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Serbian Dental Journal, vol. 65, N°1,2018

Ako nemate drugih dokaza o sebi,
govorite lose 0 onima koji su

bolji od vas. To stvara iluziju o
sopstvenoj vrednosti.

Dusan Radovi¢

na hrabrost, ali i,,svezinu“ i aktuelnost velikana pisane i izgovorene re¢i. Njegova hrabrost

ivera je, uprkos strahovima, bila nadahnuta mudro$¢u koja je oblikovala kulturu jednog
vremena, a njegova nadarenost da kriticki misli i odgovorno stvara pruzala je priliku za avanturu
i ispunjen zivot u svakodnevnom bitisanju.

Aktuelna svakodnevica je potpuno drugacija jer je svaka, pa i intelektualna hrabrost svedena na
nivo ,incidenta® Svekolika estradizacija iskljucuje svaku Zelju za promenom u drustvu, a nauku,
kulturu, obrazovanje i umetnost postavlja na pijedestal ,,srama*“ Jedini oblik kulture je ,kultura
straha“ koja kontroli$e svaku odvaznost i svaku Zelju za promenom, gu$e¢i ih u svom zacetku.

Umesto borbe ideja, otkrivanja novih vidika, trazenja alternativnih precica za razumevanje
osnovne istine, u ponudi je ogoljena borba za vlast u svakom segmentu Zivota. A kada se umesto
racionalnih obja$njenja nudi zapaljiva retorika, onda je ,poZar“ mnogo izvesniji od mirne luke.
Cinjenica je takode da tamo gde ne postoje konsekvence za nasilje, to postaje opsti i prihvatljiv
standard ponasanja. U takvom sistemu vrednosti odgovorni ljudi tesko dopiru do realnosti i cesto
svoje bitisanje samo usmeravaju ka , rijalitijima“ sopstvenog Zivota.

Realnost je u stvari ,,vulgarna“ tekovina politi¢kih naloga i neuspesan pokusaj $minkanja sra-
mote. A tamo gde zrtve olako postaju okrivljeni, tamo gde je potrebno samo malo da se neistina
preoblikuje u istinu, malo je Sansi za svetlu i perspektivnu buduénost.

Civilizacijska inverzija je i ¢injenica da uprkos svekolikom ,napretku u svim sferama Zivota
nase bitisanje u brojnim segmentima tavori na najnizim lestvicama. Poznato je takode da samo
neodgovorni ljudi mogu i znaju sve. Oni kojima je odgovornost na vrhu svih lestvica nista ne pri-
hvataju olako, jer znaju da se uspeh i ambicija baziraju isklju¢ivo na znanju i upornom radu, a ne
na podobnosti i poslusnosti. Osim toga, podanicki odnos gazi osnovne eticke i nau¢ne principe,
ali i elementarno dostojanstvo.

Treba biti slobodan i hrabar u svakom smislu, jer je hrabrost vrlina uenih i slobodoumnih, a
ne poslusnih. Hrabre ljude samo znanje, istina i postenje ¢ine slobodnim. Neko je davno rekao da
jedino onaj ko je savijen nad knjigom uspravno hoda.

Urednicki komentar ¢u ovog puta zavrsiti citatom naseg Nobelovca Ive Andrica, jer jasno osli-
kava sadasnji trenutak i njegove aktuelne aktere na daskama nasih Zivota: ,Slabe i plasljive ljude
strah nagoni da rade upravo ono ¢ega se najvise boje*.

P 1 ozda ¢e se u ovom citatu mnogi prepoznati, ali moja namera je pre svega bila da ukazem

Prof. dr Slavoljub Zivkovié
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Compressive strength of calcium silicate-based cement

Vanja Opaci¢ Gali¢', Zoran Stameni¢?, Violeta Petrovi¢!, Vukoman Jokanovi¢?, Slavoljub Zivkovi¢'
'University of Belgrade, School of Dental Medicine, Department for Restorative Dentistry and Endodontics, Belgrade,
Serbia;

?University of Belgrade, Faculty for Mechanical Engineering, Department for General Machine Design, Belgrade, Serbia;
*Viinca Institute of Nuclear Sciences, Department of Atomic Physics, Belgrade, Serbia

SUMMARY

Introduction The aim of this study was to compare compressive strength (Cs) of new nanostructural calcium silicate
based cement (nCS) with commercial calcium silicate cement and conventional GIC.

Methods Four nanostructural materials were tested: nanostructural calcium silicate based cement (nCS) (Jokanovi¢ et
al.), MTA Plus (Cerkamed, Poland), Fuji IX (GC Corporation, Japan) and Ketac Universal Aplicap (3M ESPE, USA). Five
samples of each material were mixed in accordance with manifecturer’s guidelines and positioned in metal moulds
(@4mm and 6mm). Compressive strength (Cs) expressed in MPa was determined after 24 hours, 7 days and 28 days
respectively. Measurements were performed on universal testing equipment (Tinius Olsen, USA) at a crosshead speed
of Tmm/min. For processing the results one-way ANOVA and post-hoc test were used.

Results The highest values of compressive strength after 24h was found in conventional GIC Fuji IX (mean 38.56+13.31)
and Ketac Universal (mean 40.77+7.96). Calcium silicate cements after 24h showed low values of compressive strength
(MTA Plus 5.91+0.28 MPa, nCS 1.35+0.36 MPa). After 7 days, FUJI IX 47.42+9.33 MPa and Ketac Universal 35.25+10.60
MPa showed higher value of compressive strength than MTA Plus (15.09+2.77 MPa) and nCS (11.06+0.88 MPa). After
28 days the Cs value for conventional GIC Fuji IX was 48.03+7.82 MPa and Ketac Universal 36.65+11.13 MPa while for
calcium silicate cements it was 16.47+1.89 MPa and nCS 14.39+1.63 MPa. There was statistically significant difference
(p<0.05) in Cs between conventional GIC and CS cements after 24h, 7 and 28 days.

Conclusions Calcium silicate cements initially showed lower values of compressive strength than conventional GIC

that increased over time.

Keywords: calcium silicate cement; nanoparticle; glass ionomer cement; compressive strength

INTRODUCTION

Ideal material for root reparation should be able to close
communication between the root canal and surround-
ing tissue, is biocompatible, dimensionally stable and in-
soluble when in contact with tissue fluids. The material
is often placed in the root with an acidic environment,
frequently with bacterial inflammation; therefore low pH
level is an important factor that adds to the hardness and
other properties of the cement [1]. In the past, materials
such as calcium hydroxide, zinc oxide eugenol cements,
resin composites, glass ionomer cements have been used
for root canal perforation treatment but not all of them
meet criteria of an ideal material [2].

GIC are developed by combining two different ce-
ments: silicate and zinc polycarboxyilate cements [3].
Conventional GIC are made by an acid-base reaction of
glass ions with a water solution of polyacrylic acid. They
are considered potential biomaterials for orthopedic ap-
plication because of their ability to adhere to bone and
metals and good stability in wet environment. However,
lack of bioactive potential and poor mechanical charac-
teristics are some of the issues of this cement.

In the past few years, biocompatible calcium silicate
hydraulic cements have been introduced in endodontic
therapy. Mineral trioxide aggregate (MTA) is usually used
as biomaterial for root and functional perforation repara-
tion, as well as in other indications [4]. MTA is a bioactive
material that forms an apatite layer on its surface when
in contact with phosphates from tissue liquids but it also
forms hybrid layer between dentin and calcium silicate
materials [5]. It also releases some of its components in
phosphate saliva puffers that encourage biomineraliza-
tion processes [6]. There are number of calcium silicate
cements on the market with the goal to surpass the defi-
ciencies of the original formulation. MTA Plus is a nano-
structural MTA released in 2012, with shorter binding
time and lower concentration of heavy metals (up to 90%)
in its formulation.

Nanoparticles allow uniform and homogenous struc-
ture, as well as lower temperature release while hydrating
the cement (source: manufacturer). The use of nanoparti-
cles has become an important research aspect in dentistry,
with the focus on improving mechanical characteristics
and antibacterial effect of the particles. The size of nano-
material particles (<100nm) that is similar to the size of

Address for correspondence: Vanja OPACIC GALIC, School of Dental Medicine, Department for Restorative Dentistry and
Endodontics, Rankeova 4, 11 000 Belgrade, Serbia; vanja.opacic.galic@gmail.com
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Table 1. Force (N) needed to break samples after 24 h, 7 and 28 days

Tabela 1. Vrednosti sile (N) koje dovode do lomljenja uzorka posle 24 sata, 7 i 28 dana

24 hrs 7 days 28 days
24 sata 7 dana 28 dana
MAX MIN MEAN SD MAX MIN MEAN SD MAX MIN MEAN SD
nCS 24.05 12.15 1691 4.54 149.10 121.50 138.94 11.08 197.15 145.20 188.90 18.38
MTA 79.40 69.70 74.25 3.55 220.00 134.35 189.53 34.86 230.33 170.66 213.17 21.24
FUJI IX 675.17 289.33 484.37 167.13 688.00 423.67 595.00 116.70 543.30 321.83 512.67 87.90
KETAC 3M 593.17 399.00 512.07 99.96 569.17 234.00 442.77 133.09 569.00 224.00 381.17 125.00

biological molecules and structures (proteins, DNA, wa-
ter) indicates possible uses in biomedical researches.

Newly synthesized nanostructural material used in our
study uses tri-calcium and di-calcium silicates as a base.
This calcium silicate system is produced with hydrother-
mal sol-gel method and self-expanding burning reaction
[7], which secures its high activity and short bonding
time. The smallest parts of this system are about 19.9 nm
and show notable system activity [8, 9].

Compressive strength tests are used in dentistry for
simulations of masticatory forces that clinically affect res-
toration or materials for covering or replacing tissue. The
majority of masticatory forces are of compressive nature
and their exact value is hard to determine.

The aim of this study was to test the compressive
strength of a newly synthesized nanostructural CS ce-
ment and compare it to the commercial MTA Plus and
conventional GIC that are used in functional or crown
perforation reparations. The null hypothesis was that
there was no difference in compressive strength between
conventional and calcium silicate cements.

MATERIAL AND METHODS

Four cements were used in the research: nanostructural
calcium silicate system (nCS) (Jokanovic et al.) where 60%
of the total mass were B-CZS iCS phases, 20% calcium
carbonate and 20% BaSO, (Merck, Germany) as X-ray
contrast. Water/powder mixing ratio was 1:2; MTA Plus
(Cerkamed, Poland) hand mixed in the ratio 0,34g dis-
tilled water and 1gMTA powder; conventional GIC Fuji IX
(GC Corporation, Japan), by the product instructions me-
chanically mixed in capsules for 10 seconds in an amal-
gamator at 4500 rpm; and self-adhesive and self-bonding
GIC Ketak Universal Aplicap (3M ESP, USA), with glass
oxides and liquid component that consisted of copolymer
of acrylic and maleic acid and tartaric acid. As per man-
ufacturer’s instruction the capsules were mechanically
mixed for 10 seconds in an amalgamator at 4500 rpm.

Sample preparation

After mixing all materials were placed in two parted metal
moulds 4mm in diameter and 6mm tall and they were
condensed with a hand plunger, 5 samples for each mate-
rial. The samples were kept on 37°C in a steam bath for
24h, 7 and 28 days. All cylindrical samples were polished
with the finest abrasive paper and minimal pressure and

Table 2. Compressive strength (Cs) values (MPa) of the tested ma-
terials in the function of time
Tabela 2. Vrednosti kompresivne ¢vrsto¢e (MPa) testiranih mate-
rijala u funkciji vremena

24 hrs 7 days 28 days
24 sata 7 dana 28 dana
nCS 135+ 0.36 11.06 + 0.88 1439 + 1.63
MTA 591+0.28 15.09 + 2.77 16.47 + 1.89
FUJI IX 38.56 £ 13.31 47.42 +£9.33 48.03 £ 7.82
KETAC 3M 40.77 £ 7.96 35.25 + 10.60 36.65+ 11.13
60,00
— 50,00
&
£ 40,00 W
< , =4=—nCS
% 30,00 == MTA
A FUJLIX
g 20,00
3 =>=KETAC 3M
(]
£ 10,00
£
S 0,00
24 hrs 7 days 28 days

Figure 1. Compressive strength values (MPa) in the function of time
Slika 1. Vrednosti kompresivne ¢vrstoc¢e (MPa) u funkciji vremena

nCS - nanostructural calcium silicate cement
nCS - nanostrukturni kalcijum-silikatni cement

visually checked. Samples with visible structural damage
were eliminated from the study.

Compressive strength testing was done according to
international standard ISO 9917-1:2007 (Dentistry-water-
based cements- Part 1: powder/liquid acid-base cements)
using a universal test machine (Tinius Olsen, USA; 5KN)
at the speed of 1 mm/min along the longer axis of cy-
lindrical samples [10]. The force needed to break the
sample was noted and compressive strength in MPa was
calculated with the formula Cs= 4P/nd where P was the
maximum force needed to break the sample measured in
N, and d was the diameter in mm.

For processing the results one-way ANOVA and post-
hoc test was used. The level of significance was set at
p<0.05.

RESULTS

The results are showed in the Tables 1-2 and Figure 1.

The highest values of compressive strength after 24h were
shown by conventional GIC Fuji IX (mean 38.56+13.31)
and Ketac Universal (mean 40.77+7.96), but without sta-



tistical difference between them. Calcium silicate cements
showed low values of compressive strength (MTA Plus
5.91+0.28 MPa and nCS 1.35+0.36 MPa), without statis-
tical difference. A statistically significant difference was
noticed between GIC and CS cements (p<0.05).

After 7 days, the highest compressive strength value
was shown by FUJI IX 47.42+9.33 MPa and Ketak Uni-
versal 35.25+10.60 MPa, but without a statistically signifi-
cant difference between them. The compressive strength
of MTA Plus was 15.09+2.77 MPa and nCS 11.06+0.88
MPa, without statistically significant difference. There was
a statistically significant difference between conventional
GIC and CS cements (p<0.05).

After 28 days Cs value for conventional GIC Fuji IX was
48.03+7.82 MPa and Ketak Universal 36.65+11.13 MPa.
There was no statistically significant difference between
them. After four weeks, an increase in Cs value was no-
ticed in calcium silicate cements, MTA Plus 16.47+1.89
MPa, and nCS 14.39+1.63 MPa but without statistically
significant difference between them. Between the con-
ventional GIC and CS cements there was a statistically
significant difference (p<0.05).

DISCUSSION

Compressive strength is an indirect measure of bonding
and strength of the material [11, 12]. It is an important
property that may affect clinical performance [13]. This
factor plays an important role in the treatment of func-
tional perforations where cements are directly exposed to
occlusal forces [14].

In the literature, significant variations in measured
comprehensive strength have been reported as numerous
factors can affect it. The cylindrical shape of the samples
is convenient but sample surface perfection and intimate
contact between samples and testing machine is hard to
achieve [8]. Also, the size and shape of the samples, the
preparation of the samples and hydration time, water/
powder ratio, mixing technique, pressure while compact-
ing, as well as the moisture and temperature of the room
affect results [15, 16].

Conventional GIC are in wide use in clinical practice
as cements or restorative materials. Many researches have
been done with the goal to enhance mechanical and bio-
logical properties of GIC with incorporation of bioactive
ceramic particles, glass powder and similar. Adding Zn
has shown to have a stimulating effect on bone formation
in in vitro and in vivo conditions, as well as antibacte-
rial activity, similar to silver. Adding MgO increased cell
proliferation [3]. Titanium oxide is added because it is
chemically stable, biocompatible and has antibacterial
properties, and has shown significant activity against
Streotococcus mutans in nano-formulation [8].

It has been confirmed in our research, as well as by
other researchers, that cement reaction continues after
one day, because crosswise bonds are established in the
cement matrix [3]. Shiowaza [17] pointed out that ce-
ment maturation (acid-base reaction) is continued in the
first week that can be seen as an increase in compressive

Stomatoloski glasnik Srbije. 2018;65(1):7-13

strength and it is then stable for the next 12 months. These
results are consistent with the results of our research,
where there was no further compressive strength value
increase between 7 and 28 days.

Compressive strength is considered as one of the most
important physical properties of hydraulic cements and
itis in correlation with the degree of hydration [2], where
hydration reaction is the key for hardening of hydraulic
silicate cements.

Compressive strength of calcium silicate cements is
initially, after 24h low. Bonding and hardening of the hy-
draulic cements depends on the formation of the CSH gel
and ettringate (hydrated calcium sulfoaluminate) on the
nucleation points of calcium hydroxyl crystals [18]. The
presence or absence of these crystal formations (ettrin-
gate crystals) in different formulations of calcium silicate
cements is probable reason for different values of com-
pressive strengths between them [2]. In the ISO standard
compressive strengths are still not defined for pulp cover-
ing or perforation materials, there is only a suggestion that
materials are to be compared to the value of stress that
occurs during amalgam condensation [19]. After seven
days, the value of compressive strength of calcium silicate
cements increases, where Cs of nCS further increases even
after 28 days due to cement hydration.

The difference in compressive strength values between
materials with similar or even the same composition can
be explained by the size of the particles [11, 19], as well
as experimental conditions. That is how Akbari et al. [6]
found that the Cs of White MTA (Angelus, Brazil) was 1.16
MPa after 24h and 2.19 MPa after 7 days, while Natale
et al. [20] found Cs to be 18 MPa after 7 days. Noh et al.
[21] found that WMTA (ProRoot MTA) after 24h had an
average value of 19.41 and after 7 days 46.18 MPa, while
Basturk et al. [16] showed results as high as 84.17 MPa
after 4 days for ProRoot MTA. The microstructure and
homogenicity of the cement affect its strength because
finer particles have greater ability to absorb moisture.

Hand mixing of materials can result in inadequate
hydration due to the limited formation of micropores
inside the material that compromise water penetration
in the material. Mitchell and Douglas pointed out that
hand mixed cements have lower comprehensive strength
due to trapped air, while capsulated cements mixed in a
centrifuge have higher Cs [22, 16].

Nanostructural materials have particles that are not
over 100 nm in size (most often between 5 and 50 nm),
but therefore have up to ten times bigger surface area,
which stimulates greater ettringate crystal formation [23].
Nanostructures strive to solve one of the key problems
of endodontic cements like bonding time. Experiments
indicate that in almost all nano-powders kinetic absorp-
tion and desorption can be improved simply by reducing
the particle size [14].

Perfecting materials that can be used as biological
bone “substitutes” is currently one of the most valuable
and most active fields of biomaterial research. Biocom-
patibility and bioactivity of these materials secure the
interaction with biological systems. Bioactive materials
like calcium silicate cements, especially with nanostruc-

9
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ture, stimulate regeneration of damaged tissue, therefore
renewing the function of damaged tissue or organs [7].

CONCLUSION

The null hypothesis that there is no difference in Cs be-
tween conventional and calcium silicate cements is re-
jected. The compressive strength of conventional glass
ionomer cements was significantly higher after 24 h,
increased after 7 days and remained the same after 28
days. MTA Plus showed higher compressive strength after
24 h and 7 days than newly synthesized nanostructural
calcium silicate cement (nCS) but the values were similar
after 28 days. Compressive strength of calcium silicate ce-
ment grows with time and cement hydration.
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KRATAK SADRZA)

Uvod Cilj ovog rada je bio da se proveri kompresivna ¢vrstoc¢a (KC) novog nanostrukturnog kalcijum-silikatnog cementa (nCS) i
uporedi sa komercijalnim kalcijum-silikatnim cementom i konvencionalnim GJC u funkciji vremena.

Materijal i metod Testirana su Cetiri materijala — nanostrukturni CS (Jokanovi¢ i sar.), MTA Plus (Cerkamed, Poland), Fuji IX (GC
Corporation, Japan) and Ketac Universal Aplicap (3M ESPE, USA). Po pet uzoraka za svaki materijal je zames$ano po proizvodackom
uputstvu i postavljano u metalne kalupe (¢ 4 mm i 6 mm visoke). KC, izrazena u megapaskalima, merena je posle 24 sata i posle
7 i 28 dana na univerzalnoj test masini (Tinius Olsen, USA) sa brzinom utiskiva¢a od 1 mm/min. Dobijeni rezultati su statisticki
obradeni one-way ANOVA i post hoc Tukeys testovima.

Resultati Posle 24 sata najve¢u KC imao je FUJI IX (38,56 * 13,31 MPa), zatim Ketac Univerzal (40,77 = 7,96 MPa). Kalcijum-silikatni
cementi su pokazali nize vrednosti KC 24 sata posle me$anja i to MTA 5,91 0,28, a nCS 1,35 + 0,36 MPa. Posle sedam dana KC za
FUJI IX je bila 47,72 £ 9,33 MPa, a za Ketac Universal 35,25 + 10,60 MPa, dok je vrednost za MTA bila 15,09 + 2,77 MPa, a nCS 11,06
+ 0,88. Posle 28 dana KC za FUJI IX je bila 48,03 + 7,82 MPa, a za Ketac 36,65 + 11,13 MPa. KC kalcijum-silikatnih cemenata posle
28 dana je bila 16,47 + 1,89 za MTA, a za nCS 14,39 * 1,63 MPa, bez statisti¢i znacajne razlike izmedu njih. Izmedu konvencionalnih
GJC i CS cemenata postoiji statisti¢ki znacajna razlika (p < 0,05) posle 24 h, kao i posle 7 i 28 dana.

Zakljuéak Kalcijum-silikatni cementi su inicijalno pokazali nize vrednosti KC u odnosu na konvencionalne GJC, ali su se one pove-

¢avale u funkciji vremena.

Kljucne reci: kalcijum-silikatni cement; nanocestice; glasjonomer cement; kompresivna ¢vrstoca

uvoD

Idealan materijal za reparaciju o$te¢enja korena zuba treba
da omoguci zatvaranje komunikacije izmedu kanala korena
i okolnog tkiva, da je biokompatibilan, dimenziono stabilan i
nerastvorljiv u kontaktu sa tkivnim fluidima. Materijal se Cesto
plasira u koren, gde je kiselo okruzenje, a ¢esto i sa bakterijskom
inflamacijom, pa je nizak pH vazan faktor koji uti¢e na tvrdocu
i druga svojstva cemenata [1]. Dugi niz godina u terapiji per-
foracija kanala korena se koriste razli¢iti materijali kao $to su
kalcijum-hidroksid, cink-oksid eugenol cementi, kompozitne
smole, glasjonomer cementi, ali nijedan u potpunosti ne ispu-
njava zahteve idealnog materijala [2].

GJC su razvijeni iz kombinacije dva razlicita cementa: silikat-
nih i cink-polikarboksilatnih [3]. Konvencionalni GJC nastaju
acido-baznom reakcijom jona stakla sa vodenim rastvorom
poliakrilne kiseline i u Sirokoj su upotrebi u klinickoj praksi.
Smatraju se potencijalnim biomaterijalima za ortopedske apli-
kacije zbog njihove sposobnosti da adheriraju na kost i metale
i stabilnosti u vlaznoj sredini. Ipak, nedostatak bioaktivnog po-
tencijala i loSe mehanicke osobine jo$ su uvek neresivi.

Poslednjih godina se u endodontsku terapiju uvode izrazito
biokompatibilni kalcijum-silikatni hidrauli¢ni cementi. Mineral
trioksid agregat (MTA) uobicajeno se koristi kao biomaterijal
za reparaciju korenskih i furkacionih perforacija, ali i u drugim
indikacijama [4]. MTA je bioaktivan materijal koji na svojoj
povrsini formira apatitni sloj u kontaktu sa fosfatima iz tkivnih
te¢nosti, ali i hibridni sloj izmedu dentina i kalcijum-silikatnih
materijala [5]. On takode otpusta neke od svojih komponenti u
fosfatne pufere pljuvacke, ¢ime podsti¢e procese biomineraliza-
cije [6]. Na trzistu postoji ve¢i broj kalcijum-silikatnih cemenata
sa ciljem da se prevazidu neki nedostaci izvorne formulacije.
MTA Plus je nanostrukturni MTA predstavljen 2012. godine,
sa kra¢im vremenom vezivanja i smanjenjem sadrzaja teskih
metala (i do 90%) u svojoj formulaciji. Nanocestice omoguca-

vaju uniformnu i homogenu strukturu, kao i oslobadanje nize
toplote prilikom hidratacije cementa (izvor: proizvodac).

Upotreba nanopartikula je postala znacajan aspekt istrazi-
vanja u stomatologiji, sa fokusom na pobolj$anje mehanickih
osobina i antibakterijski efekat tih ¢estica. Sama veli¢ina ¢esti-
ca nanomaterijala (<100 nm), koja je sli¢na veli¢ini bioloskih
molekula i struktura (proteini, organele, molekul DNK i vode),
upucuje na mogucu primenu nanomaterijala u biomedicinskim
istrazivanjima.

Novosintetisani nanostrukturni materijal koris¢en u ovom
radu je na bazi trikalcijum i dikalcijum silikata. Ovaj kalcijum-
silikatni sistem je dobijen hidrotermalnom sol-gel metodom i
samosirecom reakcijom sagorevanja [7], $to mu je obezbedilo
visoku aktivnost i kratko vreme vezivanja. Najmanji deo ovog
sistema su kristaliti veli¢ine oko 19,9 nm, koji pokazuju znacaj-
nu aktivnost sistema.

Testovi kompresivne ¢vrstoce (KC) koriste se u stomatolo-
giji za laboratorijsku simulaciju stresa koji je posledica sila koje
klinicki deluju na restaurativne materijale, ili materijale za pre-
krivanje i nadoknadu tkiva. Ve¢ina mastikatornih sila su kom-
presivne prirode i njihovu ta¢nu vrednost je tesko utvrditi 8, 9].

