: 

Uvod; Pregled literature; Ciljevi; Učesnici u studiji, material i metod; Rezultati; 

Diskusija; Zaključci; Literatura i Prilozi. Prikazano je ukupno 31 slika, 60 tabela i 11 

grafikona. U literaturi su navedeni podaci iz 291 bibliografske jedinice.  

UVOD u disertaciju upoznaje čitaoca sa osnovama biološkog pomeranja 

zuba tokom ortodontske terapije i o težnjama ka idealnom materijalu koji bi 

zadovoljio sve aspekte ortodontske terapije.  

PREGLED LITERATURE podeljen je na dve oblasti, u okviru kojih je 11 

odeljaka. Prva oblast obradjuje podatke iz radova koji su se bavili ortodontskim 

žicama od legure nikla i titana (NiTi). Oblast ORTODONTSKE ŽICE OD NITI LEGURE (2.1) 

prikazuje istoriju razvitka legure od nikla i titana, kao i njenu strukturu i izgled. 

Odeljak Memorija oblika (2.1.1) i Superelastičnost (2.1.2) tumači važne 

karakteristike NiTi legura da se nakon prestanka dejstva sile ili pri promeni 

temperature, legura vraća u prvobitni, fabrički zadati oblik. Sledeći odeljak 

Klasifikacija NiTI žica (2.1.3) osvrće se na savremenu podelu žica u zavisnosti od 

njihove strukture i karakteristika koje zavise od procesa proizvodnje. Glavne faze 

u procesu proizvodnje žice, kao što su: topljenje i izlivanje; oblikovanje, 

formiranje i finiširanje opisane su u odeljku Proizvodnja žice od NiTi legure (2.1.4). 

Promenom hemijskog sastava legure omogućava se menjanje karakteristika 

same žice. Moguće kombinacije odnosa nikla, titanijuma i ostalih elemenata, 

kao i promene osobina žice koje nastaju promenom u sadržaja nikla i titana 

prikazani su u odeljku Hemijski sastav legure (2.1.5).  Osim superelastičnosti i 

memorije oblika, ortodontska NiTi žica treba da se odlikuje i biokompatibilnošću 

da bi bila primenjljiva u uslovima usne duplje. Pregledom literature navedena su 

savremena shvatanja biokompatibilnosti biomaterijala.  

Korozivni procesi koji mogu da dovedu do narušavanja površinskog sloja 

legure od koje je žica napravljena i time ugroze biokompatibilnost žice opisani 

su u odeljku Biokompatibilnost (2.1.6).  



Mogućnosti ispitivanja biokompatibilnosti biomaterijala, kao i ortodontskih 

žica prikazani su u naredna dva odeljka (2.1.7 i 2.1.8). Nakon opisa ortodontskih 

žica kroz savremenu literaturu, razmatrani su biološki aspekti, mehanizam 

nastanka bola, kao i percepcija i njegova karakterizacija okviru oblasti BOL (2.2).  

CILJEVI istraživanju su jasno definisani i odnose se na kategorizaciju bola, 

strukturu ortodontske NiTi žice i njihovu zavisnost.  

U poglavlju UČESNICI U STUDIJI, MATERIAL I METODE prikazan je način 

ispitivanja osoba koje su bile uključene u istraživanje, kao i metode ispitivanja 

strukture novih žica i žica koje su bile u ustima ispitanika mesec dana. 

Laboratorijskim ispitivanjem pomoću Analize disperzijom X zraka -Energy 

Dispersive X-ray Analysis (Spectroscopy) (EDX ili EDS) koje je sprovedeno na 

Mašinskom fakultetu u Mariboru utvrđena je struktura novih, kao i korišćenih (iz 

usta izvađenih) NiTi žica. Ispitivan je sadržaj nikla i titana, njihov odnos, kao i 

promena u sadržaju pre i posle korišćenja. U kliničkom delu studije učestvovalo 

je 200 osoba kod kojih je započeta terapija fiksnim ortodontskim aparatima (4.1 i 

4.2). Ispitanici su bili ortodontski pacijenti na Klinici za ortopediju vilica u 

Beogradu i privatnoj praksi, kojima su, u sklopu terapije fiksnim aparatima, 

ligirane žice 6 različitih proizvođača istog prečnika od 0.014" (0.35 mm). Učesnici 

u studiji su popunjavali specijalno formulisan modifikovani McGill upitnik za bol 

(Prilog 3).  

