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Serbian Dental Journal, vol. 62, N° 3, 2015

Ko se prihvati velikog i pohvalnog poduhvata

utehu za svoj naporan rad pronaci e najpre u nadi,
a nakon toga u radosti.

Samjuel DZonson

nost poslu kojim se neko bavi. Tu je, naravno, i snazan motiv za pobedom, tj. iskrena Zelja

da se bude najbolji u sopstvenoj profesiji. Preduslovi za takvu uzlaznu putanju sigurno su
dobro obrazovanje, neprestan rad ,,na sebi® ali i odluc¢an stav o vaznim pitanjima koja su sastavni
deo tog puta ka uspehu.

Motze li se ostvariti uspeh u bilo ¢emu ukoliko nemate sopstveni stav?

Na ovo pitanje naizgled nije tesko odgovoriti. Sigurno je da u svemu $to radite morate imati
plan, viziju, ideje, ali i odlu¢an stav da dodete do cilja. Svoje stavove treba iskazivati ¢ak i ako oni
nisu u saglasju s misljenjem ve¢ine ili onih koji odlu¢uju. Stav moze biti pogresan, ali o njegovoj
vrednosti sigurno ne odlu¢uju ni trenutna vecina, ni odnosi u drustvu, ni trenutni strah od poje-
dinaca koji nas okruzuju, ve¢ ispravnost i vreme.

U vremenu u kojem Zivimo najvaznije je imati ,fleksibilan stav. To znaci da je ,,najbolje“ da
je stav saglasan sa stavom onih koji se trenutno pitaju i odlu¢uju o svemu. Jedan prijatelj je u
nekom razgovoru ljude bez stava definisao kao ljude koji uvek idu ,,niz vetar®, jer se na taj na¢in
lakse ukljucuju u ,stihiju A za Zivot je ipak vaznije kretanje ,,uz vetar jer je to siguran znak da
ste ,mozda“ u pravu. Jer svet se moze menjati samo idejama uspesnih pojedinaca i ve¢inom koja
je vodena upravo idejama ljudi sa stavom.

Da biste imali sopstveni stav, morate, naravno, biti oslobodeni straha. Tamo gde postoji strah
i gde je bahatost osnovna vrlina onih koji odlu¢uju put ka uspehu je uvek na nizbrdici. A put ka
vrhu je vrednost koja se dobija kroz posvecenost, marljivost i naporan rad dok se penjete uzbrdo,
ka vrhu. Zato sposobni, ambiciozni i pametni ljudi uglavnom predstavljaju potencijalnu opasnost,
a najpogodniji su oni bez stava, ¢iji strah od eventualnih posledica po njihovo li¢no bitisanje moze
ugasiti ¢ak i neke njihove potencijalne kvalitete.

Ljudi bez stava ¢esto imaju Zelju da preuzmu daleko ve¢u odgovornost od one koju stvarno
mogu da ostvare i podnesu. U takvim situacijama se dogada potpuna kratkovidost. Ona je sli¢na
mornaru koji sve vreme izbacuje kofom vodu iz ¢amca umesto da malo zastane i zapusi rupu. Ne-
ko je rekao da nismo na ovom svetu samo da bismo Ziveli, ve¢ da bismo pomogli da se Zivi bolje,
i s ve¢om vizijom i nadom, kao dostignué¢ima koja e svet u¢initi boljim.

Ovaj urednic¢ki komentar ¢u zavrsiti sjajnim citatom DZordZa Bernarda Soa, jer on samo po-
tvrduje pri¢u i problem predstavljen u ovom tekstu: ,,Istinsko zadovoljstvo u Zivotu je raditi svr-
sishodno. To je ono $to ispunjava Zivot — da sluzite cilju koji vi smatrate najvaznijim, da budete
snaga prirode, a ne groznicavi, sebi¢ni jadnicak, ophrvan mukama i patnjama, koji kuka zato $to
se svet oko njega ne trudi da ga udini sre¢nim.“

P ravi razlog svakog uspeha su radna etika, marljivost, posvecenost i maksimalna usredsrede-

Prof. dr Slavoljub Zivkovi¢
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SUMMARY

Introduction Calcium silicate cements can be successfully used for the treatment of root perforations due to their
exceptional biological and sealing properties. The aim of this study was to test, using dye penetration method, marginal
microleakage of newly synthesized nanostructured biomaterials based on calcium silicate system and hydroxyapatite
after their application in interradicular perforation of extracted teeth.