Cilj ovog rada je bio da se proveri KC novosintetisanog na-
nostrukturnog CS cementa i uporedi sa komercijalnim MTA
Plus i najéesce kori§¢enim konvencionalnim GJC koji se koriste
u reparaciji furkacionih ili kruni¢nih perforacija. Nulta hipoteza
je da nema razlike u KC izmedu konvencionalnih i kalcijum-
silikatnih cemenata.

MATERIJAL | METOD

U istrazivanje su ukljucena Cetiri cementa:

Nanostrukturni kalcijum-silikatni sistem (nCS) (Jokanovi¢
i sar.) sadrzi 60% ukupne koli¢ine B-C,S i C,S faza, 20% kalci-
jum-karbonata i 20% BaSO, (Merck, Nemacka) kao rendgen
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kontrastno sredstvo. Prah je mesan sa destilovanom vodom u
odnosu 1:2 voda : prah.

MTA Plus (Cerkamed, Poljska) ru¢no je meSan u odnosu
0,34 g destilovane vode sa 1 g praha MTA.

Konvencionalni GJC Fuji IX (GC Corporation, Japan) — pre-
ma uputstvu proizvodaca mehanicki su mesane kapsule 10 sek.
u amalgamatoru na 4500 rpm.

Samoadhezivni i samovezuju¢i GJC Ketak Universal Apli-
cap (3M ESP, USA), sa oksidima stakla, a te¢tna komponenta je
kopolimer akrilne i malei¢ne kiseline i vinska kiselina. Prema
proizvodackom uputstvu kapsule su mehanicki mesane 10 sek.
u amalgamatoru na 4500 rpm.

Priprema uzoraka

Materijali su nakon mesanja plasirani u dvodelne metalne kalu-
pe promera 4 mm i visoke 6 mm, gde su kondenzovani ru¢nim
nabijacem, po pet uzoraka za svaki materijal. Uzorci su drzani
na 37 C u parnom kupatilu 24 sata, 7 i 28 dana. Svi cilindri¢ni
uzorci su polirani najfinijim abrazivnim papirom sa minimal-
nim pritiskom i vizuelno proveravani, a uzorci sa ostecenjima
u strukturi su odbaceni.

Testiranje KC testiranih materijala je sprovedeno u skladu
sa medunarodnim standardom ISO 9917-1:2007 (Dentistry-
water-based cements- Part 1: powder/liquid acid-base cements)
[10]. KC je testirana na univerzalnoj test masini (Tinius Olsen,
USA 5KN) sa brzinom utiskiva¢a od 1 mm/min. po duzoj osi
cilindri¢nog uzorka. Sila potrebna da polomi uzorak je belezena,
a KC izrazena u MPa je izratunavana po formuli Cs = 4P/nd?,
gde je P maksimalna sila potrebna da polomi uzorak izrazena
uN,ad je pre¢nik uzorka u mm.

Za obradu dobijenih rezultata kori$¢eni su one-way ANOVA
i post-hoc testovi. Nivo znacajnosti je odreden kao p < 0,05.

REZULTATI

Dobijeni rezultati su prikazani u Tabeli 1 2 i Grafikonu 1.

Najvece vrednosti KC posle 24 dana pokazali su konvenci-
onalni GJC FUJI IX (38,56 + 13,31) i Ketak Universal (40,77
+ 7,96), ali bez statisticke razlike. Kalcijum-silikatni cementi
su posle 24 sata pokazali niske vrednosti KC, MTA Plus 5,91 +
0,28 MPa, a nCS 1,35 + 0,36 MPa, bez statisticke znacajnosti.
Statisticki znacajna razlika je uocena izmedu konvencionalnih
GJCiCS cemenata (p < 0,05).

I posle sedam dana najvece vrednosti KC su pokazali FUJI IX
47,42 + 9,33 MPa i Ketak Universal 35,25 + 10,60 MPa, ali bez
statisticki znacajne razlike medu njima. KC MTA Plus je 15,09
+ 2,77 MPa, a nCS 11,06 + 0,88 MPa, bez statisticki znacajne
razlike izmedu njih. Izmedu konvencionalnih GJC i CS ceme-
nata postoji statisticki znac¢ajna razlika (p < 0,05).

Posle 28 dana uo¢ena je stagnacija vrednosti KC za konven-
cionalne GJC FUJI IX 48,03 + 7,82 MPa i Ketak Universal 36,65
+ 11,13 MPa. Nije bilo statisticki znacajne razlike izmedu GJC.
Posle &etiri nedelje uocava se porast vrednosti KC za kalcijum-
silikatne cemente, MTA Plus 16,47 + 1,89 MPa, a nCS 14,39 +
1,63 MPa, ali bez statisticki znacajne razlike izmedu njih. Iz-
medu konvencionalnih GJC i CS cemenata postoji statisticki
znacajna razlika (p < 0,05) i posle 28 dana.

DISKUSIJA

KC je indirektna mera vezivanja i ¢vrsto¢e materijala [11, 12]
i vazno je svojstvo koje moze uticati na klini¢ke performanse
materijala [13]. Ovaj faktor igra vaznu ulogu u tretmanu furka-
cionih perforacija, gde su cementi direktno izlozeni delovanju
okluzalnih sila [14].

U literaturi se uocavaju velike varijacije u rezultatima, jer
na njih uti¢u brojni faktori. Cilindri¢an oblik uzoraka je pogo-
dan, ali savr$enost povrsine uzoraka i intimni kontakt izmedu
uzorka i uredaja za testiranje je tesko posti¢i [8]. Osim toga, na
reprezentativnost rezultata utic¢u veli¢ina i oblik uzorka, pri-
prema uzorka i vreme hidratacije, odnos voda/prah, tehnika
mesanja, pritisak prilikom kompakcije, kao i vlaznost i tempe-
ratura prostorije [15, 16]. Ovi faktori uti¢u na fizicka svojstva
materijala, pa i na KC.

Konvencionalni GJC su u Sirokoj upotrebi u klinickoj praksi
kao cementi ili kao restaurativni materijali. Mnoga istrazivanja
su radena u cilju poboljsanja mehanickih i bioloskih osobina
GJC inkorporacijom bioaktivnih keramickih cestica, staklenog
praha i sl. Dodavanje Zn je pokazalo da ima stimulativni efe-
kat na formiranje kosti u in vitro i in vivo uslovima, kao i na
antibakterijsku aktivnost, sli¢no srebru. Dodavanje MgO je po-
boljsalo ¢elijsku proliferaciju [3]. Titanijum-dioksid se dodaje
jer je hemijski stabilan, biokompatibilan i ima antibakterijska
svojstva, a u nanoformulaciji je pokazao i znacajnu aktivnost
protiv Streptococcus mutansa [8].

U ovom radu je potvrdeno, kao i kod drugih istrazivaca,
da se cementna reakcija nastavlja i posle jednog dana, jer se
u cementnom matriksu odvijaju popre¢ne veze [3]. Shiozawa
[17] isti¢e da se maturacija cementa, odnosno acido-bazna re-
akcija nastavlja u prvoj nedelji, $to se ogleda u porastu KC, a
onda ostaje na tom nivou slede¢ih 12 meseci. Ovi nalazi su u
saglasnosti sa rezultatima ovog istrazivanja, gde izmedu 7 i 28
dana nije doslo do daljeg porasta vrednosti KC konvencionalnih
glasjonomer cemenata.

KC se smatra jednom od glavnih fizickih karakteristika hi-
drauli¢nih cemenata i u korelaciji je sa stepenom hidratacije [2],
a reakcija hidratacije je klju¢na za o¢vr$¢avanje hidrauli¢nih
silikatnih cemenata.

KC kalcijum-silikatnih cemenata je inicijalno, posle 24 sata,
niska. Vezivanje i ja¢ina hidrauli¢nih cemenata zavisi od formi-
ranja CSH gela i etringita (hidrirani kalcijum-sulfoaluminat) na
mestima nukleacije kalcijum-hidroksilnih kristala [18] (Oloo-
mi i sar. 2013). Prisustvo ili manjak ovih kristalnih formacija
(ettringite crystals) u razli¢itim formulacijama kalcijum-sili-
katnih cemenata su verovatno razlog nizih/razli¢itih vrednosti
KC medu njima [2]. U ISO standardu jo$ uvek nisu definisane
vrednosti KC za materijale za prekrivanje pulpe ili perforacija,
pa se sve svodi na preporuku da se materijali porede sa vred-
nostima stresa koji nastaje usled kondenzacije amalgama [19].
Posle sedam dana vrednosti KC kalcijum-silikatnih cemenata
izrazito se povecava, a kao posledica dalje hidratacije cementa,
KC nCS i dalje raste, posle 28 dana.

Razlike u vrednostima KC izmedu materijala koji imaju
sli¢an ili pak isti sastav moZe se objasniti razlikama u veli¢ini
Cestica [11, 19],kao i uslovima eksperimenta. Tako Akbari i sar.
(6] nalaze da je KC za White MTA (Angelus, Brazil) 1,16 MPa
posle 24 sata, a 2,19 MPa posle sedam dana, dok Natale i sar.
[20] nalaze da mu je KC posle sedam dana 18 Mpa. Noh i sar.



[21] nalaze da je WMTA (ProRoot MTA, USA) posle 24 sata
imao prose¢ne vrednosti 19,41, a posle sedam dana 46,18 MPa,
dok Basturk i sar. [16] iznose vrednosti i do 84,17 MPa posle
Cetiri dana za ProRoot MTA. Mikrostruktura i homogenost ce-
menta uti¢u na njegovu ¢vrstocu, jer sitnije Cestice imaju vecu
sposobnost apsorpcije vlage.

Ruc¢no mesanje i unosenje materijala takode moze uticati
na neadekvatnu hidrataciju zbog ograni¢enog formiranja mi-
kropora unutar materijala, $to kompromituje prodor vode u
hidrat materijala. Mitchell i Douglas isti¢u da ru¢no mesani
cementi imaju slabiju ¢vrstocu, zbog zarobljenog vazduha, dok
inkapsulirani cementi koji se mesaju i centrifugiraju imaju vecu
KC [22,16].

Nanostrukturni materijali imaju cestice koje ne prevazilaze
veli¢inu od 100 nm (najéesce izmedu 5 i 50 nm), ali zato imaju i
do deset puta ve¢u interaktivnu povrsinu, $to utice na povecano
formiranje etringit kristala [23]. Nanostrukture pokusavaju da
rese jedan od klju¢nih problema endodontskih cemenata kao
$to je vreme vezivanja. Eksperimenti ukazuju na to da kod prak-
ti¢no svih nanoprahova kinetika apsorpcije i desorpcije moze
biti unapredena jednostavno smanjenjem veli¢ine zrna [14].
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Usavrsavanje materijala koji bi mogli da se koriste kao bio-
loske ,,zamene* kosti danas je jedna od najznacajnijih i najak-
tivnijih oblasti istrazivanja biomaterijala. Biokompatibilnost i
bioaktivnost ovih materijala obezbeduje interakciju sa biolos-
kim sistemima. Bioaktivni materijali kakvi su kalcijum-silikatni
cementi, posebno sa nanostrukturom, stimuli$u regeneraciju
ostecenih tkiva, a time i obnavljanje funkcije o$tecenih tkiva
ili organa [7].

ZAKLYUCAK

Nulta hipoteza da nema razlike u KC izmedu konvencio-
nalnih i kalcijum-silikatnih cemenata je odbaéena. KC za
konvencionalne glasjonomer cemente je bila znacajno visa posle
24 sata, a rasla je posle sedam dana i ostala ista 28 dana. MTA
Plus je pokazao ve¢u KC posle 24 sata i sedam dana u odnosu
na novosintetisani nanostrukturni kalcijum-silikatni cement
(nCS), ali ove vrednosti su se izjednacile posle 28 dana. KC kal-
cijum-silikatnih cemenata znacajno raste u funkciji vremena i
sa hidratacijom cemenata.
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SUMMARY

Introduction Currently, one of the most important ecological issues is exposure to lead in environment, since it is a
metal with evident toxic effects on human organism. Hard dental tissues are suitable structures for assessing long-term
effects of exposure to toxic metals.

The aim of this paper was to determine the concentration of lead in hard dental tissues of a rat with experimentally
induced DM using SEM/EDS analysis, after 14 and 30 days of exposing animals to lead.

Material and methods The study was conducted in rats of Wistar strains divided into the three groups. The first group
consisted of 8 rats (128 molars and premolars of the upper and lower jaws) with experimentally induced DM, taking
lead in the course of 14 days at the concentration of 1500 ppm; the second group included 8 rats (128 molars and
premolars of the upper and lower jaws) taking lead in the course of 30 days at the concentration of 1500 ppm, while
the third control group consisted of 5 healthy rats (80 molars and premolars of the upper and lower jaws). Experimen-
tal animals received lead-acetate every day at the concentration of 1500 ppm via water ad libitum. In these animals,
diabetes mellitus was induced by Alloxan. The teeth samples were analysed using scanning electron microscopy (SEM).
EDS analysis determined the mass fraction of lead and other elements in hard dental tissues.

Results No lead was detected in a single tooth layer in the teeth of rats that received lead in drinking water in the
course of 14 days. The average values of the mass fraction of lead, calcium, and phosphorus in enamel of teeth of rats
receiving lead in the course of 30 days amounted to: lead 0.36%, calcium 15.48%, and phosphorus 10.62%. Lead was
registered only in enamel.

Conclusion Lead was detected in enamel only in rats receiving lead in the course of 30 days while it was not detected

in teeth after the course of 14 days.
Keywords: lead; enamel; dentin; SEM/EDS analysis

INTRODUCTION

Hard dental tissues consist of several different miner-
als that together with calcium represent major macro-
mineral and therefore represent ideal tissues for assesing
the long-term effects of exposure to toxic metals [1,2, 3].
Exposure to lead is significant health problem in many
countries because it is associated with the impact on gen-
eral health (anemia, hypertension), or the pathology of
bones and teeth, including dental caries [4, 5, 6].
Although lead levels in hard dental tissues are useful
indicators of lead exposure, information on its time ef-
fects and lead compounds in dental tissues is very lim-
ited. Some studies have shown that the influence of lead
on developing teeth does not have to be related only to
its cytotoxic effects but also to interaction with proteins
and enzymes of extracellular matrix. It has also been con-
firmed that the pulp metabolism is significantly delayed
in some metabolic disorders such as diabetes [7, 8].
There are reports in the literature indicating that the
presence of lead in chemical composition of enamel
can alter its ultrastructure and lead to its damage. Thus,
Gomes et al. in their study found in pre-school children’s

teeth, who lived in the industrial city area, higher lead
concentration in enamel than in children who lived out-
side this area [9]. Data from ancient populations revealed
high prevalence of hypoplastic enamel with high levels of
lead in bones and teeth. Correlation between the presence
of lead in dental tissues and clinical alteration of enamel
was noticed in the form of discoloration. An increase of
enamel hypoplasia has been confirmed in children ex-
posed to high lead concentrations [10, 11, 12].

In vitro studies have shown that the presence of lead
during amelogenesis can lead to ultrastructural altera-
tions of enamel associated with modifications in physico-
chemical relationship and making enamel more sensitive
to demineralization [13]. It has been found that the con-
tent of metal in teeth (in the population in areas polluted
with lead) was associated with an increased incidence of
caries lesions. However, the correlation between the in-
fluence of lead and development of dental caries in hard
dental tissues is still subject of numerous studies [14].

Moss et al. confirmed correlation between lead expo-
sure during dentin formation and increased caries preva-
lence [15],and Martin et al. found that lead affects forma-
tion of caries but only in deciduous teeth [16]. Gomes et
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al. investigated association between lead concentrations
in deciduous teeth enamel and found no connection be-
tween lead and dental caries in children’s teeth living in
industrial zone [9].

Ceni¢-Milosevi¢ et al. examined correlation between
the concentration of lead in extracted teeth of the inhab-
itants of Pancevo and Belgrade (among members of dif-
ferent age groups) and concluded that one of the possible
causes of tooth loss and damages caused by caries was
long-term exposure to lead [17]. Barmes and Ludmgh
found correlation of lead concentration in the teeth and
tooth decay, and concluded that subjects with high lead
concentration had more teeth with dental caries. It has
also been confirmed that lead, as a cytotoxic agent, can
have an effect on ameloblasts, i.e. an alteration in the
amount of proteins and delay in amelogenesis [18]. Ger-
lach et al. concluded that lead increases the concentration
of proteins and slows down enamel mineralization of inci-
sors of rats that consumed water contaminated with lead
[19]. Tvinnereim et al. found association between lead ex-
posure during dentin formation and increased sensitivity
to caries in rats’ teeth [20].

The aim of this paper was to determine using SEM/
EDS analysis the concentration of lead in hard dental tis-
sues of rats with experimentally induced DM after 14 and
30 days of animal exposure to lead.

MATERIAL AND METHODS

Wistar strain rats (21) and 336 teeth were selected for
the experiment due to similarities in the physiology of
dental pulp of rats and pulp physiology of human teeth.
The study was approved by the Ethics Committee of the
Institute of Dentistry of the Faculty of Medicine in Banja
Luka. All rats were divided into the two groups: the first
group consisted of 8 rats (128 molars and premolars of the
upper and lower jaws) with experimentally induced DM
taking lead in the course of 14 days at a concentration of
1500 ppm. The second experimental group consisted of
8 rats (128 molars and premolars of the upper and lower
jaws) taking lead in the course of 30 days at a concentra-
tion of 1500 ppm. The control group consisted of 5 healthy
rats (80 molars and premolars of the upper and lower
jaws). The protocol of experimenatly induced diabetes
mellitus in rats included the use of Alloxan solution which
was applied intraperitoneally and the protocol for lead
intoxication included the intoxication of adult rats using
lead - acetate at the concentration of 1500 ppm via water
ad libitum. All animal procedures, nurturing, experimen-
tal treatments, sacrificing without pain and stress were
conducted in accordance with the guidelines for the care
of animals used for experimental research (,,Guide for
the Care and Use of Laboratory Animals®, 1996 National
Academy Press, Washington, DC). After decapitation, up-
per jawbones of rats were separated from soft tissues and
stored in fixative (10% neutral buffered Formalin) and
then prepared for the SEM-EDS analisys. The tooth sam-
ples were cut and polished with a diamond disc through
the middle of the tooth in the medio-distal direction in
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order to expose the cross-section of the enamel zone and
dentine mass. Recording and analyses were performed us-
ing the Scanning electron microscope (JEOL JSM 6460LV)
and connected OXFORD INCAx-sight spectrum analyzer.
For the purposes of this analysis, images were obtained
using Back-scatter or Primary emissions of reflected elec-
trons in Compo mode (BEIc), as it proved to be the most
useful emphasizer of the enamel zone and dentine mass.
The samples were observed at an acceleration of 20kV
at a working distance (WD) of 10 mm, at the angle of
incidence that was suitable for the inclination of polished
surface of premolars and molars. The general image was
given in clear magnification of 35x, and for the purposes
of more precise EDS analysis, the magnification of 100x
was used. The obtained results were analysed and pro-
cessed statistically.

RESULTS

Table 1 shows the average values of the mass fraction of
phosphorus, calcium, and lead in the teeth parts of all
examined groups. The average values of the mass frac-
tion of phosphorus in the teeth of the rats receiving lead
in the course of 14 days was highest in the area of enamel
- dentine junction (15.61%), dentin (13.96%) and the low-
est values were in enamel (13.92%). In the rats receiving
lead in the course of 30 days, the highest mass fraction
was found in dentin (13.96%), then in enamel - dentin
junction (21.91%), and the lowest in enamel (10.62%).

The highest average values of calcium, in teeth of the
rats receiving lead through drinking water in the course of
14 days, were in enamel — dentin junction (25.66%), then
in enamel (23.28%), and the lowest in dentin (22.35%). In
the rats receiving lead in the course of 30 days, the mass
fraction was 20.13% in the area of enamel - dentin junc-
tion, 15.48% in enamel, and 21.74% in dentin.

No lead was detected in any of the tooth layers in the
teeth of rats receiving lead through drinking water in the
course of 14 days. It was detected only in enamel of rats
receiving lead in the course of 30 days (0.36).

Analysis of the obtained values of the mass fraction
of certain elements in enamel indicated statistically sig-
nificant difference only in the values of calcium (p<0.05).
Also, lower values were recorded in the group of rats re-
ceiving lead through drinking water in the course of 14
days compared to the group of rats receiving lead in the
course of 30 days. There was no statistically significant
difference in the mass fraction of other elements (Table
1, Figure 1).

The relation between obtained values of the mass frac-
tion of examined elements in all tooth parts was estimated
by the Spearman’s correlation coefficient. Statistically sig-
nificant negative correlation between the mass fraction
of calcium and mass fraction of lead was found, as well
as statistically significant positive correlation with the
mass fraction of phosphorus. The existence of statisti-
cally significant negative correlation between the mass
fraction of lead and mass fraction of calcium was also
found (Table 2).
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Table 1. The average values of the mass fraction of certain elements in hard dental tissues in the examined groups
Tabela 1. Prosecne vrednosti masenog udela pojedinih elemenata u delovima zuba kod ispitivanih grupa

Group
Hard dental Grupa
tissue Pb 14 days Pb 30 days
Deo zuba Pb 14 dana Pb 30 dana
N X SD Med Min Max N X SD Med Min Max
E".SS"E' 12 13.92 3.39 14.66 8.14 19.22 7 1062 | 449 10.90 136 1451
ED)
11 15.61 2.40 1587 | 1024 | 1877 8 1291 454 1343 | 350 1823
. |GDG
;f Dentin 12 1395 | 213 13.86 | 1055 | 17.40 6 1395 | 306 1450 | 9.08 17.10
Pulp
0 1 16555 1655 | 1655 | 1655
Pulpa
Total
35 1446 | 274 1468 | 814 1922 2 1263 | 4418 13.43 136 1823
Ukupno
Erl‘::j“el 12 2328 568 2302 | 1437 | 3176 7 15.48 8.26 17.10 67 25.88
ED)
11 2566 | 435 | 2528 | 1598 | 3173 8 2013 | 1082 | 2072 192 | 3740
S GDG
R | Dentin 12 2235 | 452 | 2311 | 1469 | 27.79 6 2174 | 849 | 2165 | 970 | 3357
=
Pulp 0 1 29.10 2910 | 2910 | 29.10
Pulpa
Total
35 23.71 496 | 2486 | 1437 | 3176 2 1950 | 933 1938 67 37.40
Ukupno
Enamel 12 00 .00 .00 .00 .00 7 36 62 .00 .00 130
Gled
ED) 11 00 00 00 00 00 8 00 00 00 00 00
o |GDG : : : : : : : : : :
R | Dentin 12 00 00 00 00 00 6 00 00 00 00 00
=
Pulp 0 1 00 . 00 00 00
Pulpa
Total 35 .00 .00 .00 .00 .00 2 11 37 .00 .00 130
Ukupno

EDJ - enamel-dentin junction
GDG - gledno-dentinska granica

40.00

30.00 —I—

20.00

Wt% Ca

10.00

.00

Pb 14 dana Pb 30 dana

Grupa

Figure 1. Mass fraction of calcium in enamel in the examined
groups
Slika 1. Maseni udeo kalcijuma u gledi u ispitivanim grupama

DISCUSSION

Although the level of lead in hard dental tissues is use-
ful indicator of lead exposure, information on its effects
is very limited. Some heavy metals can replace calcium
in hydroxyapatite crystals, and therefore the assessment
of lead levels in the tooth should not be based solely on
the absolute content of this metal, but also its relation to
calcium. The aim of one of the more recent studies was
to examine the presence of cadmium and lead in decidu-
ous teeth in children suffering from celiac disease and

Table 2. Spearman’s correlation coefficient of the mass fraction of
certain elements in hard dental tissues

Tabela 2. Spirmanov koeficijent korelacije masenih udela pojedinih
elemenata u tvrdim zubnim tkivima

:g;;:r:::\'/sk':)he?icijent Lol pese RRESED
Ro 1.000 927 -.249
Wt% P P . .000 .062
N 57 57 57
Ro 927** 1.000 -272*
Wt% Ca P .000 . .040
N 57 57 57
Ro -.249 -272* 1.000
Wt% Pb P .062 .040
N 57 57 57

** Correlation is statistically significant at the probability level of 0.01
** Korelacija je statisti¢ki zna¢ajna na nivou verovatnoce od 0,01
* Correlation is statistically significant at the probability level of 0.05
* Korelacija je statisticki znacajna na nivou verovatnoce od 0,05

food allergy in the industrial areas of Polland. Using flame
atomic absorption spectrophotometry, it was confirmed
that these metals were mainly accumulated in deciduous
teeth. It has also been observed that toxic heavy metals in
teeth remained in a dynamic balance with normal tooth
formation, i.e. that they were replaced by calcium in hy-
droxyapatite crystals [1-4, 15]. Orzechowska-Wylegala
et al. came upon similar results. They found significantly



higher percentage of lead and cadmium compared to
calcium in deciduous teeth of children with celiac dis-
ease and food allergies compared to the teeth of healthy
children [21].

In their study, Malara et al. examined the content of
lead and cadmium from tobacco smoke in deciduous
teeth of children, whose parents were smokers, in rela-
tion to calcium using the method of atomic absorption
spectrophotometry. The study found that toxic heavy
metals accumulated in the teeth remained in a dynamic
balance with normal tooth content (heavy metals replaced
calcium in hydroxyapatite crystals) [22].