REZULTATI laboratorijskog i kliničkog dela studije koji su statistički obrađeni, 

prikazani su pregledno na 12 slika u 59 tabela i 11 grafikona uz detaljan opis. 

Prikazan je hemijski sastav žica i sadržaj nikla i titana pre i posle korišćenja, 

struktura i izgled površine žica, kao i statistički obrađeni rezultati kliničkog dela 

studije koji se bavio karakterom i intenzitetom bola (5.1-5.3).  

DISKUSIJOM, koje je izuzetno bogata i opširna tumačeni se dobijeni 

rezultati u svetlu dosadašnjih saznanja iz oblasti fiziologije bola, biomaterijala i 

biokompatibilnosti ortodonstkih žica, što doprinosi još boljem razumevanju 

dobijenih rezultata.  



ZAKLJUČCI su navedeni jasno u skladu sa ciljevima disertacije dajući 

doprinos ne samo napredku naučno-istraživačkog radu iz oblasti ortodoncije i 

biomaterijala nego i unapređenju ortodontske kliničke prakse.  

RADOVI I SAOPŠTENJA SA SKUPOVA IZ OBLASTI KOJOM SE BAVI 

DOKTORSKA DISERTACIJA: 

1. J. Ferčec, B Glišić, I Šćepan, E Marković, D Stamenković, I Anžel, J Flašker, 
R Rudolf. Determination of stresses and forces on the orthodontic system 
by using numerical simulation of the Finite Elements Method. Acta Physica 
Polonica A 2012; Oct vol.122:pp. 659-665.      M23 

2. R. Rudolf, M. Anžel, E. Marković, M. Čolic, D. Stamenković: Gold in the 
past, today and future. Metalurgija 51 (2012) 2, 261-264.   M23 

3. J. Ferčec, R. Rudolf, I. Anžel, I. Pulko, E. Marković, D. Stamenković, B. Glišić. 

Methods of investigation of the stress-induced martensite in the orthodontic wire 
from shape memory alloy niti under different stress states. 1st Metallurgical and 
Materials Enginering Congress of South East Europe. Proceedings and book of 
abstracts. 147-153. May 23-25, 2013. Belgrade, Srebia;     M34 

4. R. Rudolf, J. Ferčec, S. Tomić, D. Stamenković, B. Glišić E. Marković,. New 
approach to determination of NiTi orthodontic archwires charac-teristic 
properties. 18th Congress of the Balkan Stomatological Society (BaSS). April 
25-28, 2013 Skopje.         M34 

KONAČNA OCENA DOKTORSKE DISERTACIJE 

Doktorska disertacija mr. sc. dr Evgenije Marković pruža originalni naučni 

doprinos u oblasti ortodoncije i nauke o biomaterijalima. Struktura NiTi žica i njen 

uticaj na percepciju bola kod ortodontskih pacijenata, iako ispitivana kroz 

dosadašnje publikacije, ipak nije rasvetljena u potpunosti. Rezultati doktorske 

disertacije umnogome pomažu razumevanju složenih mehanizama razmene 

nikla i titana kako unutar žice tako i između žice i medijuma, tj. pljuvačke. 

Procena biokompatibilnosti žice na osnovu promena u njihovom sadržaju pre i 

posle korišćenja ortodonstke žice je relativno malo eksploatisana metodologija 

koja je uspešno sprovedena u disertaciji. Podaci o karakteru bola, njegovom 

intenzitetu, kao i dužini trajanja u zavisnosti od vrste žice koja se koristi tokom 

terapije fiksnim aparatima pružaju mogućnost ne samo daljeg unapređenja 

karakteristika ortodonstkih žica nego i boljem razumevanje potreba pacijenata. 