Material and Methods The study included 34 extracted human molars. Newly synthesized nanostructured materials:
one based on calcium silicate system (CS), and the other one based on hydroxyapatite and active calcium silicate sys-
tem (HA-CS) were tested. Mineral trioxide agreaggate (MTA; Angelus, Londrina, Brazil) was used as control. Marginal
microleakage was evaluated using dye penetration test 6 months after the application of materials in experimentally
prepared inter-radicular perforations in extracted human molars. Dye penetration was analyzed using light microscope
at 30X magnification, a method of quantifying visual information in computer software for image processing (Adobe
Photoshop CS5 Extended, version 12.0 x 32). The values were expressed in millimeters, and the results statistically
analyzed using one-way ANOVA and Tukey post-hoc test (a=0.05).

Results The shortest dye penetration was measured for calcium silicate system (0.44 mm), while slightly higher values
were found for MTA (0.54 mm). Dye penetration for hydroxyapatite and active calcium silicate system (2.00 mm) was
longer than for the other two materials (p<0.05).

Conclusion The lowest marginal microleakage was observed in CS and was comparable to MTA. Microleakage in HA-CS

was significantly higher than CS and MTA.

Keywords: marginal microleakage; calcium silicate cements; hydroxyapatite

INTRODUCTION

Marginal seal or adequate marginal adaptation of material
along the cavity walls should be able to prevent leakage
of tissue fluid and consequently bacterial microleakage.
Therefore, it is considered as significant factor for long-
term success of endodontic treatment [1].

Calcium silicate cements were introduced in endodon-
tic practice in the mid 90-ies of the last century in order to
be used as materials for closing root perforations and root
apical closure after apical surgery. Studies have demon-
strated superior marginal seal achieved by calcium silicate
cements compared to amalgam and cements based on
zinc-oxide-eugenol (ZOE; Super EBA and IRM cement),
which have been commonly used in these indications
[1]. It has also been demonstrated that calcium silicate
cements achieve good marginal seal in cavities contami-
nated with blood [1, 2], they are biocompatible [1], bio-
active [3] and induce regeneration of hard dental [4, 5]
and periodontal tissue [6]. Consequently, their indications
have expanded significantly [7].

The main issue for clinical use of calcium silicate
cements is their long setting time [8]. Initial binding

of several hours increases the risk of material dissolu-
tion and leaching from the site of application. Moisture
is needed for hydration and setting of these materials,
which is why additional external moisture is needed dur-
ing initial bonding. That inevitably delays completion of
endodontic treatment [9]. In previous years, numerous
studies have been conducted in order to overcome this
problem [10-13].

Modern research has focused on synthesis and evalu-
ation of new nanostructured biomaterials in similar
endodontic indications [14]. Nanomaterials are charac-
terized among others, by pronounced activity of particles
and consequently, faster setting in comparison with con-
ventional microstructural materials [15]. The Institute
of Nuclear Sciences in Vin¢a, according to the recipe of
Jokanovic et al. [16], synthesized two new biomaterials:
one based on calcium silicate system (CS) and the other
one based on hydroxyapatite and active calcium silicate
system (HA-CS). These materials showed initial setting
of 10 minutes (CS) and 15 minutes (HA-CS), respectively.
Previous studies have shown that these materials have less
genotoxic and cytotoxic effects, but higher osteogenic po-
tential than commercial calcium silicate cements [17, 18].

Address for correspondence: Violeta PETROVIC, Faculty of Dental Medicine, Department of Restorative Dentistry and
Endodontics, Rankeova 4, 11000 Belgrade, Serbia; petrovic.violeta.bg@gmail.com
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The aim of this study was to test, using dye penetra-
tion method, marginal microleakage of newly synthesized
nanostructured biomaterials based on calcium silicate
system and hydroxyapatite (HA- CS) after their applica-
tion in interradicular perforation of extracted teeth.