The results of these studies indicate that lead can re-
place calcium in hydroxyapatite crystals, which is consis-
tent with the findings of our study. Analysing the obtained
values of the mass fraction of certain elements it was no-
ticed that the highest average value of calcium in the rats’s
teeth receiving lead through drinking water in the course
of 14 days was in the area of enamel-dentin junction,
then in enamel, and the lowest was in dentin. The lowest
average value of calcium in the teeth of rats receiving lead
in the course of 30 days was in the area of enamel-dentin
junction. Lead in the teeth of rats who received it in the
course of 30 days was observed in enamel only, indicat-
ing possibility of replacing calcium by lead in the area of
enamel-dentin junction and enamel.

Liu et al. who analyzed the mass fraction of elements
in enamel and dentin using induced mass spectrometry
reported similar results. The samples were human teeth
(third molars) collected in ambulances in Taiwan. The
obtained results showed detected P in enamel with the
mass fraction of 2.19%, Ca (27.91%), and Pb (0.72), and
the concentrations of P, Ca and Pb were higher in dentin
than enamel. Also, Ca/P ratio was constant [23].

The results of our study and the values of the mass
fractions of P, Ca and Pb are consistent with the study
conducted by Arora et al. where decreased mass fraction
of Ca (24.35%) and P (12.41%) were found in the teeth
of patients exposed to lead. They concluded that the con-
centration of lead in enamel and dentin has been increas-
ing over the years, indicating that teeth can be realiable
biomarker of lead contamination [24].

In our study, the SEM analysis protocol was performed
on the same segments of all teeth (enamel, enamel-dentin
junction and dentin) and lead was not detected in sig-
nificant concentration. In the experimental groups, such
alterations can be explained by the presence of carious
lesions or the enamel defects with accumulated lead, de-
tected in the surface parts of enamel.

The study of Bercovitz et al. included the analysis of
the presence of lead in the teeth of children and adults
using atomic absorption spectrophotometry, indicating
higher lead concentration in children’s teeth [25]. Youra-
vong et al. examined enamel and dentin in children with
high lead concentration in blood using the secondary ion
mass spectrometry (SIMS) and x-ray microanalysis. These
methods confirmed higher lead concentration in the area
between dentin and pulp. X-ray microanalysis could not
detect lead while the secondary ion mass spectrometry
detected it in dentin near the border with pulp. SEM
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analysis with multi-element detectors is also a reliable
method that can be effective in conventional chemical
testing since it does not require standard protocols for
sample preparation and it is faster [10].

Anttila examined lead concentration in enamel of de-
ciduous incisors of children in Finland, Askola, a rural
area, rich in radon. The study utilized Proton Induced
X-rays, and the results showed that lead concentration
(8.8+/-6.6 ppm) in enamel was similar to those found
in other areas of Finland, indicating that radon does not
cause significant increase in lead levels in enamel [26].

The results of these studies are consistent with the
results obtained by Appleton, who examined lead con-
centration in rats’s teeth using the SEM analysis. X-ray
analysis showed the localization of lead in the form of,
so-called, lead line as well as rapid drop of intracellular
calcium that was replaced by lead ions [27]. Some studies
reported similar results when administering an intrave-
nous lead-acetate injection to mice caused response in
dentin by forming so-called lead lines. This was associated
with rapid but temporary increase in serum calcium and
phosphorus due to the fact that lead replaced calcium and
phosphorus in hydroxyapatite crystals [25, 10].

In our study, phosphorus was detected by SEM analy-
sis and the analysis of the obtained results showed that
phosphorus could have been replaced by lead, in addition
to calcium, in hydroxyapatite crystals.

Issa’s results showed that lead was detected in all molars
from the experimental group. Higher lead concentration
was found close to gingival part of the tooth than occlusal
part, with a significant decrease in calcium concentration.
These results are consistent with other studies that also
have shown lower lead concentration in enamel. It should
be emphasized that experimental animal species (rats) in
the study by Issa et al. were given lead in the course of 60
days (30 mg / L) through drinking water and the rats in
our study were given lead-acetate at the concentration of
1500 ppm (in water ad libitum) in a much shorter period.
Much lower values of the mass fraction of lead and solely
in the enamel also explain this [28].

Results that were not consistent with ours are the find-
ings of Grobler et al. who examined pregnant female rats
who received lead through drinking water during preg-
nancy and during lactation. Lead concentration in molars
was tested by the atomic absorption spectrophotometry.
It was found that the highest embedded concentration
of lead in dental tissues was in females who drank water
with the highest lead concentration. However, this re-
search was conducted by applying high concentrations
of lead in water that does not normally happen in the
nature [29].

CONCLUSION

Based on the obtained results of this study, it can be con-
cluded that the mass fraction of lead in the teeth of rats
who received lead in the course of 30 days, was detected
only in enamel, while lead in the teeth of rats who re-
ceived lead in the course of 14 days was not detected in
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any tooth structure. The mass fraction of calcium and
phosphorous in enamel of rats who received lead in the
course of 30 days was lower than in rats receiving lead in
the course of 14 days.
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KRATAK SADRZA)

Uvod Izlozenost olovu u Zivotnoj sredini je danas jedna od vaznijih ekoloskih tema, s obzirom na to da se radi o metalu sa izrazitim
toski¢nim efektima na ljudski organizam. Cvrsta tkiva zuba predstavljaju dobre strukture za procenu dugoro¢nih efekata izlaganja
toksi¢nim metalima.

Cilj ovog rada je bio da se SEM/EDS analizom odredi koncentracija olova u tvrdim zubnim tkivima pacova sa eksperimentalno
izazvanim DM-om, nakon 14 i 30 dana izlaganja zivotinja olovu.

Materijal i metode Istrazivanje je sprovedeno kod pacova soja Vistar podeljenih u tri grupe. Prvu grupu je ¢inilo osam pacova (128
molara i premolara gornje i donje vilice) sa eksperimentalno izazvanim DM-om koji su uzimali olovo tokom 14 dana u koncentra-
ciji od 1500 ppm, drugu grupu osam pacova (128 molara i premolara gornje i donje vilice) koji su uzimali olovo tokom 30 dana u
koncentraciji od 1500 ppm, dok je trecu kontrolnu grupu cinilo pet zdravih pacova (80 molara i premolara gornje i donje vilice).
Eksperimentalne Zivotinje su svakog dana dobijale olovo-acetat u koncentraciji od 1500 ppm putem vode ad libitum. Dijabetes
melitus kod ovih Zivotinja je indukovan aloksanom. Uzorci zuba su analizirani skening elektronskom mikroskopijom (SEM). EDS
analizom je odreden maseni udeo olova i ostalih elemenata u tvrdim zubnim tkivima.

Rezultati U zubima pacova koji su dobijali olovo u vodi za pic¢e tokom 14 dana nije detektovano olovo ni u jednom sloju zuba.
Prosecne vrednosti masenih udela olova, kalcijuma i fosfora u gledi zuba pacova koji su dobijali olovo 30 dana iznosile su: za olovo
0,36%, za kalcijum 15,48% i za fosfor 10,62%. Olovo je registrovano samo u predelu gledi.

Zakljucak Olovo je detektovano u zubima pacova koji su dobijali olovo toko 30 dana i to samo u gledi, dok olovo u zubima pacova

koji su ga dobijali u vodi za pice tokom 14 dana nije detektovano ni u jednom sloju zuba.

Kljucne reci: olovo; gled; dentin; SEM/EDS analiza

uvoD

Cvrsta zubna tkiva se sastoje od nekoliko razli¢itih minerala
koji sa kalcijumom predstavljaju glavni makromineral pa zato
predstavljaju idealna tkiva za procenu dugoro¢nih efekata izla-
ganja organizma toksi¢nim metalima [1, 2, 3].

Izlozenost olovu je danas znacajan zdravstveni problem u
mnogim zemljama jer je ono povezano sa uticajem na opste
zdravlje (anemija, hipertenzija), odnosno na patologiju kostiju
i zuba, uklju¢ujudi pre svega karijes zuba [4, 5, 6].

Tako su nivoi olova u tvrdim zubnim tkivima korisni poka-
zatelji izloZenosti olovu, informacije o njegovom vremenskom
delovanju i jedinjenjima olova u tkivima zuba su vrlo ograni-
¢ene. U nekim studijama se pokazalo da uticaj olova na zube u
razvoju ne mora biti povezan samo sa njegovim citotoksi¢nim
efektima ve¢ i sa medusobnom interakcijom sa proteinima i
enzimima ekstracelijskog matriksa. Potvrdeno je takode da je
metabolizam pulpe znacajno usporen u nekim metabolickim
oboljenjima, kao $to je dijabetes (7, 8].

Postoje izvestaji u literaturi koji ukazuju na to da prisu-
stvo olova u hemijskom sastavu gledi moze promeniti njego-
vu dentalnu ultrastrukturu i dovesti do o$tecenja gledi. Tako
je i Gomes sa saradnicima u svojoj studiji utvrdio u zubima
predskolske dece koja su Zivela u industrijskoj oblasti grada
vece koncentracije olova u gledi nego kod dece koja su zivela
van ove oblasti [9].

Podaci drevnih populacija otkrili su visoku rasprostranjenost
defekata hipoplasti¢ne gledi kod populacije koja je imala visoke
nivoe olova u kostima i zubima. Uocena je povezanost izmedu
prisustva olova u dentalnom tkivu i klini¢kih promena u gledi u

vidu diskoloracije i potvrdeno da je hipoplazija gledi pove¢ana
kod dece izlozene visokim koncentracijama olova [10, 11, 12].

In vitro studije su pokazale da prisustvo olova u toku ame-
logeneze moze dovesti do ultrastrukturnih promena gledi, koje
mogu biti povezane sa modifikacijama u fizi¢ko-hemijskom od-
nosu i time gled uéiniti osetljivijom na demineralizaciju [13].

Jedno od istrazivanja je pokazalo da je sadrzaj metala u zu-
bima (kod stanovnistva u oblastima zagadenim olovom) pove-
zan sa pove¢anom incidencom karijesa. Medutim, povezanost
uticaja olova i nastanka karijesa u tvrdim zubnim tkivima jos
uvek je predmet brojnih istrazivanja [14].

Moss i saradnici su potvrdili povezanost izmedu izloZenosti
olova u vreme obrazovanja dentina i povecane zastupljenosti
karijesa [15], a Martin i saradnici su zaklju¢ili da olovo utice
na nastanak karijesa samo kod mle¢nih zuba [16]. Gomes i sa-
radnici su procenjivali povezanost izmedu koncentracije olova
u gledi mle¢nih zuba i nisu pronasli povezanost izmedu olova i
dentalnog karijesa kod dece u industrijskoj zoni [9].

Ceni¢-Milosevi¢ i saradnici su pokusali da utvrde korelaciju
izmedu koncentracije olova u izvadenim zubima stanovnika
Panceva i Beograda (kod pripadnika razli¢itih starosnih gru-
pa) i zakljulili da je jedan od moguéih uzroka gubitka zuba i
karijesnih o$tecenja upravo dugotrajna izloZenost olovu [17].

Barmes i Ludmgh su ustanovili korelaciju koncentracije
olova u zubima i zubnog kvara, i zaklju¢ili da su ispitanici sa
visokim koncentracijama olova imali ve¢i broj karijesnih zuba.

Potvrdeno je takode da olovo kao citotoksi¢ni agens moze
dovesti do uticaja na ameloblaste, to jest promena u koli¢ini
proteina i kasnjenja u amelogenezi [18].
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Gerlach i saradnici su zakljucili da olovo povecava koncen-
traciju proteina, a usporava mineralizaciju gledi kod sekutica
pacova koji su pili vodu sa prisutnim olovom [19].

Tvinnereim i saradnici su uocili vezu izmedu izlaganja olovu
u trenutku formiranja dentina i pove¢anja osetljivosti na karijes
kod zuba pacova [20].

Osnovni cilj ovog rada je bio da se SEM/EDS analizom odre-
di koncentracija olova u tvrdim zubnim tkivima pacova sa ek-
sperimentalno izazvanim DM-om, nakon 14 i 30 dana izlaganja
Zivotinja olovu.

MATERIJAL | METOD RADA

Za uzorak su odabrani pacovi soja Vistar, zbog velike sli¢nosti
u fiziologiji pulpe zuba pacova sa fiziologijom pulpe humanih
zuba. U eksperiment je ukljucen 21 laboratorijski pacov soja
Vistar, odnosno 336 zuba. Studija je odobrena od strane Eti¢-
kog komiteta Zavoda za stomatologiju Medicinskog fakulteta
u Banjaluci. Eksperimentalne grupe pacova su podeljene u dve
grupe: prvu grupu je ¢inilo osam pacova (128 molara i premola-
ra gornje i donje vilice) sa eksperimentalno izazvanim DM-om
koji su uzimali olovo tokom 14 dana u koncentraciji od 1500
ppm. Drugu eksperimentalnu grupu je ¢inilo osam pacova (128
molara i premolara gornje i donje vilice) koji su uzimali olovo
tokom 30 dana u koncentraciji od 1500 ppm. Kontrolnu grupu
je ¢inilo pet zdravih pacova (80 molara i premolara gornje i
donje vilice). Protokol eksperimentalno indukovanog dijabetes
melitusa kod pacova je ukljucivao primenu rastvora aloksan,
koji je aplikovan intraperitonealno, a protokol za intoksikaciju
olovom je obuhvatao intoksikaciju adultnih pacova olovnim
acetatom u koncentraciji od 1500 ppm putem vode ad libitum.
Sve procedure na Zivotinjama, negovanje, eksperimentalni
tretman, Zrtvovanje bez bola i stresa izvedeni su u skladu sa
Smernicama za brigu o Zivotinjama u eksperimentalnim istrazi-
vanjima (Guide for the Care and Use Laboratory Animals, 1996
National Academy Press, Washington, DC). Nakon dekapitacije,
gornjovili¢ne kosti pacova su odvajane od mekih tkiva, pohra-
njene u fiksativ (10% neutralni puferovani formalin) i potom su
u uzorku zuba pripremljeni za SEM/EDS analizu. Uzorci zuba
su seceni i polirani dijamantskim diskom kroz sredinu zuba u
mediodistalnom smeru kako bi se eksponirao poprecni pre-
sek zone gledi i dentinske mase. Snimanje i analize su uradeni
na Skening elektronskom mikroskopu (JEOL JSM 6460LV) i
priklju¢enom OXFORD INCAx-sight spektralnom analizatoru.
Za potrebe ove analize slike su dobijene Back-scatterovanom
ili Primarnom emisijom odbijenih elektrona u Compo modu
(BEIc) jer se pokazalo da najkorisnije istice zone gledi i den-
tinske mase. Uzorci su posmatrani pri ubrzanju od 20kV na
radnoj distanci (WD) od 10 mm i pod upadnim uglom koji
je bio primeren nagibu polirane povrsine premolara i molara.
Opsti snimak dat je u preglednom uvecanju 35x, a za potrebe
preciznije EDS analize upotrebljeno je uve¢anje 100x. Dobijeni
rezultati su analizirani i statisticki obradeni.

REZULTATI

U Tabeli 1 prikazane su prose¢ne vrednosti masenih udela fos-
fora, kalcijuma i olova u delovima zuba kod svih ispitivanih

grupa. Prose¢ne vrednosti masenih udela fosfora u zubu pacova
koji su dobijali olovo 14 dana bila je najveca u predelu gledno-
dentinske granice (15,61%), potom u predelu dentina (13,96%)
anajmanja u predelu gledi (13,92%). Kod pacova koji su dobijali
olovo 30 dana najve¢i maseni udeo je uocen u dentinu (13,96%),
zatim u oblasti gledno-dentinske granice (21,91%),a najmanja
u gledi (10,62%).

Prosec¢ne vrednosti udela kalcijuma u zubima pacova koji
su dobijali olovo u vodi za pice tokom 14 dana bila je najveca
u predelu gledno-dentinske granice (25,66%), potom u gledi
(23,28%) i najmanja u dentinu (22,35%). Kod pacova koji su
dobijali olovo 30 dana maseni udeo u oblasti gledno-dentin-
ske granice je iznosio 20,13%, u gledi 15,48%, dok je u dentinu
iznosio 21,74%.

U zubima pacova koji su dobijali olovo u vodi za pic¢e tokom
14 dana nije detektovano olovo ni u jednom sloju zuba. Kod
pacova koji su dobijali olovo 30 dana, ono je bilo detektovano
samo u gledi (0,36).

Analiza dobijenih vrednosti masenog udela pojedinih ele-
menata u gledi je ukazala da postoji statisticki znacajna razlika
jedino u vrednostima kalcijuma (p < 0,06). I ovde su manje
vrednosti zabeZene u grupi pacova koji su dobijali olovo u vodi
za pice tokom 14 dana u odnosu na grupu pacova koji su dobi-
jali olovo tokom 30 dana. U masenim udelima ostalih elemenata
nije dobijena statisti¢ki znac¢ajna razlika (Tabela 1, Slika 1).

Povezanost dobijenih vrednosti masenog udela pojedinih
elemenata u odredenim delovima zuba procenjivana je Spiro-
manovim koeficijentom korelacije. Uo¢eno je da postoji sta-
tisticki znacajna negativna korelacija izmedu masenog udela
kalcijuma i masenih udela olova i statisticki znacajna pozitivna
korelacija sa masenim udeom fosfora. Takode je uoceno da po-
stoji statisticki znacajna negativna korelacija izmedu masenog
udela olova i masenog udela kalcijuma (Tabela 2).

DISKUSIJA

Iako je nivo olova u tvrdim zubnim tkivima koristan pokazatelj
izlozenosti olovu, informacije o njegovim efektima u tkivima zuba
su vrlo ogranicene. Pojedini teski metali mogu zameniti kalcijum
u kristalima hidroksiapatita pa se zato i procena nivoa olova u
zubu ne bi smela bazirati samo na apsolutnom sadrzaju ovog
metala ve¢ i na njegovom odnosu prema kalcijumu. Jedna od
savremenijih studija imala je za cilj da ispita zastupljenost kadmi-
juma i olova u mle¢nim zubima kod dece koja pate od celijaklije i
alergije na hranu u industrijskim oblastima Poljske. Upotrebom
plamene atomske apsorpcione spektrofotometrije uvrdeno je da
su se ovi metali najvise akumulirali u mle¢nim zubima. Takode je
uoceno da su toksic¢ni teski metali u zubima ostali u dinami¢nom
balansu sa normalnom gradom zuba, tj. da su zamenjeni kalciju-
mom u hidroksiapatitnim kristalima [1-4,15].

Do sli¢nih rezultata su dosli Orzechowska-Wylegata i sarad-
nici, koji su utvrdili da u mle¢nim zubima dece sa celijaklijom i
alergijama na hranu postoji znatno vec¢i maseni udeo olova i kad-
mijuma u odnosu na kalcijum nego u zubima zdrave dece [21].

U svojoj studiji Malara i saradnici su ispitivali sadrzaj olova
i kadmijuma iz duvanskog dima u mle¢nim zubima dece ¢iji su
roditelji pusaci, odnosno njihov odnos sa kalcijumom, metodom
atomske apsorpcione sektrofotometrije. Studija je utvrdila da su
toksi¢ni teski metali koji se taloze u zubu ostali u dinami¢nom



balansu sa normalnim sadrzajem zuba (teski metali su zamenili
kalcijum u hidroksiapati¢nim kristalima) [22].

Rezultati navedenih studija ukazuju da olovo moze zameniti
kalcijum u kristalima hidroksiapatita, $to je u skladu i sa nala-
zima ovog istrazivanja. Analizom dobijenih vrednosti masenog
udela pojedinih elemenata uoceno je da je prose¢na vrednost
udela kalcijuma u zubu pacova koji su dobijali olovo u vodi za
pice tokom 14 dana bila najveca u predelu gledno-dentinske
granice, potom u gledi i najmanja u dentinu, a da je prose¢-
na vrednost masenog udela kalcijuma u zubu pacova koji su
dobijali olovo 30 dana bila najniza u oblasti gledno-dentinske
granice. Prose¢na vrednost masenog udela olova u zubu pacova
koji su dobijali olovo 30 dana uocena je samo u gledi, $to uka-
zuje na mogucnost zamene kalcijuma olovom u oblasti gledno-
dentinske granice i gledi kod testiranih pacova.

Do sli¢nih rezultata su dosli i Liu i saradnici, koji su sproveli
studiju u kojoj su odredivali maseni udeo elemenata u gledi i
dentinu pomocu indukovane masene spektrometrije. Uzorke su
¢inili humani zubi (treé¢i molari) sakupljeni u ambulantama u
Tajvanu. Dobijeni rezultati su pokazali da je u gledi detektovan
P ¢iji je maseni udeo iznosio 2,19%, zatim Ca (27,91%) i Pb
(0,72), a koncentracija P, Ca i Pb je bila ve¢a u dentinu nego u
gledi. Takode je i odnos Ca i P bio konstantan [23].

Rezultati ovog istrazivanja i vrednosti masenih udela P, Ca i
Pb su saglasni sa istrazivanjem Arore i saradnika, gde je takode
uocen smanjen maseni udeo Ca (24,35%) i P (12,41%) u zubima
pacijenata izlozenih uticaju olova. Arora i saradnici su zakljucili
da koncentracija olova u gledi i dentinu raste sa godinama i
ukazuju da zub moze biti pouzdan biomarker za olovo [24].

U ovom istrazivanju je protokol SEM analize bio sproveden
na istim segmentima svih zuba (gledi, gledno-dentinskoj grani-
ciiudentinu),a olovo nije detektovano u znacajnoj koncentra-
ciji. U eksperimentalnim grupama ove studije ovakve promene
se mogu objasniti prisustvom Karijesnih $upljina ili defekata
gledi u koje se natalozilo olovo, a koje je SEM analizom detek-
tovano u povr$inskim delovima gledi.

Studija Bercovitza i saradnika je obuhvatala analizu prisu-
stva olova u zubima dece i odraslih pomo¢u atomske apsorpci-
one spektrofotometrije i ukazala na ve¢u koncentraciju olova
u de¢jim zubima [25].

Youravonga i saradnici su ispitivali gled i dentin kod dece
sa visokom koncentracijom olova u krvi metodom sekundar-
ne jonske masene spektrometrije (secondary ion mass spec-
trometry-SIMS) i mikroanalizom x-zracima. Ove metode su
ukazale na vidljiv nivo olova u dentinu na granici sa pulpom.
Mikroanaliza x-zracima nije mogla detektovati olovo, dok ga je
sekundarna jonska masena spektrometrija detektovala u denti-
nu blizu granice sa pulpom. SEM analiza sa multielementnim
detektorima je takode pouzdana metoda koja moze biti efikasna
kod konvencionalnog hemijskog ispitivanja jer ne zahteva stan-
dardne protokole pripreme uzoraka i krace traje [10].

Anttila je ispitivala koncentraciju olova u gledi mle¢nih se-
kuti¢a dece iz Askole, ruralnog podrucja, najbogatijeg radonom,
u Finskoj. Ispitivanje je radeno pomocu protonske indukcije
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x-zracima, a rezultati su pokazali da je koncentracija olova
(8,8 £ 6,6 ppm) u gledi zuba bila sli¢na nalazima iz drugih
oblasti Finske, ukazujuci na to da radon ne utice na znacajan
porast nivoa olova u gledi zuba [26].

Rezultati ovih istrazivanja su saglasni sa rezultatima Apple-
tona, koji se bavio ispitivanjem olovne linije u zubima pacova
pomocu SEM-a. Analizom uz pomo¢ x-zraka je uocena lokali-
zacija olova u vidu tzv. olovne linije i brzi pad intracelularnog
kalcijuma, koji je bio zamenjen jonima olova [27]. Do sli¢nih
rezultata su dosle neke studije koje su pokazale da se davanjem
intravenske injekcije olovo-acetata misevima javlja odgovor u
dentinu zuba, formiranjem tzv. olovne linije. Ovo je bilo pove-
zano sa brzim, ali privremenim porastom serumskog kalcijuma
i fosfora, tj. ¢injenice da olovo zamenjuje kalcijum i fosfor u
kristalima hidroksiapatita [25, 10].

U ovoj studiji je takode SEM analizom detektovan fosfor, a
analiza dobijenih rezultata je pokazala da je olovo pored kalci-
juma moglo zameniti i fosfor u kristalima hidroksiapatita.

Rezultati Issa su pokazali da je olovo detektovano u svim
molarima iz eksperimentalne grupe, a ve¢a koncentracija olova
je uocena uz gingivalnu nego uz bukookluzalnu ivicu, uz znacaj-
no smanjenje koncentracije kalcijuma. Ovi rezultati su u skladu
sa ovim istrazivanjima jer je i ovde uocena manja koncentracija
olova u gledi zuba. Treba naglasiti da su eksprimentale Zivoti-
nje (pacovi) u studiji Issa i saradnika dobijali olovo 60 dana
(30 mg /L) u vodi za pice, a pacovi u nasoj studiji dobijali olovo-
acetat u koncentraciji 1500 ppm (u vodi ad libitum) u mnogo
kra¢em periodu. To objasnjavaju i mnogo manje vrednosti ma-
senog udela olova i to samo u gledi [28].