 



ZAKLJUČAK I PREDLOG KOMISIJE 
 

Komisija je jednoglasno donela odluku da je doktorska disertacije mr. sc. 

dr Evgenije Marković pod nazivom "UTICAJ STRUKTURE ORTODONTSKIH ŽICA NA 

BIOKOMPATIBILNOST I PERCEPCIJU BOLA TOKOM POČETNE FAZE LEČENJA FIKSNIM APARATIMA" 

originalan i samostalan istraživački rad, sproveden u saglasnosti sa predlogom 

teme koju je Univerzitet odobrio. Doktorska disertacija u potpunosti ispunjava 

kriterijume koji su propisani Zakonom o Univerzitetu i statutom Univerziteta i 

Stomatološkog fakulteta u Beogradu. Komisija predlaže Naučno-nastavnom 

veću Stomatološkog fakulteta Univerziteta u Beogradu da prihvati pozitivan 

izveštaj i kandidatu mr. sc. dr Evgeniji Marković odobri javnu odbranu doktorske 

disertacije pod nazivom "UTICAJ STRUKTURE ORTODONTSKIH ŽICA NA BIOKOMPATIBILNOST I 

PERCEPCIJU BOLA TOKOM POČETNE FAZE LEČENJA FIKSNIM APARATIMA".  

 

 
 Prof. Dr Ivana Šćepan, Klinika za ortopediju vilica, 

Stomatološki fakultet u Beogradu; 

 
 Prof. Dr Dragoslav Stamenković, Klinika za stomatološku 

protetiku, Stomatološki fakultet u Beogradu; 

 
 Doc. Dr Predrag Vučinić, Odsek za stomatologiju, Medicinski 

fakultet u Novom Sadu 

 

 



 
Na osnovu člana 49. Statuta Stomatološkog fakulteta Univerziteta u 

Beogradu, Nastavno naučno veće Stomatološkog fakulteta, na VII redovnoj 
sednici u školskoj 2012/2013. godini, održanoj 12.07.2013. godine, donelo je 
sledeću 
 

O  D  L  U  K  U 
 

Usvaja se pozitivan izveštaj Komisije za ocenu završene doktorske 
disertacije dr Evgenije Marković, pod nazivom „UTICAJ STRUKTURE 
ORTODONTSKIH ŽICA NA BIOKOMPATIBILNOST I PERCEPCIJU BOLA 
TOKOM POČETNE FAZE LEČENJA FIKSNIM APARATIMA“. 

Imenovani/a će javno braniti doktorsku disertaciju, ukoliko dobije pozitivno 
mišljenje Veća naučnih oblasti medicinskih nauka Univerziteta u Beogradu, 
pred komisijom u sastavu: 

1. prof. dr Ivana Šćepan 
2. prof. dr Dragoslav Stamenković  
3. doc. dr Predrag Vučinić, Medicinski fakultet u Novom Sadu. 
 

O b r a z l o ž e nj e 
 

Veće naučnih oblasti medicinskih nauka, na sednici od 10.07.2012. 
godine, dalo je saglasnost na predlog teme doktorske disertacije dr Evgenije 
Marković, pod nazivom „UTICAJ STRUKTURE ORTODONTSKIH ŽICA NA 
BIOKOMPATIBILNOST I PERCEPCIJU BOLA TOKOM POČETNE FAZE 
LEČENJA FIKSNIM APARATIMA“. 

Imenovani/a je u časopisu Acta Physica Polonica, objavio/la rad pod 
nazivom: „Determination of stresses and forces on the orthodontic system by 
using numerical simulation of the Finite Elements Method (2012) i u časopisu 
Metalurgija, objavio/la je rad pod nazivom „Gold in the past, today and future“ 
(2012). 

Imajući u vidu napred navedeno, Nastavno naučno veće Stomatološkog 
fakulteta Univerziteta u Beogradu, rešilo je kao u dispozitivu. 

 
Odluku dostaviti: Imenovanom/oj, Univerzitetu u Beogradu, Odseku za 

nastavu, Veću, Komisiji (3) i Pisarnici. 
 
 
 
Referent kadrovskog odseka 
Violeta Rastović 

 

                     Dekan 
          Stomatološkog fakulteta 

 
 
      Prof. dr Miroslav Vukadinović 
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This paper deals with gold, which is described as a chemical element. Special attention is paid to its physical-chem-
ical properties and, furthermore, where or in what form it can be found in nature. We discuss the role it has played 
through history and we inform how gold has been developed to the level it has reached today’s value. Still more, 
when gold is broken into nanoparticles, this form could be highly useful for a wide range of processes, including 
general nanotechnology, electronics manufacturing and the synthesizing of diff erent functional materials. It is im-
portant that we know that gold is also used in industry in many engineering applications (contacts in micro-elec-
tronics) and medicine (dental alloys, implants). 