MATERIAL AND METHODS

Three materials in total were tested in this study: new
material based on calcium silicate system (CS), new ma-
terial based on mixtures of hydroxyapatite and calcium
silicate system (HA-CS) and control material MTA (MTA
Angelus®, Londrina, Brazil). Experiments were performed
on 34 human, extracted, maxillary and mandibular molars
with fully developed and non-fused roots. Access cavities
were prepared with high speed handpiece, which after
hand K-files (K-files, VDW GmbH, Germany) were used
to establish working length of root canals up to 1 mm
shorter than the anatomy of the foramen. Root canals
were instrumented with Crown-down technique using
series of rotary files BioRace (FKG Dentaire, Swiss Dental
Products, Switzerland). During instrumentation, canals
were irrigated with 0.5% NaOCI. For the final rinse 5 mL
of 10% citric acid solution (during 1 min) and 5 mL of
0.5% sodium hypochlorite solution were used. After dry-
ing the canals were obturated using monocone technique
and sealer Acroseal (Septodont, France).

After sealer setting, in the center of the pulp chamber
floor, using slow speed handpiece and round bur size #
4 inter-radicular perforations were prepared. The size of
perforations was the same as diameter of round bur while
the depth depended on the thickness of the pulp cham-
ber floor. After washing perforations with distilled water
and air-drying, the teeth were randomly assigned into
the three experimental groups according to the materials
used: CS, HA-CS and MTA (n=10). Positive controls were
teeth with perforations that were not sealed and negative
controls were two teeth without perforations.

Prior to the application of the test material, the teeth
were placed in a sponge soaked with artificial tissue fluid
up to the level of enamel-cement junction (Eng. Hank’s
balanced salt solution, HBSS). Materials were mixed with
distilled water in the ratio of 3: 1 and placed in the prepared
cavities using condensers. On the top of the material a moist
cotton pellet was placed and the teeth were incubated at
37°C for 24 h. After complete setting of materials access
cavities were permanently closed using composite. Teeth
were incubated in sponges at 37°C for the next 6 months.

After 6 months marginal microleakage was evaluated
using passive dye penetration method. The teeth were
coated with two coats of varnish, except in the area of the
material in the furcation (about 1 mm around material)
and placed in 50% solution of silver nitrate (AgNO,) for 2
h. After quick rinsing teeth were immersed in photo devel-
oper for 6 h. Teeth were cut longitudinally in the region of
perforation using diamond disc of 0.7 mm thickness and
linear speed saw with water cooling (Isomet testers 4000,
Buehler, Lake Bluff, IL, USA). Dye penetration between
the material and cavity walls was analyzed using light

microscopy and photographed at 30X magnification. The
depth of dye penetration was measured using the method
of quantifying of visual information in computer software
for image processing (Adobe Photoshop CS5 Extended,
version 12.0 x 32). The obtained values were expressed in
millimeters. The results were statistically analyzed using
one-way ANOVA with Tukey post-hoc test. The level of
significance was set at a=0.05

RESULTS

The shortest dye penetration was found for CS (0.44+0.54
mm) (Figure 1). Similar values were measured for MTA
(0.54+0.76 mm) (Figure 2). The longest dye penetration
was recorded for HA-CS (2.00+0.70 mm) (Graph 1, Fig-
ure 3). There was no statistically significant difference in
marginal dye penetration between CS and MTA. HA-CS
showed dye penetration that was significantly longer than
for CS and MTA (p<0.05).

In addition to color penetration between restorations
and dentin, staining of tested materials was also noticed
(Figures 4,5 and 6).

DISCUSSION

Dye or bacteria penetration or fluid filtration methods
are most commonly used for the evaluation of marginal
microleakage of different materials in vitro [19-22]. In
the current study dye penetration method was used due
to simplicity as described in numerous studies [19, 20,
23,24, 25]. One of the main objections to dye penetra-
tion method is related to the size of dye molecules that
are commonly used which are actually smaller than the
size of bacteria [19]. Therefore, for materials that show
penetration of small dye molecules, it can be expected that
leakage of larger molecules (bacteria and their products)
will be absent [1].