Rezultati koji nisu bili u skladu sa nagim su nalazi Groblera i
saradnika, koji su ispitivali trudne Zenke pacova koje su dobijale
olovo u vodi za pice tokom trudnoce i tokom laktacije. Konce-
tracija olova u molarima je ispitivana atomskom apsorpicionom
spektrofotometrijom i utvrdeno je da je olovo najvise ugradeno
u zubno tkivo kod Zenki koje su pile vodu sa najve¢om koncen-
tracijom olova. Medutim, ovo istraZivanje je uradeno primenom
visokih koncentracija olova u vodi koja se inace ne nailazi u
zivotnoj sredini [29].

ZAKLYUCAK

Na osnovu dobijenih rezultata ovog istrazivanja moze se zaklju-
¢iti da je maseni udeo olova u zubima pacova koji su dobijali
olovo 30 dana bio detektovan samo u gledi, dok olovo u zubima
pacova koji su dobijali olovo tokom 14 dana nije detektovano
ni u jednom sloju zuba.

Maseni udeo kalcijuma u zubima pacova koji su dobijali olo-
vo 30 dana u oblasti gledi je bio niZi u odnosu na vrednosti ude-
la kalcijuma u gledi zuba pacova koji su dobijali olovo tokom 14
dana, a maseni udeo fosfora u zubima pacova koji su dobijali
olovo tokom 30 dana bio je najmanji u gledi, te je bio nizi nego
u gledi zuba pacova koji su dobijali olovo tokom 14 dana.
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SUMMARY

Introduction After the completion of treatment with fixed orthodontic appliances, it is necessary to remove the
brackets and bands from teeth using an appropriate method. The aim of this study was to determine the most com-
mon way of bond failure between teeth and metal brackets, as well as to compare bond failure between the brackets
and upper and lower premolars.

Material and Method Metal brackets were bonded with Aspire composite material on 154 human premolars, extracted
for orthodontic purposes. After debonding, the surface of remaining adhesive on the teeth and brackets was measured.
Adhesive Remnant Index (ARI) was used to estimate bond failure between teeth and metal brackets.

Results The average size of remaining adhesive surface after removing brackets from the upper premolars was 12.06
mm?, while it was 9.32 mm? on the lower premolars. The average size of the remaining adhesive surface area on the
brackets removed from the upper premolars was 0.37 mm? while it was 2.08 mm?”on the brackets removed from lower
premolars. A statistically significant difference was found between these values. The most common score of ARI
was 3 (85.71%) and the most frequent score of ARI, . was 0 (85.71%).

Conclusion The most common way of bond failure between teeth and metal brackets was between the bracket base
and adhesive surface. A statistically significant difference was found between the values of the size of residual adhesive

th

surface on the upper and lower premolars as well as on the brackets debonded from them.
Keywords: bracket removal; surface of residual adhesive; Adhesive Remnant Index (ARI)

INTRODUCTION

Treatment with fixed orthodontic appliances is one of the
most frequently used procedures for correcting orthodon-
tic irregularities and achieving proper occlusal relation-
ships. After completion of orthodontic treatment, it is
necessary to remove brackets and bands from the teeth as
well as the remaining adhesive. Debonding of the brackets
depends on the type of brackets used (metal, ceramic or
plastic). Metal brackets are usually removed using the ap-
propriate orthodontic pliers and force of traction, torsion
or shearing [1, 2].

Several factors may influence enamel-bracket shear
bond strength: the type of adhesive systems used for
bonding brackets, the type and duration of enamel etch-
ing, the size and type of brackets, the design of bracket
base and oral environmental factors. These factors and
the type of debonding procedure affect the type of bond
failure between teeth and brackets as well as the amount
of remaining adhesive on both [3-6].

Optimal bond strength between teeth and metal brack-
ets ranges from 5.9 MPa to 8 MPa. If bond strength is

greater than these values, it is possible to cause enamel
damage during debonding procedure. The highest risk
of enamel fracture is present at the moment of bracket
debonding. Plaque accumulation and tooth pigmenta-
tion often occurs in the area of these fractures. During
bracket debonding, bond failure can occur: on the bracket,
between the bracket and adhesive, on adhesive, between
enamel and adhesive, on enamel or mixed type of bond
failure may occur. It is desirable that, after removing
brackets, adhesive completely remains on the surface of
a tooth to avoid possibility of enamel microcracks and
fractures [2,7,8,9].

As per literature, bond failure between adhesive and a
bracket base is the most common [10-14]. Some authors
correlated morphological characteristics of teeth and mode
of bond failure between teeth and brackets, due to larger
amounts of adhesive found to remain on buccal surfaces
of upper teeth in comparison to lower teeth, after bracket
removal. Studies by Hobson at al. and Ozturk at al. conclud-
ed that differences in morphological characteristics among
groups of teeth affect shear bond strength between brackets
and teeth, regardless of the type of adhesive system used
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[15,16]. Zannarini at al. also noted difference between the
values of remaining adhesive surface on bracket bases on
the upper and lower teeth, namely between upper and lower
incisors and upper and lower canines. They found higher
amount of adhesive remained on the brackets removed
from the upper teeth in relation to the lower teeth [17].

One of the most commonly used methods for deter-
mining the mode of bond failure between a tooth surface
and a bracket base is the use of Adhesive Remnant Index
(ARI), which was introduced by Artun and Bergland in
1984 [18]. According to this index, it is possible to pre-
cisely determine location of bond failure using different
types of brackets and adhesive systems. To analyze the
surface of residual adhesive on teeth and brackets, ste-
reomicroscopy is often used, as well as the appropriate
computer software [17, 19, 20].

The aim of this study was to determine the most fre-
quent mode of bond failure between teeth and metal
brackets using the ARI index and AutoCAD program,
and to compare bond failure between upper and lower
premolars and metal brackets.

MATERIAL AND METHOD

For the study, 154 human premolars extracted for orth-
odontic purposes were collected (77 upper premolars and
77 lower premolars). The tooth selection criteria implied
that teeth had an intact oral and buccal surface without
visible damage, white spots and carious lesions, and they
had not been previously exposed to chemicals such as
hydrogen peroxide or an acid for the purpose of etching.
The teeth were kept until the beginning of the study in
saline with 0.1% thymol to prevent dehydration. Prior to
the experiment, the teeth were mechanically cleaned with
a brush and non-abrasive non-fluoride paste. The middle
third of the buccal surface of each tooth was treated with
38% orthophosphoric acid for 20 seconds and then rinsed
with water for 30 seconds and dried for another 30 sec-
onds. Buccal surface of 154 teeth was primed with Aspire
orthodontic adhesive 7GM (OC Orthodontics, USA), ac-
cording to the manufacturer’s instructions and then po-
lymerized for 10 seconds. Metal brackets (Ortho Orga-
nizer Elite OptiMIM, Henry Schein Orthodontics, USA)
were bonded to the prepared surface of tooth with Aspire
orthodontic adhesive 5GM (OC Orthodontics, USA) and
light cured for 40 seconds according to the manufacturer’s
instructions (Figure 1 and 2).

The teeth were left in artificial saliva at the room
temperature for 48 hours to allow the adhesive system
to reach its maximum strength. Biotene gel (GlaxoSmith-
Kline, Belgium) was used as a source of artificial saliva.
The brackets were debonded with Ixion bracket remov-
ing pliers (DB Orthodontics, West Yorkshire, UK). After
a sample preparation process, digital photographs of the
buccal surfaces and the bracket bases were taken with a
digital camera Nikon D5100. The procedure was carried
out using a macroscopic lens at an appropriate distance
of 20 cm. The sample was placed on a millimeter scale foil
that served as a reference measure for the calibration for
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AutoCAD software (Autodesk inc. San Rafael, CA, USA)
[21]. AutoCAD software is the most commonly used Au-
todesk program for designing engineering project docu-
mentation in 2D and 3D design. In this study, it was used
to determine the surface of the remaining adhesive on a
tooth and bracket as well as to determine the surface of
a bracket base. Since the measurement was performed in
millimeters, the images were calibrated so that the lengths
in the program are set in millimeters. After calibrating
the images in AutoCAD, the polyline lines in the form of
“closed polygons” overlaid the surface of the remaining
adhesive on the tooth and the base of the bracket, as well
as the bracket base surface, and the values of marked pa-
rameters were automatically obtained (Figure 3).

Figure 1. Brackets Ortho Organizers Elite OptiMIM
Slika 1. Bravice Ortho Organizers Elite OptiMIM

Figure 2. Aspire orthodontic adhesive system
Slika 2. Ortodontski adhezivni sistem Aspire

P ohG A RouR G TR B o i T IO Wal LW

Figure 3. Analysis of the remaining adhesive on the teeth and brack-
ets and measurement of the brackets surface size using AutoCAD
software

Slika 3. Odredivanje povrsine preostalog adheziva na zubu i na
bravici, kao i povrsine baze bravice koris¢enjem programa AutoCAD
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The value of the remaining adhesive surface on teeth
was evaluated according to the ARI_, scores from 0 to 3
as follows:

score 0 - 0% of the remaining adhesive on enamel sur-
face,

score 1 - less than 50% of the remaining adhesive on
the surface of a tooth,

score 2 - more than 50% of the remaining adhesive on
the tooth surface and

score 3 - 100% of the remaining adhesive on the tooth
surface.

The residual adhesive surface on bracket bases was
evaluated by the ARI, , as follows:

score 0 - less than 10% of remaining adhesive on the
surface of the bracket,

score 1 - more than 10% but less than 50% of remain-
ing adhesive on the surface of the bracket,

score 2 - more than 50% but less than 90% of adhesive
remaining on the surface of the bracket and

score 3 - more than 90% of adhesive on the surface of
the bracket [18].

Qualitative data (ARI scores) were presented by the
number of occurrences and percentages. Descriptive sta-
tistic indicators (arithmetic mean, standard deviation,
extreme values) were used to show the surface of the re-
maining adhesive on teeth and brackets after debonding.
Parametric Student t-test for independent samples was
used to compare the mean values of the characteristics. A
statistically significant difference was defined as p<0.05,
with values in which p<0.01 were stated as statistically
very significant. Pearson’s parametric correlation was used
to determine the degree of correlation of the observed
characteristics.

RESULTS

The average value of metal bracket base surfaces Ortho
Organizer Elite OptiMIM for premolars, which were
bonded to 154 premolars, was 11.07 mm?. After remov-
ing the brackets, the AutoCAD program determined the
surface of the remaining adhesive on the teeth and brack-
ets. The average value of the remaining adhesive after re-
moving the brackets from the upper premolars was 12.06
mm?, while this value at the lower premolars was 9.32
mm?. Student t-test showed that there was a statistically
significant difference between the values of the remaining
adhesive surfaces on the upper and lower premolars after
removing the brackets (Table 1).

The average value of the remaining adhesive surface
on the brackets removed from the upper premolars was
0.37 mm?, while this value at the lower premolars was
2.08 mm?. Student t-test showed a statistically significant
difference between the values of the remaining adhesives
on the brackets removed from the upper and lower pre-

molars (Table 2).
Tables 3 and 4 show the distribution of AR, and
ARI_ . for the upper and lower premolars. The most

common score of ARI_ was score 3. Even for 132 teeth

(85.71%), score 3 was determined after removing the

Table 1. The surface of remaining adhesive on the upper and lower
premolars
Tabela 1. Povrsina preostalog adheziva na gornjim i donjim pre-
molarima

Surface of residual
adhesive (mm?)
Povrsina preostalog
adheziva (mm?)

n MzSD | Min| Max | t df p

Upper premolars

. .| 77 11206£214| 0 | 1548
Gornji pretkutnjaci

Lower premolars

" .| 77 19321445 | 0 | 1491 |4.86|109.5 | <0.01
Donji pretkutnjaci

Total

154 110.69+3.74| 0 | 1548
Ukupno

Table 2. The surface of remaining adhesive on brackets removed
from the upper and lower premolars

Tabela 2. Osnovni pokazatelji deskriptivne statistike za povrsinu
preostaloga adheziva na bravicama koje su uklonjene sa gornjih i
donjih premolara

Surface of residual
adhesive on the
bracket (mm?)
Povrsina preostalog
adheziva na bravici
(mm?)

Upper premolars

. |77 1037174 0 |1221
Gornji pretkutnjaci

Lower premolars

- .| 77 | 208%+427 | 0 13.3 |3.26 | 100.5 | <0.01
Donji pretkutnjaci

Total

Ukupno 154 | 123+336 | 0 | 133

Table 3. Distribution of ARI__, scores for upper and lower premolars
Tabela 3. Raspodela ocena ARI ,_kod gornjih i donjih pretkutnjaka

ARl score
Premolars ARL_, ocena Total
Pretkutnjaci Ukupno
0 1 2 3
Upper 1 1 3 72 77
Gornji (13%) | (13%) | (3.89%) | (93.51%) | (100%)
Lower 12 1 4 60 77
Donji (15.58%) | (13%) | (52%) | (77.92%) | (100%)
Total 13 2 7 132 154
Ukupno (8.44%) (1.3%) (4.54%) | (85.71%) | (100%)
Table 4. Distribution of ARI, | scores
Tabela 4. Raspodela ocena ARl . -
ARI, .
Brackets rackets Total
Bravice braviea Ukupno
0 1 2 3
For upper
premolars 72 3 1 1 77
Za gornje (93.51%) | (3.89%) (1.3%) (1.3%) (100%)
pretkutnjake
For lower
premolars 60 4 1 12 77
Za donje (77.92%) | (52%) | (13%) | (15.58%) | (100%)
pretkutnjake
Total 132 7 2 13 154
Ukupno (85.71%) | (454%) | (13%) | (8.44%) | (100%)

brackets, for 13 teeth (8.44%) score was 0, 7 teeth had score
2 (1.3%), while only 2 teeth (1.3%) had score 1. The most
common score of ARI, . was score 0 (132, 85.71%). 13
brackets (8.44%) had score 3,7 brackets (4.54%) had score
1, while only 2 brackets (1.3%) had score 2.



Table 5. Pearson correlation
Tabela 5. Pirsonova korelacija
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Pearson correlation ARI, . for upper premolars | Pearson correlation ARI_ . for upper premolars
Pirsonova korelacija ARI, . z7agornje pretkutnjake | Pirsonova korelacija AR, za gornje pretkutnjake
ARl for lower premolars r 523" ARI__. for lower premolars r 523"

AR, . za donje pretkutnjake p 001 ARI . za donje pretkutnjake p 001

** correlation significant at 0.01
** korelacija je znacajna na nivou 0,01

Correlation between the average values of ARI_, for
the upper and lower premolars was determined by the
Pearson coefficient of linear correlation. The statistically
significant, positive and very strong correlation between
the average values of ARI_, for the upper and lower pre-
molar (r =.53,p <.01) was found. Also, a statistically sig-
nificant, positive and very strong correlation was found
between the average values of ARI, , for brackets

bonded to the upper and lower premolar (r =.53,p <.01)
(Table 5).

DISCUSSION

Since fixed appliances with metal brackets often represent
a method of choice for achieving successful orthodontic
treatment, metal brackets have been used in our research.
After removing brackets from examined teeth, the differ-
ence between the amount of remaining adhesive surface
on the brackets on the upper and lower premolars was
determined, as well as the difference between the values
of AR .

Some authors reported difference between the size of
remaining adhesive on the upper and lower teeth. There-
fore, Zanarini at al. conducted their research on 100 metal
brackets that were removed after completed treatment
with fixed orthodontic appliances in 60 patients. Using
the Image J program on photomicrographs obtained by
scanning electron microscopy, they measured the size of
remaining adhesive on brackets. They noted statistically
significant difference in the size of remaining adhesive
on the base of brackets between the teeth from upper and
lower dental arch, which is in agreement with results of
the current study [17].

The most commonly reported ARI_, score in this
study was 3, followed by 0, 2 and 1. This result indicates
that the most common mode of bond failure was between
the adhesive and the base of the metal bracket that de-
creased the possibility of enamel microcracks. In vitro
studies of Ryf at al., as well as Sing and Kumari, evaluated
the mode of bond failure between the teeth and brackets,
according to the ARI index. They also reported greater
amount of remaining adhesive on teeth after metal brack-
ets removal. The most frequent ARI score was 3 and it
indicated that bond failure was most commonly found
between the base of the bracket and resin [22, 23].

ARI index can also be used in clinical studies where
precise impressions of the teeth from which brackets have
been removed are required. These studies may point sig-
nificant influence of certain factors on the mode of bond
failure between teeth and brackets that cannot fully be

mimicked in in vitro studies. Some of them are: longer
exposure time of brackets and adhesive to saliva and pH
changes caused by certain type of drink and food, expo-
sure of a fixed appliance to mastication force etc. Using
teeth impressions study models can be obtained and ob-
served with stereomicroscope. Photomicrographs can be
taken as well. Scanning electron microscopy (SEM) can
also be used for impressions analysis, and it can even more
accurately determine the size of remaining adhesive on
teeth. Some clinical studies did not show any difference
in the ARI index values from the same parameters deter-
mined by experimental studies [24].

Bonetti at al. conducted their research on 12 dental
students with metal brackets Victory Series; 3 Munitek,
Monrovia; California, which were bonded using Trans-
bond XT composite material, and metal brackets APC II
Victory Series; 3M Unitek, with already fabricated adhe-
sive. After removing brackets, they evaluated the surface
of remaining adhesive on teeth and brackets using ARI
index. They found no statistically significant difference in
the distribution of ARI score between the two premolar
groups, and the most common score was 3, which is in
accordance with the results of our study [25].

One of the factors affecting the mode of bond failure
between teeth and brackets is also the type of brackets
used. Thus, Mirzakouchaki at al. in their study on 120
intact human premolars with metal and ceramic brackets
concluded that more adhesive remained on teeth that had
ceramic brackets compared to metal one [7].

However, beside the bracket material, the retention
mode (chemical or mechanical) and bracket base design
can affect shear bond strength and the mode of bond
failure during bracket removal. Henkin at al. investigated
mode of bond failure for 7 different types of metal brack-
ets (MorelliTM, American OrthodonticsTM, TP Ortho-
donticsTM, OrthometricTM, TecnidentTM, UnidentTM,
Abzil-3MTM) attached to 105 bovine teeth. After their
removal, the ARI index was determined by stereomicros-
copy. They noted different distribution of ARI scores for
teeth with different types of brackets attached. The most
common score for the teeth with the UnidentTM brack-
ets was 3, which is in accordance with the results of our
research. On the teeth with other types of metal brackets
attached, the most common score was 1, which can be
explained by different shape and structure of the metal
bracket base. UnidentTM brackets have similar shape and
mesh base structure as the OrthoOrganizer brackets used
in our research, which could be the reason for obtaining
similar results of the ARI index [10].

For the purpose of the current study, light-curing com-
posite material Aspire (Ortho Classic Orthodontics, USA)
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was used, characterized by extended working hours. This
resin is not transparent; therefore it is easier to notice it
on the tooth surface. Some studies also emphasized the
importance of the type of adhesive system used [26].

There has been noticed premature polymerization of
the composite material used for bonding brackets under
the influence of dental chair reflector in the process of
bonding fixed orthodontic appliances. This applies to situ-
ations when material is bonded before bracket is placed
in the correct position on a tooth surface. Tiwari et al.
examined the influence of light of dental chair reflector
on shear bond strength, as well as mode of bond failure
between teeth and brackets when Transbond XT (3M
Unitec, Monrovia, Callif, USA) light-cured composite ma-
terial was used. Their study was performed on 60 human
premolars, extracted for orthodontic purposes. The most
common ARI score after bracket debonding was 3, indi-
cating that the most frequent mode of bond failure was
between a bracket base and adhesive. The authors con-
cluded that dental chair reflector light did not have any
significant effect on the shear bond strength and mode of
bond failure between teeth and brackets [14].

In our study, difference in size of remaining residual
adhesive after bracket debonding was found both on the
brackets and examined teeth. However, our in vitro study
included only premolars, while further studies could in-
vestigate the same parameters on incisors and molars due
to different morphological characteristics of these teeth.

CONCLUSION

After removing metal brackets, the most frequent mode
of bond failure was between adhesive and the base of
bracket. A significant difference was found in the size of
remaining adhesive both on the teeth and brackets be-
tween upper and lower premolars.
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KRATAK SADRZA)

Uvod Po zavrietku terapije fiksnim ortodontskim aparatima neophodno je ukloniti bravice i prstenove sa zuba, odgovarajuc¢im
postupkom. Cilj ovog rada je bio da se utvrdi najces¢i nacin prekida veze izmedu zuba i bravica prilikom uklanjanja metalnih bravica,
kao i da se uporedi nacin prekida veze izmedu metalnih bravica i gornjih i donjih premolara.

Materijal i metod rada Na 154 humana premolara, ekstrahovana u ortodontske svrhe, lepljene su metalne bravice Aspire kom-
pozitnim materijalom. Posle njihovog odlepljivanja izmerena je povrsina preostalog adheziva na zubima i na bravicama. Primenom
Indeksa zaostalog adheziva (Adehsive remnant index — ARI) izvrSena je procena nacina prekida veze izmedu zuba i metalnih bravica.
Rezultati Prosecna vrednost povrsine preostalog adheziva nakon uklanjanja bravica sa gornjih premolara je iznosila 12,06 mm?,
dok je ova vrednost kod donjih premolara iznosila 9,32 mm?® Prosecna vrednost povrsine preostalog adheziva na bravicama koje su
uklonjene sa gornjih premolara je iznosila 0,37 mm? dok je ova vrednost kod bravica uklonjenih sa donjih premolara iznosila 2,08
mm’, te je izmedu ovih vrednosti utvrdena statisticki znacajna razlika. NajceS¢e zastupljena ocena ARI , na ukupnom nivou je bila
ocena 3 (85,71%), dok je najcesce zastupljena ocena ARI, _ . - na ukupnom nivou bila ocena 0 (85,71%).

Zakljuéak Naj¢es¢i nacin prekida veze izmedu zuba i bravice prilikom uklanjanja metalnih bravica je bio izmedu baze bravice i
povrsine lepka. Izmedu vrednosti povrsine preostalog adheziva na gornjim i donjim premolarima kao i na bravicama utvrdena je

b

statisticki znacajna razlika.

Kljuéne reci: uklanjanje bravica; povrsina adheziva; indeks zaostalog adheziva (ARI)

uvoD

Terapija fiksnim ortodontskim aparatima predstavlja jedan
od najcesce koris¢enih postupaka za ispravljanje ortodontskih
nepravilnosti i postizanje pravilnih okluzalnih odnosa. Po za-
vr$etku ortodontske terapije neophodno je ukloniti bravice i
prstenove sa zuba, kao i ostatke adheziva. Nacin odlepljivanja
bravica sa povrsine zuba zavisi od vrste bravica koje se kori-
ste tokom terapije (metalne, keramicke ili plasti¢ne). Metalne
bravice se uklanjaju odgovaraju¢im klestima primenom vuce,
torzije ili smicanja [1,2].

Nekoliko faktora uti¢u na ja¢inu veze izmedu zuba i bravi-
ca: vrsta adhezivnih sistema koji se koriste za lepljenje bravica,
vrsta kiseline i duzina perioda kondicioniranja gledi tokom
pripreme zuba, veli¢ina i vrsta bravica, dizajn baze bravice i
prisustvo pljuvacke, odnosno moguc¢nost obezbedivanja suvog
radnog polja tokom sprovodenja postupka postavke fiksnog
ortodontskog aparata. Navedeni faktori, zajedno sa vrstom i
nac¢inom primene instrumenata za uklanjanje bravica, uti¢u
na nacin prekida veze izmedu zuba i bravica, a samim tim i na
koli¢inu preostalog adheziva na zubima i na bravicama [3-6].

Smatra se da optimalna jacina veze izmedu zuba i metalnih
bravica iznosi od 5,9 MPa do 8 MPa. Ukoliko je jacina veze veca
od navedenih vrednosti, pojavljuje se mogucnost ostecenja gledi
zuba prilikom samog postupka uklanjanja fiksnog ortodontskog
aparata. Upravo u momentu uklanjanja bravica klestima posto-
ji najvedi rizik od nastanka frakture gledi. Na mestu frakture
dolazi do pojac¢ane akumulacije plaka i pojave pigmentacija.
Prilikom postupka uklanjanja fiksnog ortodontskog aparata, do
prekida veze izmedu bravice i povrsine zuba moze do¢i na ne-
koliko mesta: u bravici, izmedu bravice i adheziva, u adhezivu,
izmedu gledi i adheziva, u gledi i me$oviti prelom (kombina-
cija navedenih). Pozeljno je da nakon uklanjanja bravica lepak

ostane na povrsini zuba, kako bi se izbegla mogu¢nost pojave
glednih pukotina [2,7, 8].

Prilikom uklanjanja metalnih bravica, po zavr$enoj terapiji
fiksnim ortodontskim aparatima, naj¢e$ce dolazi do prekida
veze izmedu adheziva i baze metalne bravice, prilikom Cega se
smanjuje mogucnost pojave mikroostecenja gledi tokom izvo-
denja ovog postupka [10-14].

Pojedini autori su ukazali na meduzavisnost morfoloskih
karakteristika zuba i nacina prekida veze izmedu zuba i bravica,
jer su uocili da vece koli¢ine lepka ostaju na bukalnim povrsi-
nama zuba gornje vilice nakon uklanjanja metalnih bravica.
Studije Hobsona i saradnika i Ozturka i saradnika su istakle da
razlike u morfoloskim karakteristikama izmedu zuba uti¢u na
jacinu ostvarene veze izmedu bravice i zuba, bez obzira na vrstu
kori$¢enog adhezivnog sistema [15, 16].