Key words: gold, physical-chemical properties, nano-particles, applications

Zlato u prošlosti, sadašnjosti i budućnosti. Ovaj članak govori o zlatu kao kemijskom elementu. Posebna pažnja 
posvećena je njegovim fi zikalno-kemijskim svojstvima i gdje i u kojem obliku se može pronaći u prirodi. Razmatra 
se uloga koju je zlato odigralo u povijesti i donosi se informacije o tome kako je doseglo razinu vrijednosti koju ima 
danas. Zlato razlomljeno na nanočestice upotrebljivo je u širem spektru procesuiranja, uključujući opću nanoteh-
nologiju, elektroničku prizvodnju i spajanju materijala raznih funkcionalnosti. Važno je znati da se zlato koristi i u 
industriji, mnogim inženjerskim procesima (kontakti u mikro-elektronici) i medicini (dentalne slitine, implatanti).

Ključne riječi: zlato, fi zikalno-kemijska svojstva, nanočestice, primjene

INTRODUCTION

Gold is a chemical element with the atomic number 
79 and the symbol Au, which is derived from the Latin 
name “aurum” and means the morning dawn [1]. By co-
agulation it crystallizes in a centred cubic grid and in the 
periodic table it is located between the transition metals. 
The relative atomic mass of gold is 196,97, the density is 
19,32 g/cm³, the melting temperature is 1063 °C, the 
elastic modulus is 77 MPa and the coeffi cient tempera-
ture of elongation (WAK) is 14,1 µm/m · K [1]. Gold is 
a very dispersed and rare element in the Earth’s crust. In 
the wild it is located in its native form or (less frequently) 
in the form of telluride, which contains the only Golden 
minerals (kalaverit, sylvanite, petcit) [2]. Native gold is 
located primarily in the veins of silica (SiO2), in the ores 
of other materials, or in deposits and is not clean; it con-
tains 1–50 % mercury. The largest deposits of gold are in 
South Africa, the USA, Canada, Australia, Mexico and 
Russia. Approximately 20 % of world production is used 
commercially, while the rest is in gold reserves (the gold 
basis of paper money). 

R. Rudolf, M. Anžel, Faculty of Mechanical Engineering, University of 
Maribor, Maribor, Slovenia., E. Marković, D. Stamenković, High School 
of Dentistry, University of Belgrade, Belgrade, Serbia, M. Čolić, Univer-
sity of Niš, Military Medical Institute Belgrade, Serbia

PHYSICAL-CHEMICAL PROPERTIES 

Gold has its own unique yellow colour. Its appear-
ance is also infl uenced by its brilliance and refl ective 
ability. Because of these properties gold cannot be con-
fused with any other metal. If gold contains an admix-
ture of other elements it changes colour. Due to the ad-
mixture of silver in gold (up to 30 % by weight) it turns 
silver-white [3]. If the surface is polished the sharp me-
tallic shine is stressed. Gold products are usually made 
of an alloy in which you can fi nd behind the gold other 
alloying elements such as silver, copper, platinum, pal-
ladium etc. in many cases where products contain cop-
per, so-called oxidation zones are visible, which is the 
reason for the dark, unpolished look of the surface [4]. 
Gold has almost twice the density of lead and 19,3 times 
greater than that of water. The admixture of other metals 
also has an effect on the density. For example, if the 
mass fraction of silver in gold alloy is between 2 and 
20 %, then consequently the alloy density is between 
15,5 and 19,3 g/cm³ [1]. Other contaminants which may 
affect the density are copper, platinum, palladium, rho-
dium, iridium and bismuth. 