Zanarini i saradnici su odredujuci povrsinu preostalog lepka
samo na bravicama, uo¢ili razliku izmedu vrednosti povrsine
preostalog adheziva na bazama bravica uklonjenih sa zuba gor-
njeg i donjeg zubnog luka. Utvrdili su da veca koli¢ina adheziva
ostaje na bravicama koje su uklonjene sa zuba gornjeg zubnog
luka [17].

Jedna od najcesce koris¢enih metoda za utvrdivanje nacina
i mesta prekida veze izmedu povrsine zuba i baze bravice jeste
upotreba indeksa zaostalog adheziva (Adhesive Remnant In-
dex — ARI), kojeg su u istraZivanje uveli Artun i Bergland 1984.
godine [18]. Primenom ovog indeksa omoguceno je odredivanje
mesta prekida veze prilikom kori$¢enja razlicitih vrsta bravica i
adhezivnih sistema, na jednostavan nacin. Procena preostalog
adheziva na zubima i bravicama sprovodi se primenom ARI
indeksa zuba (ARI , ) i ARI indeksa bravica (ARL, . ).Za
odredivanje povrsine zaostalog adheziva na zubima i bravicama
Cesto se koristi stereomikroskopija, ali i odredeni kompjuterski
programi [17, 19, 20].



Cilj ovog istrazivanja je bio da se utvrdi naj¢es¢i nacin preki-
da veze izmedu zuba i metalnih bravica primenom ARI indeksa
i programa AutoCAD, te da se ispita postojanje razlike u prekidu
veze izmedu gornjih i donjih premolara i metalnih bravica.

MATERIJAL | METOD RADA

U toku ovog istrazivanja su prikupljena 154 humana premolara
ekstrahovana u ortodontske svrhe (77 gornjih premolara i 77
donjih premolara). Kriterijum za izbor zuba je podrazumevao
da zubi imaju intaktnu oralnu i bukalnu povrsinu, bez vidljivih
ostecenja, belih mrlja i karioznih lezija i da nisu prethodno bili
izlagani hemijskim agensima poput vodonik-peroksida ili nekoj
od kiselina u svrhu nagrizanja. Stereomikroskopijom (uvecanje
10x) procenjeno je da li prikupljeni uzorak ispunjava kriteri-
jum. Zubi su se ¢uvali do pocetka istrazivanja u fizioloskom
rastvoru sa 0,1% timolom, kako bi se sprecila pojava dehidracije
gledi zuba. Pre samog eksperimenta zubi su mehanicki o¢is¢eni
Cetkicom i neabrazivnom pastom bez fluora. Srednja tre¢ina
bukalne povrsine svakog zuba je tretirana 38% ortofosfornom
kiselinom u trajanju od 20 sekundi, a potom isprana mlazom
voda-vazduh 30 sekundi i posusena jos$ 30 sekundi. Na bukalnu
povrsinu 154 zuba je nanosen Aspire orthodontic adhesive 7GM
(OC Orthodontics, USA) prema uputstvu proizvodaca, a potom
je izvr$ena njegova polimerizacija u trajanju od 10 sekundi.
Nakon toga, metalne bravice za premolare (Ortho Organizers
Elite OptiMIM, Henry Schein Orthodontics, USA) postavljane
su instrumentom za pozicioniranje (Ixion positioner, DB Ort-
hodontics, Zapadni Jorksir, UK) na pripremljenu povr$inu zuba
ilepljene su pomocu Aspire orthodontic adhesive 5GM (OC Or-
thodontics, USA) (slika 11 2). Polimerizacija je izvr$ena LED
lampom u trajanju od 40 sekundi, po uputstvu proizvodaca.
Zubi su ostavljeni u vestackoj pljuvacki na sobnoj tempe-
raturi, tokom 48 sati, kako bi adhezivni sistem dostigao svoju
maksimalnu snagu. Kao izvor vestacke pljuvacke koriscen je
Biotene gel (GlaxoSmithKline, Belgija). Nakon 48 sati bravice su
odlepljene klestima za skidanje bravica (Ixion bracket removing
plier, DB Orthodontics, West Yorkshire, UK). Nakon sprovodenja
postupka pripreme uzorka koji se sastojao u fiksiranju zuba i
bravica, omoguceno je fotografisanje bukalnih povr$ina zuba i
baza bravica digitalnim fotoaparatom Nikon D5100. Fotografi-
sanje je sprovedeno uz upotrebu makroskopskog objektiva, pri
adekvatnom svetlu sa udaljenosti od 20 cm. Fiksiran uzorak je
bio postavljen na foliju sa milimetarskom podelom koja je slu-
zila kao referentna mera u okviru fotografisanog kadra i osnova
za kalibraciju fotografije u programu AutoCAD (Autodesk inc.
San Rafael, CA, USA) [21]. Za odredivanje povrsine preostalog
adheziva na zubu i bazi bravice, kao i za odredivanje povrsine
baze bravice, kori$¢en je program AutoCAD, najéesée koriséen
program firme Autodesk za izradu inZenjerske projektne doku-
mentacije u 2D i 3D projektovanju. Nakon kalibracije fotografije
u AutoCAD-u, polilinijama u vidu ,, zatvorenih poligona“ preko
fotografija oznacene su povr$ine preostalog adheziva na zubu i
bazi bravice, kao i povrsina bravice, te su automatski dobijene
vrednosti oznacenih parametara (Slika 3). Procena preostalog
adheziva na zubima i bravicama uradena je primenom ARI in-
deksa zuba i ARI indeksa bravica. ARI  se koristio za procenu
povrsine preostalog adheziva na gledi i odreden je po sledecoj
formuli: povr$ina zuba sa preostalim adhezivom/povr§ina baze
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bravice x100.ARIL, . sekoristio za procenu povrsine preosta-
log adheziva na bravicama, a dobijen je po formuli: povr$ina
bravice sa preostalim adhezivom/povrsina baze bravice x100.

Vrednost povrsine preostalog adheziva na zubima se oce-
njivala pomocu ARI , , tako da je za odredene vrednosti pre-
ostalog adheziva dodeljena ocena od 0 do 3 na slede¢i nacin:

ocena 0 — 0% adheziva na povrsini zuba,

ocena 1 — manje od 50% adheziva preostalog na povrsini
zuba,

ocena 2 - vie od 50% adheziva preostalog na povrsini zuba i

ocena 3 — 100% adheziva na povrsini zuba.

Povrsina preostalog adheziva na bravicama je bila ocenjena
primenom ARI, ., na sledeci nacin:

ocena 0 — manje od 10% adheziva preostalog na povrsini
bravice,

ocena 1 - viSe od 10% ali manje od 50% adheziva preostalog
na povrsini bravice,

ocena 2 - vide od 50% ali manje od od 90% adheziva preo-
stalog na povrsini bravice i

ocena 3 - vise od 90% adheziva na povrsini bravice [18].

Statisticka obrada podataka

Kvalitativni podaci (ocene ARI indeksa) prikazani su kroz broj
pojava i procentualnu zastupljenost. Za prikaz povr$ine preosta-
log adheziva na zubu i na bravici nakon uklanjanja bravica kori-
$¢eni su pokazatelji deskriptivne statistike (aritmeticka sredina,
standardna devijacija, ekstremne vrednosti). Za uporedivanje
srednjih vrednosti obelezja kori§¢en je parametarski Student t
test za nezavisne uzorke. Kao statisticki znacajne uzimane su
vrednosti u kojima je p < 0,05, s tim da su vrednosti u kojima
je p < 0,01 isticane kao statisticki veoma znacajne. Za utvrdi-
vanje stepena povezanosti posmatranih obelezja kori$¢ena je
Pirsonova parametarska korelacija.

REZULTATI

Prosecna vrednost povrsine bravica Ortho Organizers Elite Opti-
MIM za premolare, koje su lepljene na povrsinu 154 premolara,
iznosila je 11,07 mm? Nakon uklanjanja bravica, programom
AutoCAD su odredene vrednosti povrsine preostalog adheziva
na zubima i na bravicama. Prose¢na vrednost preostalog adhe-
ziva nakon uklanjanja bravica sa gornjih premolara je iznosila
12,06 mm?, dok je ova vrednost kod donjih premolara iznosila
9,32 mm”. Primenom parametarskog Student t testa, za upore-
divanje srednjih vrednosti obelezja utvrdeno je da je bilo sta-
tisticki znacajne razlike u vrednostima preostalog adheziva na
gornjim i donjim premolarima nakon uklanjanja bravica. Ovi
rezultati su prikazani u Tabeli 1.

Prose¢na vrednost povrsine preostalog adheziva na bravi-
cama koje su uklonjene sa gornjih premolara je iznosila 0,37
mm?, dok je ova vrednost kod donjih premolara iznosila 2,08
mm? Primenom parametarskog Student t testa, za uporediva-
nje srednjih vrednosti obelezja je utvrdeno da je bilo statisticki
veoma znacajne razlike u vrednostima preostalog adheziva na
bravicama uklonjenim sa gornjih i donjih premolara. Ovi re-
zultati su prikazani u Tabeli 2.

U tabelama 3 i 4 prikazana je distribucija ARI , iARI
za gornje i donje premolare i na ukupnom nivou. Najéesce za-
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stupljena ocena ARI | na ukupnom nivou je bila ocena 3. Cak
kod 132 zuba (85,71%) utvrdena je ocena 3 nakon uklanjanja
bravica, 13 zuba (8,44%) je dobilo ocenu 0, ocenu 2 je imalo se-
dam zuba (1,3%), dok su ocenu 1 imala svega dva zuba (1,3%).
Najcesce zastupljena ocena ARI, . na ukupnom nivou je bila
ocena 0 (132, 85,71%), 13 bravica (8,44%) je dobilo ocenu 3,
ocenu 1 je imalo sedam bravica (4,54%), dok su ocenu 2 imale
svega dve bravice (1,3%).

Povezanost izmedu prose¢nih vrednosti ARI | za gornje
i donje premolare izrezena je pomocu koeficijenta Pirsonove
linearne korelacije. Utvrdena je statisticki znacajna, pozitivna i
veoma jaka povezanost izmedu prosecnih vrednosti ARI |, za
gornje i donje premolare (r = 0,53, p < 0,01). Takode, utvrdena
je statisticki znacajna, pozitivna i veoma jaka korelacija izme-
du prose¢nih vrednosti ARIL, . za bravice lepljene na gornje i
donje premolare (r = 0,53,p < 0,01) (Tabela 5).

DISKUSIJA

U ovom istrazivanju kori$¢ene su metalne bravice, s obzirom na
to da fiksni ortodontski aparati sa metalnim bravicama cesto
predstavljaju metod izbora za postizanje uspesnog terapijskog
rezultata. Nakon uklanjanja bravica sa zuba utvrdena je sta-
tisticki znacajna razlika u vrednostima povrsine preostalog
adheziva na gornjim i donjim premolarima,

kao i na bravicama koje su uklonjene sa navedenih zuba, ali
irazlika u vrednostima ARI indeksa. Postojanjem jasnih razlika
izmedu morfoloskih karakteristika krune gornjih i donjih pre-
molara, a samim tim i konveksiteta bukalne povrsine razli¢itog
stepena izrazenosti, mogla bi se objasniti utvrdena statisticki
znacajna razlika u vrednostima povrsine preostalog adheziva
na njima. Pojedini autori su ukazali na postojanje razlike u
vrednostima povrsine preostalog adheziva na gornjim i donjim
zubima koristeci bravice u svrhu ispitivanja. Tako su Zanarini
i saradnici svoje istrazivanje sproveli na 100 metalnih bravica,
koje su uklonjene po zavr$etku terapije fiksnim ortodontskim
aparatima kod 60 pacijenata. Primenom programa Image ] na
fotomikrografijama dobijenim skeniraju¢om elektronskom mi-
kroskopijom, merili su povrsinu preostalog adheziva na bazama
bravica. Uoc¢ili su statisticki znacajnu razliku izmedu vrednosti
povrsina preostalog adheziva na bazama bravica, izmedu zuba
gornjeg i donjeg zubnog luka, $to je u skladu i sa rezultatima
ovog istrazivanja [17].

Najcesce zastupljena ocena ARL | u ovom istraZivanju bila je
ocena 3, koja je utvrdena kod ¢ak 132 zuba. Kod 13 zuba je do-
deljena ocena 0, sedam zuba je dobilo ocenu 2,a samo dva zuba
suimala ARI ocenu 1. Ovaj rezultat ukazuje na to da je najcesce
mesto prekida veze zub-bravica bilo upravo izmedu adheziva i
baze metalnih bravica, ¢ime je onemoguceno nastajanje mikro-
pukotina prilikom uklanjanja adheziva. In vitro studijama Ryfa
i saradnika, kao i Singa i Kumaria, koji su primenom ARI
ispitivali prekid veze izmedu zuba i bravice prilikom uklanjanja
metalnih bravica klestima sa humanih premolara, takode je uo-
¢ena veca koli¢ina preostalog lepka na zubu. Najvise zastupljena
ARI ocena je bila ocena 3, koja je ukazala na to da je mesto pre-
kida veze naj¢esce nastajalo izmedu baze bravice i lepka [22,23].

ARI indeks takode se koristi i u in vivo studijama, prilikom
¢ijeg izvodenja je neophodno uzeti precizne otiske zuba sa kojih
su uklonjene bravice. Ovakve studije jos mogu da ukazu na zna-

¢aj pojedinih faktora na mesto nastanka prekida veze izmedu
zuba i bravice, koje u in vitro studijama nije moguce u potpu-
nosti ostvariti, kao $to su: duzi period izlaganja bravica i lepka
dejstvu pljuvacke te promenama pH vrednosti koje se desavaju
u usnoj duplji prilikom unosa odredene vrste pi¢a i hrane, kao
iizlozenost postavljenih bravica silama tokom mastikacije. Na
osnovu otisaka zuba mogu se napraviti studijski modeli ¢ija se
povr$ina moze posmatrati stereomikroskopijom, to dalje pruza
mogu¢nost pravljenja i fotomikrografija. Otisci takode mogu da
budu kori$¢eni kao uzorci sa SEM analizu, ¢ime se jo$ preciznije
moze utvrditi vrednost povriine preostalog adheziva na zubu.
Rezultati vecine in vivo studija, koje su ispitivale mesto preki-
da veze izmedu metalnih bravica i zuba, nisu pokazale veca
odstupanja u dobijenim vrednostima ARI indeksa u odnosu
na in vitro studije [24].

Bonetti i saradnici su svoje istraZivanje sproveli na 12 stu-
denata dentalne medicine, kojima su na druge premolare lepili
metalne bravice i to na 12 premolara Victory Series; na tri Mu-
nitek, Monrovia; California, pomocu kompozitnog materijala
Transbond XT,a na preostalih 12 premolara APCII Victory Se-
ries; 3M Unitek, sa ve¢ fabricki nanesenim adhezivom. Nakon
uklanjanja bravica ispitivali su povrsinu preostalog adheziva na
zubima i bravicama primenom ARI indeksa. Utvrdili su da nije
bilo statisticki znacajne razlike u distribuciji ARI ocena izmedu
dve grupe premolara, a najéesca ocena je bila ocena 3, $to je u
skladu i sa rezultatima ovog istraZivanja [25].

Jedan od faktora koji uti¢e na na¢in prekida veze izmedu
zuba i bravice prilikom uklanjanja bravica predstavlja i vrsta
bravice koja se koristi tokom terapije. Tako Mirzakouchaki i
saradnici u svojoj studiji koju su sproveli na 120 intaktnih hu-
manih premolara, na koje su postavljali metalne i keramicke
bravice, zakljucuju da je kod zuba na koje su bile postavljene
metalne bravice veci deo adheziva ostao na zubu, za razliku od
zuba na koje su bile postavljene keramicke bravice [7].

Osim materijala koji se koristi za izradu bravice, nacin reten-
cije (hemijska ili mehanicka) i dizajn baze bravice uticu kako na
jacinu ostvarene veze sa zubom, tako i na nacin njenog prekida
prilikom uklanjanja bravica. Henkin i saradnici su u svom istra-
zivanju koje je sprovedeno na 105 govedih zuba, ispitivali nacin
prekida veze izmedu zuba i sedam razli¢itih tipova metalnih
bravica (Morelli™, American Orthodontics™, TP Orthodontics™,
Orthometric™, Tecnident™, Unident™, Abzil-3M™). Nakon njiho-
vog odlepljivanja odredivali su ARI indeks stereomikroskopijom.
Uocili su razli¢itu distribuciju ARI ocena kod zuba sa razli¢itim
tipom bravica. Naj¢es¢a ocena kod zuba na koje su lepljene bra-
vice Unident™ bila je ocena 3, $to je u skladu sa rezultatima ovog
istrazivanja. Na zubima na kojima su lepljeni drugi tipovi metal-
nih bravica najce$¢a ocena je bila ocena 1, $to se moZe objasniti
razlicitim oblikom i strukturom baze metalnih bravica. Bravice
Unident™ imaju sli¢an oblik i mrezastu strukturu baze kao bra-
vice OrthoOrganizer koje su kori$¢ene u ovom istrazivanju, $to je
moglo uticati na sli¢an rezultat za ARI indeks [10].

Prilikom sprovodenja ovog istrazivanja kori$cen je svetlo-
sno-polimerizuju¢i kompozitni materijal Aspire (Ortho Classic
Orthodontics, USA), kojeg karakterise produzeno radno vreme.
Kori$¢eni materijal ne poseduje transparentnost, $to omogucava
njegovo lakse uocavanje na povrsini zuba. Veliki broj istraziva-
nja u kojima je odredivan ARI indeks istice znacaj vrste adhe-
zivnog sistema koji se koristi za postavku fiksnog ortodontskog
aparata [26].



Prilikom postavke fiksnog ortodontskog aparata prime-
¢eno je da ponekad moze do¢i do prevremene polimerizaci-
je kompozitnog materijala koji se koristi za lepljenje bravica
pod uticajem reflektora na stomatologkoj stolici. Ovo se odnosi
na situacije kada dode do vezivanja materijala pre nego $to se
bravica postavi u pravilan polozaj na povrsinu zuba. Pojedini
autori, kao $to su Tiwari i saradnici, ispitivali su i uticaj svetla,
odnosno jac¢ine reflektora stomatoloske stolice na ja¢inu veze,
kao i na mesto nastanka prekida veze izmedu zuba i bravica
lepljenih Transbond XT (3M Unitec, Monrovia, Callif, USA)
svetlosno-polimerizuju¢im kompozitnim materijalom. Svoju
studiju su sproveli na 60 humanih premolara, ekstrahovanih
u ortodontske svrhe. Najéesc¢a ocena ARI indeksa nakon odle-
pljivanja metalnih bravica je bila 3, $to je ukazalo da je najcesce
mesto prekida veze izmedu zuba i bravica bilo na granici lepka
i baze bravice, a to je u skladu sa rezultatima ovog istrazivanja.
Autori su uodili da svetlo reflektora stomatologke stolice ipak
nije imalo znacajnijeg uticaja na ja¢inu i na¢in prekida veze
izmedu zuba i bravice [14].
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U ovom istrazivanju je pronadena razlika u vrednostima po-
vrsine preostalog adheziva izmedu gornjih i donjih premolara
nakon odlepljivanja bravica. Razlika je pronadena i u vrednosti-
ma povrsine preostalog lepka na bravicama koje su odlepljene
sa ispitivanih premolara. S obzirom na to da je studija obavljena
iskljucivo na premolarima, u daljim istrazivanjima mogla bi se
ispitati razlika u povrsini preostalog adheziva i na sekuti¢ima i
molarima gornjeg i donjeg zubnog luka nakon uklanjanja bra-
vica, zbog postojanja morfoloskih razlika u obliku ovih zuba.

ZAKLYUCAK

Prilikom uklanjanja metalnih bravica naj¢es¢i nacin prekida
veze je bio izmedu adheziva i baze bravice. Prilikom uklanjanja
bravica utvrdena je statisticki znacajna razlika izmedu vredno-
sti povr$ine preostalog adheziva na gornjim i donjim premo-
larima, kao i izmedu vrednosti preostalog adheziva na bazama
bravica uklonjenih sa gornjih i donjih premolara.
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SUMMARY

Tooth agenesis is common dentofacial malformation in humans. Its etiology is still not clear. Hypodontia has been
regarded as a multifactorial condition influenced by gene function, environmental interaction and developmental
timing. More than 300 genes have been related with patterning, morphogenesis and cell differentiation in teeth. Ac-
cording to data WNT10A gene is considered to have an important role in odontogonesis.

The aim of this study was to show mutation status in WNT10A gene in a family with two members with diagnosis of
hypodontia/oligodontia. In the reported family (father, mother, son, daughter) children were diagnosed with congenital
tooth agenesis (son-2 teeth, daughter-11 teeth), while parents negated congenital absence of teeth. We identified a
heterozygous missense mutation, c.682T>A (p.Phe228lle) within the exon 3 of WNT10A in mother and father and
the same homozygous mutation was detected in the same region of WNT10A gene in daughter and son. Observed
differences in our study, from no symptoms to mild/severe hypodontia, could be the consequence of genetic influence
of c.682T>A(p.Phe228lle) mutation, but also the contribution of many environmental factors during odontogenesis.
Keywords: hypodontia/ oligodontia; homozygous; heterozygous; mutation; WNT10A gene

INTRODUCTION

Tooth agenesis is common dentofacial malformation in
humans [1]. It can occur either as an isolated character-
istic (non-syndromic form) or as a part of recognized
clinical syndrome [2]. Different terms are used to describe
this anomaly, depending on the number of congenitally
missing teeth. Hypodontia is used when one to six teeth
(excluding third molars) are congenitally missing, while
oligodontia means that more than six teeth are missing
(excluding third molars). Term anodontia is used for ex-
treme case of complete absence of teeth [3].

The etiology of tooth agenesis is still not clear. Hy-
podontia has been regarded as a multifactorial condition
influenced by gene function, environmental interaction
and developmental timing [4, 5].

More than 300 genes have been related with pattern-
ing, morphogenesis and cell differentiation in teeth so far
[6]. Tooth agenesis can be the result of different nucleo-
tide changes in genes that are involved in the process of
tooth formation. Their products are signal molecules and
transcription factors that control gene expression in dif-
ferent phases of tooth morphogenesis. According to data,
WNT10A is one of the most important candidate genes ex-
pressed in epithelial cells and through Wnt/{3-catenin signal
pathway its signal protein may activate mesenchymal cells
during early phase of odontogenesis. Moreover, WNT10A
mutations can be possible cause of tooth agenesis in af-
fected individual [6-9].

The aim of this study was to present detected muta-
tions in the WNT10A gene in a family where two mem-
bers were affected by congenital tooth agenesis.

CASE REPORT

A Serbian family (mother, father, son and daughter) pre-
sented two members (son and daughter) with diagnosis
of congenital tooth agenesis. Panoramic radiographs and
clinical examination confirmed hypo/oligodontia. All
family members were examined for other symptoms of
ectodermal dysplasia but none was detected. No panoram-
ic radiographs were available for the parents, however
they denied congenital absence of any teeth in a detailed
interview. The daughter was diagnosed with oligodontia
- 11 teeth congenitally missing (upper lateral incisors,
upper second molars, lower central and lateral incisors,
lower canines, and lower left second molar), while the son
was diagnosed with hypodontia of lower central incisors.
Panoramic radiographs and odontograms of the daughter
and the son are shown in the Figure 1.

Mutational analysis

Informed consent was obtained from the patients and the
Human Research Ethics Committee of the Faculty of Den-
tal Medicine, University of Belgrade, approved the study.
Buccal swabs from family members were used to obtain
DNA, and WNT10A mutational analysis of “hot spot” re-
gions, exon 2 and 3, was performed by method of direct
sequencing. Heterozygous missense mutation, c.682T>A,
within the exon 3 of WNT10A in mother and father (I-1
and [-2) and homozygous mutation in the same region of
WNT10A gene in daughter and son (II-1 and II-2) were
detected. Reported mutation lead to amino-acid exchange,
p.Phe228lle, that had pathological effect (Table 1, Figure 2).

Address for correspondence: Marija ZIVKOVIC SANDIC, Faculty of Dental Medicine, Department for Orthodontics,
Gastona Gravijea 2, 11000 Belgrade, Serbia; marijazivkovic86@hotmail.com
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Figure 1. Heredity of the family

Panoramic radiographs and odontograms of daughter and son
a) Oligodontia (daughter) — 11 congenitally missing teeth, b) Hypodontia (son) —

Slika 1. Rodoslovno stablo
Ortopantomografski snimci ¢erke i sina i odontogrami

a) Oligodoncija (¢erka) — urodeni nedostatak 11 stalnih zuba, b) Hipodoncija (sin) —

TTTTCTilGC-lClTTC STTITCIARCGACATTC

il

Figure 2. Missense WNT10A mutation (rs121908120) c.682T>
A[TTT—ATT] p.Phe228lle a) TA* (heterozygous mutation), b)
A*A* (homozygous mutation)

Slika 2. ,Missense” mutacija gena WNT10A (rs121908120)
c682T>A[TTT—ATT] p.Phe228lle

a) TA* (heterozigotna mutacija), b) A*A* (homozigotna mutacija)

DISCUSSION

The reported Serbian family had no manifestations of
ectodermal dysplasia. Missense mutation c.682T>A
(p.Phe228Ile) within the exon 3 of WNT10A gene was
detected in all members of the family, in heterozygous or
homozygous form. In our case report family, the pattern
of inheritance probably could be autosomal recessive or
autosomal dominant with different gene penetrance, since
there was no data of parents’ congenitally missing teeth.
Kantaputra and Sripathomsawat found the same mutation
in a family with non-syndromic hypodontia and without
other changes in ectodermal tissues [9]. They also de-
tected a c.682T>A mutation for the father (missing maxil-
lary first premolars) and two sons (one had missing upper
lateral incisors and lower second premolars, and the other
one presented with microdontia of the lower left second
premolar). The mother did not have mentioned mutation,
and she was not affected with hypodontia. Interestingly,
the mother had p.Asp217Asn mutation that was also de-
tected in the WNT10A genes of the two sons.

2 congenitally missing teeth

urodeni nedostatak dva zuba

Table 1. Family members with p.Phe228lle mutation in WNT10A
gene

Parents with heterozygous mutation and not affected

Affected daughter and son have homozygous mutation

Tabela 1. Clanovi porodice sa p.Phe228lle mutacijom gena WN-
T10A

Roditelji sa heterozigotnom mutacijom bez promena u broju zuba
Sin i ¢erka sa homozigotnom mutacijom i urodenim nedostatkom
zuba

:::::rlllliler Mother Father Daughter Son

= . Majka Otac Cerka Sin
Clan porodice

Number -1 -2 11-1 112
Broj

Gender r M r M

Pol

Missing teeth

Nedostajuci 0 0 1 2

zubi

Mutation T/A* T/A* A*[A* A*[A*
WNT10A heterozygous | heterozygous | homozygous | homozygous
(p.Phe228lle) | heterozigotni | heterozigotni | homozigotni | homozigotni

According to these clinical observations and obtained
data in our analyzed family, the mode of c.682T>A in-
heritance of WNT10A gene could probably be autosomal
dominant. Moreover, in a study of Bohring at al. pathogen-
ic mutation c.682T>A was detected in patients with ecto-
dermal dysplasia and the same mutation, considered as
disease causing, was found in healthy individuals (0.5%)
[10]. Analyzing phenotype manifestations in patients with
heterozygous mutation p.Phe228Ile, Bohring et al. also
reported that heterozygotes showed minor phenotype
manifestations associated with teeth (small, conical, sharp,
or missing upper lateral permanent incisors; agenesis of
lower right central incisor or agenesis of 2 to 6 permanent
teeth except third molars), or no manifestations at al. [10].

Similarly, in our reported family, diverse clinical mani-
festations were reported in carriers of c.682T>A WNT10A
mutation (heterozygote parents and homozygote son and
daughter). Observed differences in our study, from no
symptoms to mild/severe hypodontia, could be the con-
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sequence of genetic influence of the suspected gene, but
also the impact of many environmental factors during
odontogenesis.
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KRATAK SADRZA)

Urodeni nedostatak zuba predstavlja jednu od naj¢escih dentofacijalnih anomalija kod coveka. Etiologija hipodoncije i dalje nije
potpuno definisana i smatra se da su za njenu etiologiju odgovorni brojni genetski i sredinski faktori koji deluju u razlic¢itim fazama
razvoja zuba. Preko 300 gena povezuje se sa morfogenezom i celijskom diferencijacijom u toku razvoja zuba, a prema podacima
WNT10A gen je jedan od gena koji ima veoma bitnu ulogu u kontroli odontogeneze. Cilj ovog rada bio je da se prikaze mutacioni
status WNT10A gena u porodici sa dijagnostikovanom hipodoncijom/oligodoncijom. U prikazanoj porodici (otac, majka, sin i ¢erka)
kod dva ¢lana dijagnostikovan je urodeni nedostatak zuba (sin — dva zuba, ¢erka — 11 zuba), dok kod roditelja ovaj nedostatak nije
zabelezen. Kod svih ¢lanova porodice, u okviru egzona 3 WNT10A gena detektovana je mutacija c.682T>A (p.Phe228lle). Kod majke
i oca ova ,missense” mutacija je bila u heterozigotnom obliku, dok je kod sina i éerke utvrdeno prisustvo iste mutacije u homozigot-
nom obliku. Zabelezene razlike u analiziranoj porodici, od odsustva simptoma do blage hipodoncije i izrazite oligodoncije, mogu
biti posledica prisustva c.682T>A (p.Phe228lle) mutacije, ali takode i uticaja faktora sredine u toku odontogeneze.

Kljucne reci: hipodonciia/oligodoncija; homozigotni; heteroigotni; mutacija; WNT10A gen

uvoD

Urodeni nedostatak zuba predstavlja jednu od najces¢ih den-
tofacijalnih anomalija kod ¢oveka [1]. MoZe biti izolovana (ne-
sindromska) ili se moze pojaviti u okviru nekog klinic¢kog sin-
droma [2]. U zavisnosti od broja zuba koji urodeno nedostaju,
razli¢iti termini se koriste da se opi$e ova anomalija. Termin
hipodoncija se koristi kada urodeno nedostaje jedan do $est
zuba (iskljucujuci tre¢e molare), dok termin oligodoncija uka-
zuje da u denticiji nedostaje viSe od Sest zuba (isklju¢ujuci trece
molare). Termin anodoncija se vezuje za ekstremne slu¢ajeve
kompletnog odsustva svih zuba u vilicama [3].

Etiologija hipodoncije i dalje nije potpuno definisana. Sma-
tra se da je za etiologiju hipodoncije odgovorno vise faktora :
brojni genetski i sredinski faktori koji deluju u razli¢itim fazama
razvoja zuba [4,5].

Kao $to je vec poznato, preko 300 gena se povezuje sa mor-
fogenezom i ¢elijskom diferencijacijom u toku razvoja zuba [6].
Urodeni nedostatak zuba moze biti posledica razlicitih nukle-
otidnih izmena u genima uklju¢enim u proces odontogeneze.
Produkti ovih gena su signalni molekuli i transkripcioni faktori
koji kontroli$u ekspresije gena u razli¢itim fazama morfogeneze
zuba. Prema podacima, WNT10A je jedan od najvaznijih gena
eksprimiranih u epitelnim éelijama, i u okviru Wnt/{3-catenin
signalnog puta njegov signalni protein moze aktivirati mezenhi-
mne Celije u ranoj fazi odontogeneze. Takode, razli¢ite mutacije
WNT10A gena mogu dovesti do urodenog nedostatka zuba kod
nosioca mutacije [6-9].

Cilj ovog rada bio je da se prikaze mutacioni status WN-
T10A gena u porodici sa dijagnostikovanom hipodoncijom/
oligodoncijom.

PRIKAZ BOLESNIKA

Prikazana je ¢etvoroc¢lana porodica iz Srbije (majka, otac, sin,
¢erka) u kojoj je kod dva ¢lana (sina i ¢erke) dijagnostikovan
urodeni nedostatak zuba. Hipo/oligodoncija je potvrdena orto-
pantomografskim snimcima i klini¢kim pregledom. Utvrdeno

je da nijedan od ¢lanova porodice nije imao druge manifestacije
ektodermalne displazije. Roditelji su u anamnezi negirali posto-
janje urodenog nedostatka zuba jer ortopantomografski snimci
nisu bili dostupni. Kod cerke je dijagnostikovana oligodoncija —
urodeni nedostatak 11 zuba (gornji bo¢ni sekuti¢i, gornji drugi
molari, donji centralni i bo¢ni sekuti¢i, donji o¢njaci i donji
drugi levi molar), dok je kod sina dijagnostikovana hipodoncija
donjih centralnih sekuti¢a. Ortopantomografski snimci ¢erke i
sina sa odontogramima su prikazani na Slici 1. Clanovi porodice
su za uce$ce u studiji potpisali informisani pristanak i studija je
odobrena od strane Eti¢kog komiteta Stomatoloskog fakulteta
u Beogradu.

MUTACIONA ANALIZA

Za dobijanje genomske DNK koriscen je bris bukalne sluzokoze.
Primenom metode direktnog sekvenciranja uradena je mutaci-
ona analiza egzona 2 i 3 WNT10A gena. Kod svih ¢lanova po-
rodice identifikovana je ista mutacija (c.682T>A, p.Phe228lle).
Ta¢nije, kod majke i oca (I-1 and I-2) identifikovana je hetero-
zigotna ,missense mutacija u okviru egzona 3 WNT10A gena,
dok je kod sina i ¢erke utvrdeno prisustvo iste mutacije u ho-
mozigotnom obliku (II-1 and II-2). Dobijena mutacija dovodi
do amino-kiselinske izmene u WNT proteinu, p.Phe228lle, i
smatra se da ima patoloski efekat (Tabela 1, Slika 2).

DISKUSIJA

Na osnovu anamnestickih podataka, kod prikazane porodi-
ce nisu bile prisutne manifestacije ektodermalne displazije,
ali je kod svih ¢lanova porodice, u heterozigotnoj ili homo-
zigotnoj formi, detektovana ,missense“ mutacija, c.682T>A
(p.Phe228lle) u okviru egzona 3 WNT10A gena. Nacin nasle-
divanja date mutacije u prikazanoj porodici mogao bi da bude
autozomno recesivan ili autozomno dominantan sa razli¢itom
penetrantno$¢u gena, s obzirom na to da nema podataka o
urodenom nedostatku zuba kod roditelja koji imaju mutaci-

35



36

Zivkovi¢ Sandi¢ M. et al. Hypodontia and WNT10A mutation: a case report

ju. Kao i u nasoj analiziranoj porodici, u studiji Kantaputre i
Sripathomsawata ista mutacija je prikazana u porodici sa ne-
sindromskom hipodoncijom i bez drugih promena u ektoder-
malnim tkivima [9]. Naime, u njihovoj studiji detektovana je
mutacija ¢.682T>A kod oca (kome nedostaju gornji prvi pre-
molari) i kod dva sina (jednog sina sa nedostatkom gornjih
boc¢nih sekutica i donjih drugih premolara, a kod drugog sina
sa mikrodoncijom donjeg levog drugog premolara). S druge
strane, u istoj porodici majka nije imala pomenutu mutaciju i
nije imala urodeni nedostatak zuba. Ipak, kod majke je detekto-
vana druga mutacija, p.Asp217Asn, koja je takode bila prisutna
ikod dva sina.

Na osnovu klini¢kih podataka i mutacione analize, moze se
pretpostaviti da je na¢in nasledivanja c.682T>A mutacije WN-
T10A gena najverovatnije autozomno dominantan. Takode, u
studiji Bohringa i sar. patogena mutacija c.682T>A detektovana

je kod pacijenata sa ektodermalnom displazijom, a isto tako je
utvrdeno njeno prisustvo i kod zdravih pojedinaca (0,5%) [10].
Analizirajuci fenotipske manifestacije kod pacijenata sa hete-
rozigotnom mutacijom p.Phe228lle, Bohring i sar. [10] navode
da heterozigoti ili ne pokazuju nikakve promene, ili pokazuju
$tetne fenotipske efekte vezane za zube u manjoj ili veéoj meri
(mali, koni¢ni, o$tri gornji bo¢ni sekutiéi, ili nedostatak istih;
ageneza donjeg desnog centralnog sekutica; ageneza dva do Sest
stalnih zuba isklju¢ujudi tre¢e molare).

Sli¢no, i u nasoj prikazanoj porodici klinicke manifestacije
kod nosilaca ¢.682T>A WNT10A mutacije su razlicite (hetero-
zigotni roditelji i homozigotni sin i ¢erka). ZabeleZene razlike
u analiziranoj porodici, od odsustva simptoma do blage hipo-
doncije i izrazite oligodoncije, mogu biti posledica prisustva
c.682T>A (p.Phe228lle) mutacije, ali takode i uticaja faktora
sredine u toku odontogeneze.
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SUMMARY

Stem cells have shown great potential for in vitro tissue engineering, regenerative medicine, cell therapy and pharmaceu-
tical applications. All these applications, especially in clinical trials, will require guided production of high-quality cells.
Traditional culture techniques and applications have been performed for the majority of primary and established cell
lines and standardized for various analyses. Still, these culture conditions are unable to mimic dynamic and specialized
three-dimensional microenvironment of the stem cells’ niche from in vivo conditions. In an attempt to provide biomi-
metic microenvironments for stem cells in vitro growth, three-dimensional culture techniques have been developed.
In our study advantages of newly developed porous scaffolds as the most promising in vitro imitation of niche that
provides physical support, enables cell growth, regeneration and neovascularization, while they are replaced in time
with newly created tissue was explained. Furthermore, dynamic cultivation techniques have been described, as new way
of cell culturing that will be the main subject of our future research. In that manner, by developing an optimal dynamic
culturing method, high-quality new cells and tissues would be possible to obtain, for any future clinical application.
Keywords: stem cells; culture technique; scaffolds; ALBO-OS; bioreactor

INTRODUCTION

Stem cells (SCs) have the ability to self-renew and differ-
entiate into mature types of cells that develop all organs
and tissues in human body. There are two major catego-
ries of SCs defined by their origin and potency - embry-
onic stem cells, and adult, mesenchymal stem cells [1].
Embryonic stem cells (ESCs) are pluripotent, capable of
unlimited self-renewal and differentiation into any type
of cell in the body. Mesenchymal stem cells (MSCs) are
isolated from adult sources such as bone marrow, adi-
pose, and dental tissue. MSCs are multipotent cells that
can differentiate into a limited number of cell types. Also,
self-renewal and differentiation potential is dependent on
the tissue they are isolated from, and age of a donor. The
advantages are accessibility and less ethical concerns for
their usage [2, 3]. SCs have shown great potential for in vi-
tro tissue engineering, regenerative medicine, cell therapy
and pharmaceutical applications. All these applications,
especially in clinical trials, will require a guided produc-
tion of high-quality cells [4].

TRADITIONAL CULTURE TECHNIQUES
SCs are propagated as a monolayer in two-dimensional

(2-D) plastic culture plates. 2-D culture techniques and
applications have been practiced for the majority of pri-

mary and established cell lines and standardized for vari-
ous analyses, from isolation and characterization of cells,
to the studies of diseases development and drug testing
[5]. To grow cells on plastic culture dishes, ESCs have to
be seeded on precoated surface to aid in attachment. 2-D
expansion of ESCs has been improved by applying de-
fined and xenogenic-free culture media and attachment
substrates. However, uniform expansion of ESCs is still
difficult to achieve as 2-D culture methods for propaga-
tion of ESCs are challenging, expensive and require high
level of expertise [5, 6]. Differentiation of ESCs has been
achieved by using specific induction media into ectoder-
mal, mesodermal, and endodermal lineages. An important
advantage of monolayer culture is controlled differentia-
tion of human ESCs that allows uniform treatment for dif-
ferentiation of cells. However, differentiation in monolayer
culture often results in mixed populations of differenti-
ated cells [4, 5,7].

Unlike embryonal, MSCs have natural ability to ad-
here to plastic and glass surfaces. Xenogenic substrates are
not necessitated for attachment, although they are usually
cultured in the media containing animal serum. Use of
animal-derived media can potentially transmit pathogens
and limit reproducibility between cultures. Recently, xe-
nogenic-free media has become available for cultivation
of MSCs [8]. Expansion of MSCs in monolayer has its
limitations. Monolayer culture needs routine passaging
to maintain self-renewal and potency of cells, which is
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highly inefficient for large-scale expansion of cells. Main-
tenance of uniform distribution, growth, and harvesting
processes is needed and consequently, heterogeneity is
minimized and cell yield is high. Phenotypic changes oc-
cur in MSCs while culturing in monolayers, and cells’ fate
and differentiation potential are altered after numerous
passages [9]. Despite the limitations, 2-D culture has been
used for differentiation of MSCs into many specialized
cells, including chondrocytes, osteocytes, adipocytes, car-
diomyocytes, smooth muscle cells, and hepatocytes, by us-
ing cell-specific differentiation media [10, 11]. Assessment
of differentiation stages is commonly done by specific
transcriptional gene expression and extracellular matrix
(ECM) depositions. The main downside of monolayer
differentiation is a lack of providing functionally com-
petent cells. They often differentiate into precursor-like
cells, suggesting the possibility to re-differentiate during
extended culturing [4]. Prior to clinical application, modi-
fication of differentiation protocols should be made. Over-
all, 2-D culture conditions are unable to mimic dynamic
and specialized three-dimensional (3-D) microenviron-
ment of the SC niche from in vivo conditions.

THREE-DIMENSIONAL CULTURE TECHNIQUES

In an attempt to provide biomimetic microenvironments
for stem cells in vitro growth, 3-D culture techniques have
been developed. These methods have a common goal to
mimic the ECM composition and stiffness of SC niche in
vitro. Challenge lies in protocol optimization depending
on cell type and the aim of analysis [4]. Therefore, the
uniform expansion of SCs without loss of genetic stabil-
ity or differentiation potential has to remain regardless
of applied technique.

Static three-dimensional culture
1. Spheroids

Formation of spheroids that consist of cell aggregates
and allow cell interactions in the absence of additional
substrates is one of the simplest 3-D culturing method. A
wide range of adherent cell types have the ability to form
spheroids by spontaneous cell aggregation when they are
seeded in low-adhesion culture plates in suspension cul-
ture, in a form of a hanging drop, or in rotating culture [7,
12]. MSCs are successfully maintained and expanded by
spheroid method where they exhibited increased clonal
growth and multipotency, and activation of pluripotency
genes. However, as in monolayer cultivation, long-term
culture of MSCs in spheroids spontaneously led to dif-
ferentiation [12]. In comparison with monolayer culture,
MSCs grown in 3-D spheroids have shown increased
chondrogenic and osteogenic differentiation in vitro. In
particular, chondrogenic differentiation of MSCs has been
shown as more effective in high-density cell culture meth-
ods utilizing pellet culture or spheroids, in comparison
to 2-D culture. Still, this method is not applicable for cell
expansion due to the inability to control aggregate size,

leading to agglomeration, apoptosis, and inhibition of cell
proliferation [13]. Depending on tissue that cells are iso-
lated from, spheroids could consist of heterogeneous pop-
ulation of cells, with different proliferative capacity. Even
more important drawback is limited diffusion of oxygen
and nutrients in the center of the spheroid, which gradu-
ally leads to a hypoxic environment, and at the end, forma-
tion of necrotic center. Due to these drawbacks, spheroids
have been more successfully employed in study of 3-D cell
structures, cell differentiation and cancer biology rather
than homogenous cell proliferation and production of
high-quality uniform cell cultures [13, 14].

2. Scaffolds

Various natural and synthetic biocompatible and bio-
degradable materials have been used to mimic the bio-
chemical and biophysical properties of SC niches that
stimulates cell proliferation and/or differentiation. Natu-
ral biomaterials (agarose, fibronectin, hyaluronic acid, chi-
tosan) in vitro often transduce biological signals to cells
[15]. As a result, biomaterials can aid in cell maintenance
and differentiation. However, problems such as variabil-
ity and the potential of xenogenic media components to
cause disease limit their use [15, 16]. Synthetic polymers
(polyethylene glycol, poly-1-lysine, poly-lactic acid, poly-
glycolic acid, and poly-dl-lactic acid-co-glycolic acid)
are the group of artificially made scaffolds with differ-
ent mechanical properties (pore size, elasticity, adhesion,
tensile strength) [17-22]. Biodegradable, porous scaffolds
represent the most promising in vitro imitation of SC
niche that provides physical support, enables cell growth,
regeneration and neovascularization, while they were
replaced in time with new bone [23, 24, 25]. Innovative
scaffold construction that consists of ceramic part mim-
icking bone structure, and thin polymer layer above that
contribute its’ better mechanical properties and biocom-
patibility, showed to be very promising biomaterial for
bone tissue engineering (Figure 1) [21, 25, 26]. Scaffolds
are commonly used as carriers that mimic ECM, promote
expansion, migration, and differentiation of SC. For SC
culturing, scaffolds can be prefabricated, afterward, cells
are seeded onto the scaffold, and allowed to migrate and
proliferate [20, 27, 28]. Scaffolds can incorporate growth
factors and cytokines, and provide mechanical stimula-
tion for SC differentiation. On the other side, there are
scaffolds with self-assemble encapsulating cells that are
incorporated in biomaterial at the time of its fabrication.
Due to these advantages, prefabricated scaffolds are com-
monly used for seeding SCs prior to their differentiation
and usage in tissue engineering [28]. We recently reported
successful application of composite scaffold, combination
of calcium hydroxyapatite and poly (lactic-co-glycolic)
acid, named ALBO-0S, as a bone substitute [21,25]. Scaf-
fold with very high porosity and nanotopology showed
to be very suitable for cell adhesion and proliferation
(Figure 2), providing larger surface area, allowed better
adhesion and provided more area for differentiation of
MSCs [24]. Furthermore, it has been shown the formation
of new mineralized matrix, osteoconductive and certain



Figure 1. Micro CT volume reconstruction of ALBO-OS carrier;
porous biomaterial has ideal micro- and nano-porosity, trabecular
thickness, cylindrical shape of the pores, pore diameter and con-
nectivity of bone scaffold model

Slika 1. Mikro CT zapreminska rekonstrukcija ALBO-OS nosaca,
poroznog biomaterijala idealne mikro i nanoporoznosti, debljine
trabekula, pora cilindri¢cnog oblika, dijametra i medusobne pove-
zanosti modela kostanog zamenika

osteoinductive effect (Figure 3). Compressive strength of
ALBO-0S showed to be a good mechanical support dur-
ing the whole period of its transformation into new bone
(21,24, 25].

It has been shown that scaffold mechanical properties
stimulate differentiation of MSCs into various lineages.
Softer substrates induced MSC differentiation into neural
and beta islet cells, chondrocytes and adipocytes. On the
other hand, increase in substrate stiffness supported MSC
differentiation into myoblasts and osteoblasts. Compres-
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Figure 2. Stem cells from apical papilla (SCAP), from 5" passage,
after 5 days of cell culture seeded on ALBO-OS carrier. Yellow arrow
points tight contact of scaffold and confluent SCAP; blue arrow
points scaffold particles released in growth medium during cultur-
ing covering SCAP.

Inverted microscope, 100x

Slika 2. Mati¢ne Celije poreklom iz apikalne papile (SCAP), iz pete
pasaze, posle pet dana gajenja celija na ALBO-OS nosacu. Zuta
strelica pokazuje na bliski kontakt nosaca i gusto naseljenih SCAP;
plava strelica pokazuje sitne delove nosaca oslobodene u hranljivom
medijumu koje prekrivaju SCAP.

Invertni mikroskop, 100x

sive forces mimicking joint action via mechanotransduc-
tive scaffold increased chondrogenic gene expression in
MSCs [27, 28]. Since the composition and mechanical
properties of biomaterials guide MSCs differentiation into
specific cell lineages, it is important to be optimised and
easily producible. Cell-cell and cell-ECM interactions in
static 3-D culture during maintenance and expansion of

medium as a control (C). White arrows point on numerous calcium deposits in the red colored complex of newly deposited mineralized
extracellular matrix, suggesting significant osteoinductive potential of ALBO-OS. In control no mineralization was observed except some

spontaneous mineralized nodules.
Inverted microscope, 40x (A), 100x (B, C).

Slika 3. Bojenje SCAP Alizarin crvenim nakon 21 dana gajenja celija na ALBO-OS nosac¢u u hranljivom medijumu (A i B), i samih SCAP
gajenih u hranljivom medijumu kao kontrolna grupa (C). Bele strelice pokazuju na brojne kalcijumske nakupine obojene crvenom bojom
u kompleksu novostvorenog mineralizovanog vancelijskog matriksa, ukazujuci na znacajan osteoinduktivni potencijal ALBO-OS nosaca.
U kontroli mineralizacija nije uocena, osim pojedinacnih spontano mineralizovanih ¢vorica.

Invertni mikroskop, 40x (A), 100x (B, C).
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MSCs can provide insight on basic cell biology processes
and mechanisms. The main challenge of 3-D static cultiva-
tion remains extensive cell expansion in individual scaffold
constructs. By increasing in size of scaffold, cell growth in
the center could be compromised in a similar way as in
spheroids. Flow of oxygen, nutrients, and waste in whole
scaffold space might be limited [4]. Methods that could
provide 3-D cell growth and expansion without nutritional
drawbacks are the subject of current investigations.

Dynamic three-dimensional culture

Bioreactors are used to enable, monitor, and control bio-
logical processes. In tissue engineering, they enable cul-
turing high densities of cells, allow cell growth and prolif-
eration, and minimise variability observed in traditional
culturing. The new way of cell culturing requires defined
and well-regulated conditions regarding temperature,
oxygen and nutrients concentration, pH, as well as me-
tabolites removal. Various types of 3-D culture techniques
provide effective cell proliferation and differentiation [29].
There are differences in techniques used to develop bio-
reactor systems that affect their application.

Several bioreactor designs have been developed during
recent years that can be used for expansion and guided
differentiation from a single cell to tissue culture. Spin-
ner flasks are one of the simplest and most convenient
bioreactor systems. They operate by using local hydrody-
namic forces that create shear stress on cells. In the center
of the system is cell/scaffold assemble, while magnetic
bar provides a constant flow of medium around scaffold.
The system is placed in an incubator with controlled con-
ditions. The degree of shear stress is defined by stirring
speed. The downsides represent possibility of dense layer
formation of cells on surface that could compromise nu-
trition of cells in the center, and unequal shear stress, with
the highest level at the bottom of the flask [30]. Rotating
bioreactors were designed for improved control of shear
stress by horizontal rotation and simulation of micro-
gravity. In this way limitations regarding the equal flow
of nutrients and waste products are reduced [31]. The
awareness of limitations of diffusion systems based on
rotation led to development of perfusion bioreactors. Flow
perfusion systems allow constant exchange of nutrients
and waste, providing better control of culture parameters.
They enable transport of nutrients and oxygen through
the entire scaffold, while media must be changed at reg-
ular intervals [32]. Lastly, mechanical force bioreactors
have been developed to mimic tissue physiology, by using
direct mechanical strain such as compressive and tensile
forces. Mechanical stimulation could be in the form of
bending, stretching, contraction and compression. It has
been shown that direct mechanical stimulation induced
proliferation, osteogenic differentiation, and formation
of ECM. A drawback could be diffusional limitations in
larger constructs [33].