In the chemical sense gold is the least active metal, 
since it burns in air, is not oxidized in water, does not 
change colour, does not react with strong alkaline solu-
tions and all the pure acids (except for selenium acid). 
Gold dissolved in a solution which is a mixture of chlo-
rine and nitric acid (HCl: HNO3 = 3:1); it dissolves in a 
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cyanide solution [5]. Gold dissolves in mercury to form 
amalgam. The gold compounds have one (+1) or three 
(+3) valence and they are not very persistent. Colloids 
are formed by adding a solution of formaldehyde or 
phenylhydrazine to gold. Gold is a soft and very dense 
metal with a strong yellow colour and has a high degree 
of cleavage. 

GOLD IN THE BANKING BUSINESS

In the fourth millennium (before Christ) the Egyp-
tian workers found their fi rst silver and gold. This dis-
covery formed the natural exchange system of the econ-
omy at that time. Minted as indestructible silver and 
gold coins and precious metals they began to be used as 
currency. For security reasons, they began to be stored 
by the Goldsmith, and these in turn issued a Certifi cate 
of Safekeeping (CS), which was redeemable for silver 
and gold, and which later became the paper money used 
instead of silver and gold. On this basis they began sub-
sequently to establish a private bank, and soon it was 
found to be in circulation longer than the CS as it was 
available in silver and gold. Later other currencies were 
developed which were also based on silver and gold, 
which corresponded to the supply of these precious 
metals as they were stable and not subject to infl ation.

During the First World War huge fi nancial resources 
were required to fi nance military operations. Because the 
war lasted a full four years, they violated the gold stand-
ard and printed more money than they had gold and sil-
ver. As a result, the uncovered amount of money has in-
creased and infl ation has started to show. In the fi fties of 
the last century they tried to get back the gold standard, 
so all currencies were tied to the dollar, and this contains 
an ounce of gold, which at the time was 35 dollars. To-
day, gold stocks are at an end, the money in circulation is 
growing and is us only on the trust of its users.

GOLD IN NANOTECHNOLOGY

Nanoparticles lie between bulk and atomic dimen-
sions and are therefore endowed with special proper-
ties, thereby making them starting material for many 
futuristic applications. The properties of nanoparticles 
depend on their crystallite sizes [6]. Therefore, control 
over the particle sizes and particle distributions (PSDs), 
is highly desirable. Of the different classes of organic 
and inorganic (metal, dielectric, and semiconductor) na-
noparticles, noble metal nanoparticles have fascinated 
scientists’ from historic times because of their unique 
size- and shape-dependent optical properties [7]. 

Today the potential of Au nano- particles is recog-
nised to derive from the addressability of their interesting 
optical properties via spectroscopic and photonic tech-
niques [8]. For those spherical nanoparticles much small-
er than the wavelength of light (diameter d << λ), an elec-
tromagnetic fi eld at a certain frequency (ν) induces a 

resonant, coherent oscillation of the metal free electrons 
across the nano-particle (Figure 1). This oscillation is 
known as the surface Plasmon resonance [7,8]. 

The resonance lies at visible frequencies for Au metal. 
The surface Plasmon oscillation of the metal electrons 
results in a strong enhancement of absorption and scatter-
ing of electromagnetic radiation in resonance with the 
surface Plasmon resonance (SPR) frequency of the Au 
nanoparticles, giving them intense colours and interest-
ing optical properties. The frequency and cross section of 
SPR absorption and scattering is dependent on the metal 
composition, nanoparticle size and shape, dielectric prop-
erties of surrounding medium/substrate and presence of 
inter-particle interactions. Au is the plasmonic metal of 
choice because of its much higher stability as compared 
to Cu and other metals. In addition, spherical Au colloids 
can easily be made in a wide range of sizes (4-80 nm) by 
facile chemistry involving the reductions of Au ions in 
solution [9]. Other interesting Au nanostructures (Figure 
2) with modifi ed optical properties e.g. nanorods, nano-
prisms, triangular nanoparticles, nanocubes, and com-
posite silica core Au-shell particles, can be fabricated via 
different techniques, such as: wet synthesis techniques, 
electrochemistry, photochemical techniques, nano-li-
thography, ultrasonic pyrolysis, etc.