Future prospective research should include culturing of
MSCs on porous scaffolds as promising tool for cells ex-
pansion and differentiation, in dynamic constructions, as
tlow perfusion systems, that would provide homogenous

culturing conditions. In that manner, high-quality new
cells and tissues would be possible to obtain regardless
of scaffold size, which represents qualitative foundation
for any clinical research.

CONCLUSION

Biomedical applications of stem cells require production
of high number of uniform cells that nowadays well ex-
ceed millions of cells produced by traditional culturing
techniques. Recent studies have shown that transplanta-
tion of higher cell concentration had better outcome. Bil-
lions to trillions of cells will be required in clinical trials
involving cell therapy. Advancements in the developing
xenogenic-free media, culturing techniques and devices
are of great importance. Large scale of cell culturing de-
mands collaboration between biomedical researchers
and engineers, to develop an optimal dynamic culturing
method that will provide therapeutic use of stem cells.
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KRATAK SADRZA)

Maticne Celije su pokazale veliki potencijal za primenu u tkivnom inzenjerstvu u in vitro uslovima, regenerativnoj medicini, le¢enju
mati¢nim ¢elijama i farmaceutskoj primeni. Sve ove grane, posebno primena u klini¢kim istrazivanjima, zahtevace kontrolisano
stvaranje visokokvalitetnih celija. Tradicionalnim tehnikama izolovana je vecina primarnih Celijskih kultura i celijskih linija, i vre-
menom su one postale standardne tehnike za razlicite Celijske analize. Ipak, ovi uslovi gajenja nisu u moguénosti da imitiraju
dinamicne, trodimenzionalne uslove mikrosredine nise mati¢nih celija iz in vivo uslova. U pokusaju da se obezbede navedeni uslovi
i uin vitro uzgajanju Celija, razvile su se trodimenzionalne tehnike gajenja celija. U ovom preglednom radu opisujemo prednosti
novorazvijenih poroznih nosaca celija, kao kljucnih cinilaca u imitaciji ¢elijske niSe koji obezbeduju mehanicku potporu, omogucuju
rast Celija, regeneraciju i razvoj novih krvnih sudova, dok vremenom bivaju razgradeni i zamenjeni novostvorenim tkivom. Dalje,
tehnike dinami¢nog gajenja Celija su opisane kao vid novog nacina gajenja cCelijskih kultura koji predstavlja i pravac nasih budu¢ih
istrazivanja. U tom smislu, razvijajuci optimalan, dinamicki model gajenja celija, bice moguce obezbediti nove ¢elije i tkiva visokog

kvaliteta za sva dalja klinicka istrazivanja.

Klju¢ne reci: maticne celije; tehnike gajenja; nosaci; ALBO-OS; bioreaktor

uvoD

Mati¢ne ¢elije (MC) imaju sposobnost samoobnavljanja i usme-
ravanja u pravcu zrelih tipova celija koje grade sva tkiva i organe
ljudskog organizma. Postoje dve osnovne grupe MC definisane
po poreklu i potentnosti — embrionalne mati¢ne Celije i zrele,
mezenhimalne mati¢ne Celije [1]. Embrionalne mati¢ne ¢eli-
je (EMC) jesu pluripotentne, sa sposobnos¢u neogranicenog
samoobnavljanja i usmeravanja u pravcu svih tipova Celija
prisutnih u organizmu. Mezenhimalne mati¢ne ¢elije (MMC)
izolovane su iz zrelih tipova tkiva, kao $to su kostana srz, ma-
sno tkivo i tkiva usne duplje. MMC su multipotentne Celije koje
mogu biti usmerene u ogranicen broj Celijskih tipova. Takode,
sposobnost samoobnavljanja i usmeravanja zavise od vrste tkiva
iz kojih su izolovane i starosti davaoca tkiva. Prednosti MMC su
laka dostupnost i to $to njihova primena povla¢i manje etickih
pitanja [2, 3]. MC su pokazale veliki potencijal za primenu u
tkivnom inZenjerstvu u in vitro uslovima, regenerativnoj medi-
cini, le¢enju mati¢nim ¢elijama i farmaceutskoj primeni. Sve ove
grane, posebno primena u klinickim istrazivanjima, zahtevace
kontrolisano stvaranje visokokvalitetnih ¢elija [4].

TRADICIONALNE TEHNIKE GAJENJA CELIJA

MC se uzgajaju u vidu jednog sloja ¢elija, u dve dimenzije (2-D),
na plasticnim podlogama ploca i boca namenjenih uzgajanju
¢elija. Gajenje Celija u 2-D uslovima primenjeno je na vecini
primarnih Celijskih kultura i ¢elijskih linija, i standardizova-
no za razlicite analize, od izolacije i karakterizacije ¢elija do
istraZivanja razvoja oboljenja i testiranja lekova [5]. Da bi se
uzgajale na plasti¢nim podlogama, EMC se moraju zasejati na
prethodno pripremljene povrsine kako bi se olaksalo vezivanje
¢elija za podlogu. Gajenje EMC u 2-D uslovima pobolj$ano je
primenom odredenih hranljivih medijuma bez prisustva pro-
teina zivotinjskog porekla i dodataka za poboljsanje vezivanja

¢elija za podlogu. Medutim, ujedna¢eno umnozavanje EMC se
i dalje tesko postize u 2-D uslovima usled zahtevnih, skupih
metoda, koje zahtevaju veliki stepen stru¢nosti [5, 6]. Primenom
posebnih indukcionih medijuma EMC su usmerene ka ektoder-
malnoj, mezodermalnoj i endodermalnoj lozi. Vazna prednost
gajenja EMC u jednom sloju jeste kontrolisano usmeravanje
celija koje omogucuje podjednaku izloZenost ¢elija medijumu.
Ipak, ovakvo usmeravanje cesto za rezultat ima mesovitu popu-
laciju zrelih éelija [4, 5,7].

Za razliku od embrionalnih, MMC poseduju prirodnu spo-
sobnost da se lepe za plasti¢nu i staklenu podlogu. Proteini Zivo-
tinjskog porekla nisu potrebni za podsticanje lepljenja celija za
podlogu, ali se ¢elije uglavnom uzgajaju u medijumu koji u sebi
sadrzi serum Zzivotinjskog porekla. Primena takvih medijuma
moze biti potencijalni izvor prenosivih patogena i ograniciti
ponovljivost ogleda. U skorije vreme razvijeni su i medijumi
za uzgajanje MMC bez prisustva proteina Zivotinjskog porekla,
$to predstavlja neophodan uslov za buducu klini¢ku primenu
MMC [8]. Pri gajenju MMC u 2-D uslovima javljaju se odredena
ogranicenja. Celije gajene u jednom sloju zahtevaju redovno
presadivanje kako bi se zadrzala potentnost i sposobnost sa-
moobnavljanja, §to je veoma neisplativo u sluc¢aju uzgajanja
velikog broja ¢elija. Neophodno je odrzavati podjednake uslove
rasporedenosti, rasta i prikupljanja celija, posledi¢no umanjiti
mogucnost heteregenosti u kulturi i obezbediti visok prinos
Celija. Tokom uzgajanja javljaju se fenotipske promene i ¢elije
gube potencijal rasta i usmeravanja nakon odredenog broja
pasaza [9]. Uprkos ograni¢enjima, izlaganjem Celija posebnim
medijumima u 2-D uslovima, MMC su usmerene ka razlicitim
tipovima specijalizovanih ¢elija, uklju¢ujuci hondrocite, osteo-
cite, adipocite, kardiomiocite, glatke misi¢ne celije i hepatocite
[10, 11]. Procena stadijuma diferentovanosti Celija se najcesce
utvrduje veli¢inom ispoljavanja gena specifi¢nih za odredeni
tip zrelih ¢elija i kvalitativnim bojenjem depozita vancelijskog
matriksa (VCM). Osnovni nedostatak usmeravanja ¢elija u 2-D
uslovima jeste izostanak stvaranja funkcionalno aktivnih celija.



One cesto diferentuju u prekursorne celije, te postoji mogu¢-
nost da tokom vremena dediferentuju [4]. Pre klini¢ke primene
neophodno je izvrsiti izmene u protokolima za usmeravanje
¢elija. Uopsteno, 2-D uslovi gajenja Celija nisu u mogucnosti da
imitiraju dinami¢nu i specijalizovanu trodimenzionalnu (3-D)
mikrosredinu nise u kojoj rastu MC u in vivo uslovima.

TRODIMENZIONALNE TEHNIKE GAJENJA CELIJA

U pokusaju stvaranja mikrosredine u kojoj se imitiraju bioloski
uslovi rasta MC u in vitro uslovima, razvijene su 3-D tehnike
gajenja Celija. Zajednicki cilj ovih metoda jeste imitacija sastava
VCM i rigidnosti ni$e u in vitro uslovima. Izazov predstavlja
optimizacija protokola zavisno od tipa ¢elija i cilja analize [4].
Stoga, ravnomerno umnozavanje MC bez gubitka geneticke
stabilnosti ili potencijala za usmeravanje ka specijalizovanim
¢elijama se mora ocuvati nezavisno od primenjene tehnike.

Stati¢na trodimenzionalna kultura
1. Sfere

Sfere su jedan od osnovnih 3-D metoda gajenja Celija i pred-
stavljaju nakupine ¢elija u kojima je omogucena meducelijska
interakcija u odsustvu drugih faktora. Veliki broj razli¢itih ti-
pova Celija ima sposobnost spontane agregacije kada se zaseju
u suspenziji u plo¢ama za gajenje Celija sa niskim stepenom
adhezije, u obliku visece kapi ili u rotacionim bocama [7, 12].
MMC se uspesno odrzavaju i gaje u sferama, ispoljavajuci po-
vecanje klonalnog rasta i multipotentnosti i aktivaciju gena
odgovornih za pluripotentnost. Medutim, kao i pri gajenju u
2-D uslovima, dugotrajno odrzanje MMC u sferama spontano
dovodi do njihovog sazrevanja [12]. Osteogena i hondrogena
diferencijacija je uspe$nija kod MMC gajenih u 3-D sferama,
u poredenju sa 2-D uslovima diferencijacije. Hondrogena di-
ferencijacija se pokazala posebno efikasnom kada su se Celije
gajile u vidu velike nakupine ¢elija ili u vidu sfera, u poredenju
sa gajenjem Celija u jednom sloju. Ipak, ovaj metod nije primen-
ljiv za umnozavanje celija usled nemogu¢nosti kontrole veli¢ine
stvorene nakupine celija, $to dovodi do prerastanja, odumiranja
i zaustavljanja Celijskog umnozavanja [13]. Zavisno od tkiva iz
kojeg su ¢elije izolovane, sfere se mogu sastojati od heterogene
populacije ¢elija, sa razli¢itim potencijalom umnozavanja. Jos
vazniji nedostatak jeste ogranicen protok kiseonika i hranlji-
vih materija u sredistu sfere, $to postepeno vodi u sredinu sa
snizenim nivoom kiseonika i, na kraju, stvaranja nekroti¢nog
centra. Zbog navedenih nedostataka, sfere se viSe primenjuju
pri izu¢avanju samih 3-D celijskih kultura, usmeravanja ka zre-
lim ¢elijama i biologije tumora, pre nego za umnozavanje celija
homogene populacije i stvaranja visokokvalitetnih i uniformnih
Celijskih kultura [13, 14].

2. Nosadi

Razli¢iti prirodni i vestacki biokompatibilni i biorazgradivi
materijali se primenjuju za imitaciju biohemijskih i biofizi¢kih
svojstava MC niSe koja podsti¢e umnozavanje i/ili usmeravanje
Celije. Prirodni biomatrijali (agaroza, fibronektin, hijaluronska
kiselina, citosan) u in vitro uslovima ¢esto prenose bioloske si-
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gnale Celijama [15]. Kao rezultat, biomaterijali mogu podstai
odrzanje Celija i usmeravanje. Medutim, problem kao $to je
raznolikost i mogu¢nost prenosa odredenih bolesti preko ma-
terijala Zivotinjskog porekla ograni¢avaju njihovu primenu [15,
16]. Sintetski polimeri (polietilen glikol, polilizin, polilakti¢éna
kiselina, poliglikolna kiselina, polilaktid-koglikolna kiselina)
predstavljaju grupu vestacki napravljenih nosaca razlicitih me-
hanickih svojstava (veli¢ina pora, elasti¢nost, adhezija, zatezna
¢vrstoca) [17-22]. Biorazgradivi, porozni nosaci elija predstav-
ljaju klju¢ne ¢inioce u imitaciji ¢elijske nise koji obezbeduju
mehanicku potporu, omogucuju rast Celija, regeneraciju i ra-
zvoj novih krvnih sudova, dok vremenom bivaju razgradeni i
zamenjeni novostvorenim tkivom [23, 24, 25]. Inovativni nosa¢
napravljen od keramickog dela koji imitira ko$tanu strukturu i
tankog sloja polimera preko, koji doprinosi boljim mehanickim
svojstvima i biokompatibilnosti, pokazao se kao veoma dobar
biomaterijal namenjen primeni u ko$tanoj regeneraciji (Slika
1) [21, 25, 26]. Nosadi se Eesto primenjuju za imitaciju VCM,
podsti¢u umnoZavanje, migraciju i sazrevanje MC. Mogu biti
napravljeni od biomaterijala, nakon cega se Celije zasejavaju,
migriraju i zatim se umnozavaju u samom nosacu [20, 27,
28]. Takvi nosaci u sebi mogu sadrzati faktore rasta i citoki-
ne i obezbediti mehani¢ku stimulaciju za usmeravanje MC.
S druge strane, u nosace se mogu ugraditi inkapsulirane Celije
u vreme njihovog pravljenja. Napravljeni nosaci se ¢esto prime-
njuju za zasejavanje MC pre njihovog usmeravanja i primene
u tkivnom inZenjerstvu [28]. Nedavno smo objavili uspe$nu
primenu kompozitnog nosaca, koji predstavlja kombinaciju
kalcijum-hidroksiapatita i polilaktid-koglikolne kiseline, pod
imenom ALBO-O0S, kao kostanog zamenika [21, 25]. Nosa¢ ve-
like mikro i nanoporoznosti pokazao se kao veoma pogodan za
¢elijsku adheziju i umnozavanje (Slika 2), obezbeduju¢i veliku
povrsinu, bolju adheziju i veéi prostor za usmeravanje MMC
[24]. Nadalje, pokazano je stvaranje novog mineralizovanog ma-
triksa, osteokonduktivno i odredeno osteoinduktivno dejstvo
na Celije (Slika 3). U in vivo uslovima se pokazalo da ALBO-0S
ima zadovoljavajucu zateznu ¢vrstocu i pruza dobru mehanicku
potporu tokom ¢itavog perioda stvaranja nove kosti [21,24, 25].

Pokazano je da mehanicka svojstva nosaca podsti¢u usme-
ravanje MMC ka razlicitim ¢elijskim tipovima. Meksi supstrati
podsti¢u MMC da diferentuju ka neuralnim i beta ¢elijama,
hondrocitima i adipocitima. S druge strane, povecanje rigid-
nosti podsti¢e usmeravanje ka mioblastima i osteoblastima. Stu-
dija u kojoj je nosac prenosio mehanicki stres na MMC silama
pritiska koje imitiraju pokret zgloba pokazala je uticaj nosaca na
povecanje ispoljavanja gena odgovornih za hondrogenu diferen-
cijaciju [27,28]. Posto sastav i mehanic¢ka svojstva biomaterijala
vode MMC da diferentuju u posebne ¢elijske tipove, vazno je
da budu dobro definisani i da se mogu jednostavno proizvesti.
Interakcija izmedu Celija i ¢elija i VCM u stati¢noj 3-D kulturi
tokom odrZanja i umnozavanja MMC moze omoguciti uvid u
osnovnu biologiju ¢elijskih procesa i mehanizama. Glavni iza-
zov stati¢ne 3-D kulture ostaje umnoZzavanje velikog broja celija
u individualnom nosacu. Kako se nosa¢ uvecava, rast ¢elija u
njegovom centru moze biti ugrozen na sli¢an nacin, kao $to
je to sluc¢aj u sferama. Protok kiseonika, hranljivih materija i
produkata metabolizma u ¢itavom prostoru nosac¢a moze biti
ograni¢en [4]. Metode koje mogu omoguc¢iti rast Celija u 3-D
uslovima bez nutritivnih nedostataka predstavljaju predmet
trenutnih istrazivanja.
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Dinamiéna trodimenzionalna kultura

Bioreaktori omogucuju odvijanje, nadzor i kontrolu bioloskih
procesa. U tkivnom inZenjerstvu omogucavaju uzgajanje velike
gustine Celija, rast i umnozavanje Celija i umanjuju raznolikost
prisutnu u stati¢cnim uslovima uzgajanja celija. Novi nacin uzgaja-
nja Celija traZi definisane i dobro kontrolisane uslove temperature,
koncentracije kiseonika i hranljivih materija, pH sredine, kao i
uklanjanje produkata metabolizma. Razlic¢ite vrste 3-D tehnika
uzgajanja Celija obezbeduju dobro umnozavanje i usmeravanje
MC ka zrelim ¢elijama [29]. Razli¢ite tehnike koje su primenjene
u razvoju sistema bioreaktora odreduju njihovu namenu.

U proteklih nekoliko godina razvijeno je vise tipova biore-
aktora namenjenih umnozavanju i vodenoj diferencijaciji od
pojedinacne Celije do uzgajanja tkiva. Rotirajuce boce za gaje-
nje ¢elija su najjednostavniji i najprakti¢niji sistem bioreaktora.
Lokalne hidrodinamske sile predstavljaju osnovu sistema i na
Celije deluju silama smicanja. U sredi$tu sistema se nalazi nosac
sa Celijama, dok magnetna mesalica omogucuje stalni protok
medijuma oko nosaca. Sistem je smesten u inkubatoru sa kon-
trolisanim uslovima sredine. Vrednost sila smicanja definisana
je brzinom mesanja medijuma. Nedostaci ove metode sadrzani
su u mogucnosti stvaranja gustog sloja ¢elija na povrsini, koje
mogu ugroziti ishranu ¢elija u dubljim strukturama nosaca,
kao i stvaranja nejednakih sila smicanja, uz najvece vrednosti
na dnu boce u kojoj se Celije gaje [30]. Iz potrebe za boljom
kontrolom sila smicanja osmisljeni su rotirajuci bioreaktori sa
horizontalnom rotacijom i simulacijom mikrogravitacije. Na
ovaj nacin ogranicenja vezana za jednak protok hranljivih ma-
terija i produkata metabolizma su smanjena [31]. Kada su se
uvideli nedostaci vezani za sisteme zasnovane na rotaciji, doslo
je do razvoja bioreaktora sa perfuzijom. Sistemi sa perfuzijom
omogucuju stalnu razmenu hranljivih materija i produkata me-

tabolizma, $to omogucuje bolju kontrolu parametara za gajenje
¢elija. Prenos hranljivih materija i kiseonika se odvija kroz ¢itav
nosac, dok se medijum u sistemu menja u redovnim intervalima
[32]. Na kraju, bioreaktori sa dejstvom mehanickih sila su osmi-
$ljeni kako bi se imitirala fiziologija tkiva, primenjuju¢i direktne
mehanicke sile zatezanja i pritiska. Mehanicka stimulacija moze
biti u vidu savijanja, istezanja, skupljanja i pritiska. Pokazano je
da direktna mehanicka stimulacija podsti¢e umnozavanje celija,
njihovu osteogenu diferencijaciju i stvaranje mineralizovanog
VCM. Potencijalni nedostatak moZe predstavljati ogranicenje u
protoku medijuma kod vecih nosada [33].

Buduca prospektivna istrazivanja bi trebalo da ukljuce gaje-
nje MMC na poroznim nosacima kao najpogodnijim struktu-
rama za umnozavanje i usmeravanje Celija u dinami¢nim siste-
mima, kao $to je bioreaktor sa perfuzijom, kako bi se omogucili
homogeni uslovi gajenja. U tom smislu, bi¢e omogucen razvoj
visokokvalitetnih novih ¢elija i tkiva nezavisno od veli¢ine no-
saca, $to predstavlja kvalitetnu osnovu za sva buduca klinicka
istrazivanja.

ZAKLJUCAK

Primena mati¢nih ¢elija u biomedicini zahteva gajenje velikog
broja uniformnih ¢elija, koji premasuje milione ¢elija koje je
danas moguce gajiti tradicionalnim tehnikama. Nedavne stu-
dije su pokazale da transplantacija velikog broja celija daje bolji
ishod lecenja. Klinicke studije koje ¢e ukljuciti celijsku terapiju
¢e zahtevati milijarde i trilione novih ¢elija. Napredak u pri-
meni medijuma bez proteina zivotinjskog porekla, tehnikama
uzgajanja i opremi su od velike vaznosti. Gajenje velikog broja
Celija zahteva saradnju istrazivaca iz oblasti biomedicine i inze-
njerstva, kako bi se razvio optimalni dinamic¢ni metod gajenja
Celija koji ¢e omoguciti sprovodenje Celijske terapije.
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I, dopunjeno izdanje

Autor: profesor Dragoslav Stamenkovic¢
lzdava¢: DATASTATUS, Beograd, 2018.
466 strana, 705 slika

Postovane kolege,

Imam veliko zadovoljstvo da vas informi-
$em da je u januaru 2018. godine iz Stampe
izala knjiga ,,STOMATOLOSKA PROTETI-
KA - parcijalne parcijalne proteze® u svom
dopunjenom obliku, autora profesora Drago-
slava Stamenkovica.

Sistemati¢no i nadahnuto, autor je nakon
cele jedne decenije prisutnosti prethodnog
izdanja, koje je uveliko rasprodato, odluc¢io
da stomatolosku stru¢nu i nau¢nu javnost
obraduje novim izdanjem. Prateci nove teh-
nologije, bez kojih savremena stomatologija
ne bi mogla da ponese epitet moderne i apli-
kativne discipline, autor sagledava potrebu
da se osvrne u dopunjenom rukopisu na sve
prisutniju digitalizaciju, robotiku i nove ge-
neracije materijala u stomatoloskoj praksi.

Knjiga savremenog izgleda i kvalitetne
$tampe, a ponovo prepoznatljivog dizajna,
iznedrenog u ranijim publikacijama i udzbenicima Klinike za
stomatolosku protetiku Stomatoloskog fakulteta u Beogradu, na-
pisana je na 466 strana, tematski je definisana kroz 12 poglavlja i
72 naslova, ilustrovana sa 705 crteza i slika, te obogacena re¢ni-
kom sa 134 najfrekventnija termina iz oblasti parcijalne proteze.

Kratko ¢u se osvrnuti na sadrzaj knjige, kako bih ¢itaocima
pojasnila sustinu stiva, koje ¢e sigurno uskoro drzati u rukama,
a kasnije za duze vreme ¢uvati u svojim stru¢nim bibliotekama.

Tako je prvo poglavlje knjige posveceno bioloskim osno-
vama koje su prvi znacajni koraci u indiciranju, planiranju i
izradi parcijalnih proteza. Drugo poglavlje govori o oblicima
parcijalnih plocastih proteza, da bi se trece poglavlje in extensio
bavilo parcijalnom skeletiranom protezom, njenim planiranjem,
retencijom i biostatikom, vesto spajajuci potrebno znanje i krea-
tivnost stomatologa. Kompleksne parcijalne proteze, ¢esto ozna-
¢ene kao ,zlatni standard” u zbrinjavanju krezubih pacijenata,
opisane su u Cetvrtom poglavlju. Peto, Sesto i sedmo poglavlje
veoma interesantno govore o specijalnim oblicima parcijalnih
proteza, sa posebnim osvrtom na proteze sa preciznim veznim
elementima ili one u ¢ijem se sastavu nalaze sistemi dvostrukih
kruna. Ovde se autor, kao dopunu postoje¢em tekstu, osvrée
i na bezmetalne parcijalne skeletirane proteze kao novi oblik
proteza, promovi$uéi primenu savremenih polimernih materi-
jala u njihovoj izradi. Slucajevi suptotalne krezubosti, u praksi
tesko resive indikativne dileme, kao i mogu¢nosti terapijskih
modaliteta diskutovani su u osmom poglavlju knjige. Deveto
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poglavlje opisuje klinicke postupke u terapiji
krezubosti parcijalnim protezama. Korak po
korak opisane su klini¢ke procedure i disku-
tovane njihove prednosti i mane.

Deseto, novo poglavlje, ilustruje napredne
procedure koje znac¢ajno pomeraju granice
parcijalnih proteza kao terapijskih resenja u
zbrinjavanju krezubosti. Ovo poglavlje govo-
ri o digitalizaciji u dijagnostici, o robotizaciji
u laboratorijskim postupcima, kao i mogu¢-
nostima uvodenja novih generacija stomato-
loskih materijala specijalno dizajniranih za
savremene tehnoloske procedure. Kroz pri¢u
o digitalnom otisku, intraoralnim i ekstra-
oralnim skenerima i kompjuterskoj izradi
modela metalnog skeleta, autor saopstava
prednosti pomenutih uredaja i postupaka u
izradi i planiranju skeletirane proteze u od-
nosu na konvencionalni protokol. Posebna
paznja Citalaca usmerena je na objasnjenje
SLM tehnologije (Selective Laser Melting), kojom se izraduje
metalni skelet parcijalne proteze uz najmanji procenat gresaka.