Due to the phenomenon of SPR, the absorption and 
scattering cross-section of Au nanoparticles are signifi -

Figure 1  Schematic presentation of the interaction of a metal 
nano-sphere with light

Figure 2  a) Photographs of colloidal dispersions of Au 
nanoparticles with increasing sizes, b) Au 
nanospheres, c) Au nanorods

a)

b) c)
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cantly superior to the absorbing and fl uorescing dyes 
used conventionally in biological and biomedical imag-
ing [10]. Researchers demonstrated that the optical 
cross-sections of the Au-nanospheres are typically four 
to fi ve orders of magnitude higher than those of conven-
tional dyes. Current diagnostics and investigational 
techniques in molecular biology and biomedicine rely 
heavily on chemical contrast agents to stain/label spe-
cifi c cells and tissues of interest [11] in order to over-
come the problem of weak signals of endogenous chro-
mospheres and the subtle spectral differences between 
normal and diseased cells and tissues. Colloidal Au na-
noparticles with strong SPR enhanced absorption and 
scattering are an important addition to the toolbox of 
imaging labels and contrast agents. Au nanoparticles 
are not susceptible to photo-bleaching and they appear 
to be biocompatible and non-cytotoxic, as supported by 
recent experiments on cells [11]. 

Another factor motivating the use of Au nanoparti-
cles is their facile bio conjugation and bio modifi cation 
[12]. The surface of Au nanoparticles has a strong bind-
ing affi nity towards thiols, disulphides, and amines. In 
particular, the simple Au-thiol chemistry allows the sur-
face conjugation of various peptides, proteins, and 
DNA. The electrostatic adsorption of biomolecules such 
as vitamin C and or large protein/enzyme molecules, to 
the nanoparticles` surface is a simple and commonly 
used technique for Au nanoparticles capped with citrate 
or similar carboxylic acid derivate.

GOLD IN DENTISTRY

Gold is the oldest dental restorative material, having 
been used for dental repairs for more than 4 000 years. 
These early dental applications were based on aesthetics 
rather than masticatory ability. The use of gold in den-
tistry remains signifi cant today, with typical annual con-
sumption estimated to be approximately - 70 - tonnes - 
worldwide. However, with an increasingly wide range of 
alternative materials available for dental repairs, it is con-
sidered appropriate to review the current gold based tech-
nology available today and thereby highlight the excep-
tional performance that competing materials must dem-
onstrate if they are to displace gold from current usage. 

In conservative and restorative dentistry, as well as 
in orthodontics, gold is used either as a pure metal, or 
alloyed together with noble metals and base metals. 
This use of pure gold is limited to direct fi lling of small 
occlusive cavities and no standard exists for the appli-
cation and properties of direct fi lling with gold. How-
ever, pure gold used in this application is very soft (HV 
25), has a very low 0,2 % proof stress (30 MPa), and a 
large elongation (45 %). As a result it can be cold 
worked very easily, a necessary requirement for fi lling a 
cavity precisely. Since gold fi llings do not have high 
mechanical resistance against masticatory forces, they 
are only suitable for very small cavities. In recent years, 
pure gold has also been used through the electroforming 

process. Electroformed inlays and onlays are suitable to 
be cemented into cavities after they have been veneered 
with porcelain. Tooth restorations such as porcelain ve-
neered copings for crowns and bridgework can be elec-
troformed with pure gold. Unfortunately, no standard 
yet exists for this process, which is rapidly becoming an 
established mainstream technique in modern dentistry. 
A more common technique in conservative dentistry is 
cementing investment cast gold alloy inlays and onlays 
into cavities. 

Gold alloys are used in dentistry, not only for their 
preferred golden colour [13], but also because they 
maintain an extremely high chemical stability in the 
mouth. They also possess several desirable mechanical 
properties such as high strength, ductility and elasticity 
[14]. From among the various types of alloys used for 
porcelain fused to metal (PFM) restorations, Au-Pt 
based high noble alloys have had the advantage of being 
around for some considerable time. They are part of 
clinical experience and are extremely successful [13]. 
High Au-content dental alloys, including Au-Pt alloys, 
show good biocompatibility due to the corrosion resist-
ance of high noble elements [13]. Besides functional 
performance and aesthetics, biocompatibility is a third 
important requirement for dental restorative materials. 
Where dental restorations are based on the use of differ-
ent alloys, there is the obvious potential for oral poly-
metallism. Indeed, two alloys of different composition 
have different electrochemical potentials and inevitably 
induce corrosion, with the subsequent release of metal 
ions into the tissue. The ion release from metallic pros-
theses and implants is the main cause of any unwanted 
primary and secondary reactions in the human body. 
This phenomenon may lead to the deterioration of den-
tal devices and, in the worst case, may cause prosthesis 
failure or fracture.

CONCLUSIONS 

The Future of Gold is in the Biomedical Industry 
and Dentistry and is connected to the historical devel-
opment work concerning the properties of gold. If lon-
gevity, functionality, aesthetics and biocompatibility, 
together with ease of manufacture, are considered as the 
most important requirements, the optimum material for 
biomedical applications and dental restorations is still a 
well-approved high gold alloy. 

On the other hand there is the application of gold in 
nano-technology. Gold nanoparticles in the 1-10 nm 
size range have special physic-chemical properties that 
are useful in a wide variety of applications such as can-
cer diagnostics, catalysis, Raman and fl uorescence 
spectroscopy selective, ionisation of biomolecules, and 
single electronics. In the future commercial realisation 
of such applications relies on economical synthesis of 
size-controlled nanoparticles, which requires the devel-
opment of continuous-fl ow versions of lab-scale proc-
esses.
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Obrazac 1. 

Fakultet STOMATOLOŠKI  UNIVERZITET U BEOGRADU 

 Stručno veće za medicinske nauke 

 Broj zahteva    

 (naziv stručnog veća kome se zahtev upućuje , shodno 

 čl.6 Statuta Univerziteta u Beogradu i čl. 7. st.1  

 ovog pravilnika) 

16.08.2013.god. 

(Datum) 

  
 

ZAHTEV 

za davanje saglasnosti na izveštaj o urađenoj doktorskoj disertaciji 
 
 

Molimo da, shodno članu 68. st.3. Zakona o univerzitetu ("Službeni glasnik RS" br. 20/98), date saglasnost  na  

izveštaj o urađenoj doktorskoj disertaciji kandidata ЕVGENIJE SELIMIR MARKOVIĆ 
 (ime, ime jednog od  roditelja i prezime) 

KANDIDAT ЕVGENIJA SELIMIR MARKOVIĆ prijavila je doktorsku disertaciju pod nazivom 
 (ime, ime jednog od roditelja i prezime)  
„UTICAJ STRUKTURE ORTODONTSKIH ŽICA NA BIOKOMPATIBILNOST I PERCEPCIJU BOLA TOKOM 
POČETNE FAZE LEČENJA FIKSNIM APARATIMA“ 

Univerzitet je dana 10.07.2012 svojim aktom pod br. 06-19091/68-12 dao saglasnost na predlog teme  

doktorske disertacije koja je glasila   

„UTICAJ STRUKTURE ORTODONTSKIH ŽICA NA BIOKOMPATIBILNOST I PERCEPCIJU BOLA TOKOM 
POČETNE FAZE LEČENJA FIKSNIM APARATIMA“ 

Komisija za ocenu i odbranu doktorske disertacije kandidata ЕVGENIJE SELIMIR MARKOVIĆ 
 (ime, ime jednog od roditelja i prezime) 

obrazovana je na sednici održanoj  05.06.2013. odlukom fakulteta pod br. 3/52 

u sastavu: 
 

 ime i prezime člana komisije: zvanje: naučna oblast: 

 IVANA ŠĆEPAN PROFESOR ORTOPEDIJA VILICA 

 DRAGOSLAV STAMENKOVIĆ PROFESOR STOM. PROTETIKA 

                       PREDRAG VUČINIĆ DOCENT ORTOPEDIJA VILICA 

    

 Nastavno-naučno veće fakulteta prihvatilo je izveštaj Komisije za ocenu i odbranu doktorske  

disertacije na sednici održanoj dana 12.07.2013.god. 

 DEKAN FAKULTETA 

 

 _____________________________ 

 Prof. dr Miroslav Vukadinović 
 Prilog: 1. Izveštaj komisije sa predlogom 
  2. Akt Nastavno-naučnog veća fakulteta o usvajanju izveštaja 
  3. Primedbe date u toku stavljanja izveštaja na uvid javnosti, 
      ukoliko je takvih primedbi bilo.     