Jedanaesto poglavlje posveceno je estetskim vrednostima
parcijalnih proteza, koje su za pacijente, pored funkcionalnih,
¢esto opredeljujuce u odlukama i prihvatanjima lekarskih su-
gestija.

Terminoloskim re¢nikom, koji omogucava ¢itaocima brzi
pregled definicija razli¢itih pojmova, kao i aneksom tri poglav-
lja, veoma korisnim za prakti¢an rad studenata stomatologije i
mladih stomatologa, zavrsava se tekst udzbenika ,,STOMATO-
LOSKA PROTETIKA - parcijalne proteze*.

Postovane kolege, Citanje knjige parcijalne proteze pred-
stavlja dobar put ka usvajanju svekolikih znanja iz jedne od
najtezih oblasti stomatoloske protetike. Sustinski ali i savremeni
doktrinarni stavovi, saopsteni na jasno definisan, pragmatican i
ilustrativan nacin, ¢ine ovu publikaciju izuzetno vrednom, kako
za studente stomatologije, tako i za iskusne prakticare.

Misljenja sam da udzbenik ,,STOMATOLOSKA PROTETIKA
- parcijalne proteze®, u svom dopunjenom i osavremenjenom
izdanju blizak svetski priznatim udzbenicima, ¢ini ve¢ dobro
poznati opus profesora Dragoslava Stamenkovca jo§ bogatijim
i kvalitetnijim, te ga toplo preporucujem Sirokom stru¢nom
publikumu.

Profesor Kosovka Obradovi¢ Durici¢
Stomatoloski fakultet u Beogradu
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Da li ste pazljivo citali radove?

Procena indeksa zaostalog adheziva je utvrdivana:
a) posle terapije fiksnim aparatima

b) posle terapije mobilnim aparatima

c) posle terapije kombinovanim aparatima

Mutacije WNT 10A gena:

a) mogu dovesti do urodenog nedostatka zuba

b) ne mogu dovesti do urodenog nedostatka zuba

¢) samo u kombinaciji sa mutacijama na drugim
genima dovode do nedostatka zuba

Koncentracija olova u tvrdim zubnim tkivima je
utvrdivana:

a) SEM analizom

b) EDS analizom

¢) SEM/EDS analizom

Ispitivanje kompresivne ¢vrstoce je radeno kod:
a) novog kalcijum-silikatnog cementa

b) novog kalcijum-aluminatnog cementa

¢) kompozita

Matic¢ne Celije se mogu koristiti u regenerativnoj
medicini?

a) Da

b) Ne

¢) Samo u in vitro uslovima

Urodeni nedostatak zuba je:

a) Cesta dentoficijalna anatomija

b) vrlo ¢esta dentoficijalna anatomija
c) vrlo retka dentoficijalna anatomija

Prose¢na vrednost povrsine preostalog adheziva
na bravicama uklonjenim sa gornjih premolara
iznosila je:

a) 0,37 mm?

b) 2,08 mm?

¢) 1,54 mm?

Urodeni nedostatak zuba moze biti posledica:
a) razlic¢itih nukleotidnih promena u genima
b) razli¢itih promena u gledi

¢) razli¢itih promena u pulpi

9.

11.

12.

13.

14.

15.

16.

Cvrsta zubna tkiva su:

a) pogodna za procenu izloZenosti toksi¢nim
metalima

b) neprikladna

c) relativno pogodna

Kompresivna ¢vrstoca je proveravana kod:
a) tri materijala

b) Cetiri materijala

c) pet materijala

Trodimenzionalne tehnike gajenja Celija su:
a) razvijene

b) u fazi razvoja

c) prevazidena tehnika

Urodeni nedostatak zuba moze biti:
a) izolovana anomalija

b) specifi¢no oboljenje zuba

c) specifi¢no oboljenje pulpe

Posle uklanjanja fiksnih ortodontskih bravica
utvrdivan(a) je:

a) brzina prekida veze

b) nacin prekida veze

¢) povrsina prekida veze

Koncentracija olova je proveravana kod:

a) zdravih pacova

b) pacova sa dijabetom

¢) pacova sa eksperimentalno izazvanim
dijabetom

Kod testiranja kompresivne ¢vrstoce za svaki
materijal je zames$ano po:

a) tri uzorka

b) pet uzoraka

¢) osam uzoraka

Matic¢ne Celije imaju sposobnost:
a) samoobnavljanja

b) samounistenja

c) da menjaju razlicita tkiva



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

U morfogenezu i ¢elijsku diferencijaciju zuba je
ukljuceno:

a) preko 100 gena

b) preko 200 gena

c) preko 300 gena

Procena indeksa zaostalog adheziva je proveravana
kod:

a) 183 premolara

b) 154 premolara

¢) 136 premolara

Bioreaktori omogucuju:

a) nadzor i kontrolu bioloskih procesa
b) sprecavanje bioloskih procesa

c) usporavanje bioloskih procesa

Mezenhimalne mati¢ne ¢elije se mogu izolovati iz:
a) nervnog tkiva

b) krvnih sudova

c) kostnog tkiva

U etiologiji hipodoncije u¢estvuju:
a) samo genetski faktori

b) samo faktori sredine

c) i geni i faktori sredine

Indeks zaostalog adheziva je proveravan posle:
a) uklanjanja estetskih bravica

b) uklanjanja akrilatnih bravica

c) uklanjanja metalnih bravica

U tvrdim zubnim tkivima je odredivana:
a) koncentracija gvozda

b) koncentracija olova

c) koncentracija tinina

Uzorci za testiranje kompresivne ¢vrstoce su
postavljenu u:

a) plasti¢ne kalupe

b) gipsane kalupe

c) metalne kalupe

Etiologija hipodoncije je:
a) jasno definisana

b) potpuno definisana

c) nepotpuno definisana

Prosec¢na vrednost povrsine preostalog adheziva
posle uklanjanja bravica kod gornjih premolara je
iznosila:

a) 12,06 mm?

b) 9,32 mm?

¢) 8,34 mm?

Kompresivna ¢vrstoca novog kalcijum-silikatnog
cementa posle 24 sata iznosila je:

a) 1,35 Mpa

b) 5,91 Mpa

¢) 10,6 Mpa

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.
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Koncentracija olova u tvrdim zubnim tkivima je
proverena posle:

a) 7114 dana

b) 14130 dana

¢) 30160 dana

Termin anodoncija predstavlja:

a) kompletno odsustvo svih molara u vilicama
b) kompletno odsustvo svih zuba u vilicama

¢) kompletno odsustvo svih sekuti¢a u vilicama

Najvecu kompresivnu ¢vrstocu je pokazao:
a) MTA

b) Novi kalcijum-silikatni cement

¢) GJC Fuji IX

Prose¢na vrednost povrsina preostalog adheziva
posle uklanjanja bravica kod donjih premolara
iznosila je:

a) 12,06 mm?

b) 9,32 mm?

¢) 8,34 mm?

Matic¢ne Celije se mogu koristiti u inZenjerstvu
kostnog tkiva:

a) sa velikim potencijalima

b) sa neznatnim potencijalima

¢) ne mogu se koristiti

Koncentracija olova je proveravana kod:
a) premolara i molara

b) sekuti¢a i premolara

¢) sekuti¢a i molara

Oligodoncija podrazumeva:

a) nedostatak vise od $est zuba
b) nedostatak 1-3 zuba

¢) nedostatak 1-2 zuba

Prose¢na vrednost povrsine preostalog adheziva
na bravicama uklonjenim sa donjih premolara
iznosila je:

a) 0,37 mm?

b) 2,08 mm?

¢) 1,54 mm?*

Gajenje mati¢nih celija u dve dimenzije je:
a) moguce

b) nemoguce

¢) neeti¢no

Kontrolnu grupu za proveru koncentracije olova u
tvrdim zubnim tkivima je ¢inilo:

a) pet pacova

b) osam pacova

c) deset pacova

Mehanicku potporu za rast mati¢nih Celija
obezbeduju:
a) biorazgradivi i porozni nosaci
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39.

40.

41.

42.

43.

44,

b) ¢vrsti i nerazgradivi nosaci
¢) mekotkivne strukture

Olovo je detektovano u zubima pacova:
a) koji su dobijali olovo tokom 14 dana
b) koji su dobijali olovo tokom 30 dana
¢) kod kontrolne grupe

Direktna mehanicka stimulacija celija:
a) usporava umnozavanje Celija

b) ubrzava umnozavanje Celija

¢) nema uticaja na mati¢ne Celije

Najces¢i nacin prekida veze izmedu zuba i bravice
je bio:

a) izmedu baze bravice i povrsine lepka

b) izmedu lepka i povrsine zuba

¢) izmedu povrsine zuba i krilca bravice

Eksperimentalna grupa pacova je dobijala olovo u
koncentraciji od:

a) 1000 ppm

b) 1500 ppm

¢) 2000 ppm

Hipodoncija podrazumeva:

a) urodeni nedostatak vise od Sest zuba
b) urodeni nedostatak vise od deset zuba
¢) urodeni nedostatak 1-6 zuba

Indeks zaostalog adheziva posle uklanjanja

metalnih bravica:

a) ukazao je na znacajne razlike izmedu gornjih i
donjih premolara

b) nije ukazao na znacajne razlike izmedu gornjih i
donjih premolara

45.

46.

47.

48.

49.

c) bio je identi¢an i na gornjim i na donjim
premolarima

Vrednosti kompresivne ¢vrstoce kalcijum-silikatnih
cementa su u funkciji vremena:

a) opadale

b) rasle

¢) ostale iste

D tehnike gajenja mati¢nih Celija omogucavaju:
a) imitiranje bioloskih uslova

b) imitiranje in vitro uslova

¢) neravnomerno umnozavanje Celija

Kompresivna ¢vrstoca Fuji IX posle 28 dana iznosila
je:

a) 48,03 Mpa

b) 36,6 Mpa

c) 14,39 Mpa

Kompresivna ¢istoca kalcijum-silikatnih cementa je
merena:

a) posle 24 h, 7 dana i 28 dana

b) posle 24 h, 15 dana i 60 dana

c) posle 7 dana, 15 dana i 30 dana

Kod pacova koji su dobijali olovo tokom 30 dana,
olovo je detektovano:

a) u pulpi

b) u dentinu

c) u gledi

. Kompresivna ¢vrstoca MTA posle sedam dana

iznosila je:
a) 47,2 Mpa
b) 35,2 Mpa
c) 15,09 Mpa

Odgovore slati na email adresu Uredni$tva ¢asopisa ,Stomatoloski glasnik Srbije. Tacni odgovori na pitanja ce
se vrednovati u skladu s Pravilnikom o kontinuiranoj medicinskoj edukaciji zdravstvenih radnika.
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Uputstvo autorima za pripremu rada

Stomatoloski glasnik Srbije je casopis Srpskog lekar-
skog drustva osnovan 1953. godine. Casopis objavljuje:
originalne nau¢ne i stru¢ne radove, prikaze iz prakse,
pregledne radove, saopstenja, istoriografske radove, pri-
kaze knjiga, komentare i pisma uredni$tvu, drustvenu
hroniku.

Svi rukopisi se podvrgavaju recenziji. Radove recenziraju
dva anonimna stru¢njaka i, ukoliko je potrebno, statisti-
¢ar. Kona¢nu odluku o prihvatanju rada za Stampu do-
nosi glavni i odgovorni urednik. Autori se obavestavaju
o prijemu ili odbijanju rada najkasnije osam nedelja od
podnosenja rukopisa.

Za objavljene radove se ne isplacuje honorar, a autorska
prava se prenose na izdavaca. Rukopisi i prilozi se ne vra-
¢aju. Za reprodukciju ili ponovno objavljivanje nekog
segmenta rada publikovanog u ,Stomatoloskom glasni-
ku Srbije“ neophodna je saglasnost izdavaca.

Radovi se Stampaju na engleskom i srpskom jeziku.

Opsta uputstva Tekst rada treba da bude otkucan u pro-
gramu za obradu teksta Word, sa dvostrukim proredom,
iskljucivo fontom Times New Roman i veli¢inom slova 12
pt. Sve margine treba podesiti na 25 mm, veli¢inu stranice
na A4 format, a tekst kucati s levim poravnanjem i uvla-
¢enjem svakog pasusa za 10 mm, bez deljenja reci. Ako se
u tekstu koriste specijalni znaci (simboli), koristiti font
Symbol. Podaci o kori$¢enoj literaturi u tekstu oznacavaju
se arapskim brojevima u uglastim zagradama - npr. [1,
2],1 to redosledom kojim se pojavljuju u tekstu. Strani-
ce se numeris$u redom u okviru donje margine, pocev od
naslovne strane.

Naslovna strana Na posebnoj, prvoj strani rukopisa treba
navesti sledece: naslov rada bez skracenica, puna imena
i prezimena autora bez titula, zvani¢an naziv ustanova u
kojima autori rade, mesto i drzavu; na dnu stranice nave-
sti ime i prezime, adresu za kontakt, broj telefona i e-mail
adresu autora zaduzenog za korespondenciju.

Kratak sadrzaj i klju¢ne reci Druga strana treba da sadr-
zi kratak sadrzaj rada obima 100-250 re¢i. Kratak sadrzaj
originalnog rada treba strukturirati na sledece delove: Uvod
(u okviru kojeg se navodi cilj rada), Materijal i metode rada,
Rezultati i Zaklju¢ak. Navode se najvazniji rezultati, nume-
ricke vrednosti, statisticke analize i nivo znacajnosti. Ispod
kratkog sadrzaja navesti od tri do $est klju¢nih reci. U izbo-
ru klju¢nih reci koristiti Medical Subject Headings - MeSH
(http://www.nlm.nih.gov/mesh).

Struktura rada Originalni rad treba da sadrzi sledece
podnaslove: Uvod (sa ciljem rada), Materijal i metode ra-
da, Rezultati, Diskusija, Zakljucak i Literatura. Prikaz iz
prakse ¢ine: Uvod, Prikaz bolesnika, Diskusija i Literatu-
ra. Ne treba koristiti imena bolesnika, inicijale ili brojeve
istorija bolesti. Pregledni i informativni rad ¢ine Uvod,
odgovarajuci podnaslovi, Zaklju¢ak i Literatura. Pregledni
rad mogu objaviti samo autori koji su izuzetno uspe$ni u
oblasti kojom se bave i koji navedu najmanje pet autocita-
ta radova publikovanih u ¢asopisima s recenzijom.

Tekst rukopisa Koristiti kratke i jasne recenice, bez stra-
nih re¢i i neadekvatnih pojmova iz prevoda iz strane lite-
rature. Za nazive lekova koristiti generi¢ka imena. Skrace-
nice koristiti samo kada je to neophodno, a ne koristiti ih
u naslovu. Za svaku skracenicu pun termin treba navesti
pri prvom pojavljivanju u tekstu, sem ako to nije stan-
dardna jedinica mere. Decimalne brojeve u engleskom
tekstu pisati sa tackom, a u srpskom sa zarezom. Kad god
je to moguce, broj zaokruziti na jednu decimalu. Sve re-
zultate hematoloskih, klinickih i biohemijskih merenja
navoditi u metrickom sistemu prema Medunarodnom
sistemu jedinica (SI).

Obim rukopisa Celokupni rukopis rada - koji ¢ine na-
slovna strana, kratak sadrzaj, tekst rada, spisak literature,
svi prilozi, potpisi za njih i legenda (tabele, slike, grafikoni,
sheme, crtezi) — mora iznositi za pregledni rad do 7.000
reci, za originalni rad do 5.000 reci, a za informativni rad
i prikaz iz prakse do 3.000 reci. Provera broja rec¢i u doku-
mentu moZze se izvrsiti kroz podmeni Tools—Word Count
ili File-Properties—Statistics.

Tabele Tabele se oznacavaju arapskim brojevima prema
redosledu navodenja u tekstu, a moraju biti uradene u
programu Word, kroz meni Table-Insert-Table, uz defi-
nisanje ta¢nog broja kolona i redova koji ¢e ¢initi mrezu
tabele. Korid¢ene skracenice u tabeli treba objasniti u le-
gendi ispod tabele.

Grafikoni Grafikoni treba da budu uradeni i dostavljeni
u programu Excel, da bi se videle pratece vrednosti ras-
poredene po Celijama.

Slike Slike se oznacavaju arapskim brojevima prema re-
dosledu navodenja u tekstu. Primaju se iskljucivo digi-
talne fotografije (crno-bele ili u boji) rezolucije 300 dpi i
formata zapisa .tiff ili .jpg. Ukoliko autori ne poseduju ili
nisu u mogu¢nosti da dostave digitalne fotografije, onda
originalne slike treba skenirati kao Grayscale (ili u boji) u
rezoluciji 300 dpi i snimiti ih u originalnoj velicini.
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Sheme Sheme crtati i dostaviti u programu CorelDraw ili
Adobe Illustrator. Podatke u shemi kucati fontom Times
New Roman i veli¢inom slova 10 pt.

Zahvalnica Navesti sve one koji su doprineli stvaranju
rada, ali ne ispunjavaju merila autorstva. Finansijska i ma-
terijalna pomo¢ u obliku sponzorstva, stipendija, poklona,
opreme, lekova, materijala i drugog takode treba da bude
navedena.

Literatura Spisak referenci je odgovornost autora, a
citirani ¢lanci treba da budu lako pristupacni ¢itaocima
Casopisa. Stoga uz svaku referencu obavezno treba navesti
DOI broj ¢lanka (jedinstvenu nisku karaktera koja mu je
dodeljena) i PMID broj ukoliko je ¢lanak indeksiran u
bazi PubMed/MEDLINE.

Reference numerisane arapskim brojevima navoditi pre-
ma redosledu citiranja u tekstu. Broj referenci u original-
nim radovima ne bi trebalo da bude vedi od 30, osim kod
preglednih i informativnih radova, gde broj referenci nije
ogranicen. Izbegavati kori$cenje apstrakta kao referen-
ce, a apstrakte starije od dve godine ne citirati. Reference
¢lanaka koji su prihvadeni za $tampu treba oznaciti kao
»u Stampi® (in press) i priloziti dokaz o prihvatanju rada.

Reference se citiraju prema Vankuverskom stilu (jednoo-
braznim zahtevima za rukopise koji se predaju biomedi-
cinskim ¢asopisima), koji je uspostavio Medunarodni ko-
mitet urednika medicinskih ¢asopisa (http://www.icmje.
org), ¢iji format koriste U.S. National Library of Medicine
i baze nau¢nih publikacija. Primeri navodenja publikacija
(¢lanaka, knjiga, monografija, elektronskog, neobjavljenog
i drugog objavljenog materijala) mogu se na¢i na inter-
net-stranici http://www.nlm.nih.gov/bsd/uniform_requi-
rements.html.

Propratno pismo Uz rukopis obavezno priloziti pismo
koje su potpisali svi autori, a koje treba da sadrzi: izjavu
da rad prethodno nije publikovan i da nije istovremeno
podnet za objavljivanje u drugom casopisu, te izjavu da
su rukopis procitali i odobrili svi autori koji ispunjavaju
merila autorstva.

Autorstvo Autorstvo se zasniva na bitnom doprinosu
koncepciji rada, dobijanju rezultata ili analizi i tumace-
nju rezultata, planiranju rukopisa ili njegovoj kritickoj
reviziji od znatnog intelektualnog znacaja, te doprinosu
u zavr$nom doterivanju verzije rukopisa koji se pripre-
ma za $tampanje. Finansiranje, sakupljanje podataka ili
generalno nadgledanje istrazivacke grupe sami po sebi
ne mogu opravdati autorstvo.

Slanje rukopisa Rukopis rada i svi prilozi uz rad mogu se
dostaviti imejlom (stomglas@bvcom.net), preporucenom
posiljkom ili li¢no, dolaskom u Urednistvo. Ukoliko se rad
$alje postom ili donosi u Urednistvo, rukopis se dostavlja
odstampan u dva primerka i narezan na CD (snimljeni
materijal treba da je istovetan onom na papiru).

Vazna napomena Svi autori i koautori radova moraju biti
¢lanovi Srpskog lekarskog drustva i pretplatnici na ¢asopis
za godinu u kojoj predaju rad za publikovanje.

Adresa:

Srpsko lekarsko drustvo

Urednistvo ¢asopisa ,,Stomatoloski glasnik Srbije®
UL kraljice Natalije 1

11000 Beograd

Srbija

Telefon: +381 (0)11 409 27 76
E-mail: stomglas@bvcom.net
Internet-adresa: http://www.stomglas.org.rs
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Instructions for Authors

Serbian Dental Journal is the journal of the Serbian
Medical Society, founded in 1953. The journal publishes
original scientific and professional papers, case reports,
review articles, preliminary research reports, historical
papers, book review, comments and letters to the Editor,
social chronicle.

All manuscripts are peer-reviewed. Manuscripts are re-
viewed by two anonymous referees and, if necessary, a
statistician. The final decision on paper acceptance for
publishing is made by the Editor-in-Chief. Authors are
informed of acceptance or rejection of the paper within
eight weeks after manuscript submission.

Copyright is transferred from the author(s) to the pub-
lisher upon paper acceptance and no fees are paid for
papers to be published. Manuscripts are not returned to
the author. For any reproduction and repeated publish-
ing of part or the whole paper, written consent from the
publisher is requested.

The journal is published in English and Serbian.

General instructions The manuscript should be typed
in MS Word, with double line spacing, only in Times New
Roman font and letters size 12 pt. Page margins should be
25 mm, page size set to A4 format, and text typed aligned
left with paragraph indentations of 10 mm. Words should
not be hyphenated. If special symbols are used in the text,
preferred font is Symbol. References should be marked
with Arabic numbers in brackets, e.g. [1,2], in the order of
appearance in the text. Page numbers should be inserted
at the bottom of the page, starting from the title page.

Title page The first page should contain: the title of the
paper without abbreviations, authors’ names without
professional titles, authors’ affiliations; the exact postal
address of the corresponding author, telephone number
and e-mail address must be given at the bottom of the
title page.

Summary and keywords The second page should con-
tain a structured summary of the paper with Introduc-
tion (with the aim), Material and Methods, Results and
Conclusion with up to 250 words. Each of these segments
should be written as a new paragraph with bold subtitles.
Only the most important results should be indicated with
the statistical level of significance. Following summary it
is recommended to list 3 to 6 keywords related to the pa-
per. Keywords should be chosen according to the Medical
Subject Headings — MeSH (http://www.nlm.nih.gov/mesh).

Structure of the manuscript Original paper should have
the following subheadings: Introduction (with the aim),
Material and Methods, Results, Discussion, Conclusion
and References. Case report should contain: Introduction,
Case Report, Discussion, Conclusion and References. No
patients’ names, initials or record numbers should be in-
dicated. Review and informative article consists of Intro-
duction, subheadings, Conclusion and References. Only
distinguished authors with at least five citations of their
published papers are eligible to publish review articles.

Text of the manuscript Text should be written in short
and clear sentences, avoiding foreign language words and
inadequate terms and interpretation from the literature.
Medications should be indicated by their generic names.
For each abbreviation, full term should be indicated when
first mentioned in the text, except for standard measur-
ing units. Decimals should be separated with a comma
in Serbian, and with a dot in English. Numbers should be
approximated to one decimal place. All results of hema-
tological, clinical and biochemical measurements should
be quoted in the metrical system according to the Inter-
national Unit System (SI).

Length of the manuscript The entire manuscript (title
page, summary, the whole text, list of references, all enclo-
sures including captions and legends) should not exceed
7,000 words for a review article, 5,000 words for an origi-
nal paper, and 3,000 words for an informative article and
case report. The number of words can be checked in MS
Word using Tools-Word Count or File-Properties—Sta-
tistics options.

Tables Tables should be marked in Arabic numbers in the
order of appearance in the text, and should be prepared
in MS Word using Table-Insert-Table, with clearly de-
fined number of columns and rows. Abbreviations used
in a table should be explained in the legend under the
table.

Graphs Graphs should be prepared in MS Excel, in order
to maintain a clear view of all values within the cells.

Photographs Photographs should be marked in Arabic
numbers in the order of appearance in the text. Only
original digital photographs (black-and-white or color),
resolution of 300 dpi, and .tiff or .jpg format, are accept-
able. If authors do not posses or are not able to provide
digital photographs, then the original photos should be
scanned as Grayscale (or RGB color) with resolution of
300 dpi, and saved in original size.
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Schemes Schemes should be drawn in CorelDraw or Ado-
be Illustrator programmes. The text in the scheme should
be typed in Times New Roman, font size 10 pt.

Acknowledgment All contributors to the paper who are
not named as authors should be acknowledged. Financial
and other material support, like sponsorship, grants, gifts,
medical supplies, etc., should also be mentioned.

References The reference list is the responsibility of the
authors. Cited articles should be readily accessible to the
journals readership. Therefore, following each reference,
its DOI number and PMID number (if the article is in-
dexed for MEDLINE/PubMed) should be typed.

References must be marked in Arabic numbers and cited
in the order of appearance in the text. The number of
references should not exceed 30, except in review and
informative articles, when no limits are established. The
use of abstracts as references should be avoided and an
abstract more than two years old should not be quoted by
any means. When citing accepted papers, these should be
indicated as “in press” and a proof of acceptance should
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