When choosing dye for the assessment of marginal
leakage chemical nature of the tested material should be
taken into account. Wu et al. [26] found that methylene
blue is unstable in the presence of alkaline substances
resulting in its decolorization. As calcium hydroxide is
major ingredient of MTA, the use of methylene blue for

W Seriegl; HA-CS;

Prodor boje (mm)

W Seri ;0.5
® Series]; CS: 0.44 Series1|MTA; 0,54

Materijal

Graph 1. Average microleakage of the tested materials
Grafikon 1. Srednje vrednosti prodora boje ispitivanih materijala
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Figure 1. Inter-radicular perforation filled with calcium silicate ma-

terial. There is no dye marginal leakage (x30). dye marginal leakage (x30).
Slika 1. Interradiksna perforacija ispunjena kalcijumsilikatnim ma- Slika 2. Intreradiksna perforacija ispunjena materijalom MTA. Ne
terijalom. Ne uocava se marginalni prodor boje (x30). uocava se marginalni prodor boje (x30).

Figure 3. Inter-radicular perforation filled with hydroxyapatite-cal- Figure 4. Inter-radicular perforation filled with calcium silicate ma-
cium silicate material. There is dye marginal leakage and absorption terial. There is dye marginal leakage and absorption with material
with material color change (x30). color change (x30).

Slika 3. Interradiksna perforacija ispunjena materijalom hidroksia- Slika 4. Interradiksna perforacija ispunjena kalcijumsilikatnim ma-
patitom i kalcijumsilikatnim cementom. Uocavaju se prodor i ap- terijalom. Uocava se prodor i apsorpcija boje sa delimi¢nim prebo-
sorpcija boje sa delimi¢nim prebojavanjem materijala (x30). javanjem materijala (x30).

Figure 5. Inter-radicular perforation filled with hydroxyapatite-cal- Figure 6. Inter-radicular perforation filled with MTA. There is dye
cium silicate material. There is dye absorption with most of material absorption and color change throughout the whole thickness of
having changed color (x30). material (x30).

Slika 5. Interradiksna perforacija ispunjena materijalom hidroksia- Slika 6. Interradiksna perforacija ispunjena materijalom MTA. Uoca-
patitom i kalcijumsilikatnim cementom. Uocava se apsorpcija boje vaju se prodor i apsorpcija boje celom debljinom materijala (x30).

sa prebojavanjem veceg dela materijala (x30).
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the evaluation of MTA and other materials of similar
composition would cause its discoloration and eventually
unreliable results. A solution of silver nitrate was chosen
as dye due to its stability in the presence of the high pH
and high molecular weight of silver particles [25].

Marginal microleakage was assessed after the appli-
cation of the test material in experimentally prepared,
inter-radicular perforations of extracted teeth. During the
experimental period the teeth were stored in an incubator,
with a sponge soaked in artificial tissue fluid to simulate
clinical conditions [21]. In the current study, the deepest
dye penetration was measured after the teeth were longi-
tudinally cut. Therefore, it was not possible to determine
precisely in which part of the cavity dye penetrated the
most. Dye penetration method done in vitro cannot be
directly related to the complex in vivo microleakage but
it can be possible indicator of microleakage in clinical
conditions [20].

The lowest dye penetration in the current study was
observed for CS material. The values of dye penetration
for MTA were slightly higher but with no statistically sig-
nificant difference compared to CS. Given that CS and
MTA have similar composition and physical properties
are likely similar. Good marginal seal of calcium silicate
cements is associated with mild expansion of cement
during setting [27, 28], bio-activity and hydroxyapatite
formation on the surface of the material in contact with
phosphates from tissue fluids [29].

However, different microleakage evaluating methods
have shown that MTA and similar calcium silicate ce-
ments do not have the ability of absolute hermetic sealing
[21, 22,25, 30], which is consistent with the results of the
current study. In the group of samples with CS, the mea-
sured values of dye penetration were lower compared to
the MTA samples, however, larger number of samples in
the CS group showed microleakage than in the MTA group.
The measured values of dye penetration in the MTA group
were very different, and the results are consistent with the
findings of De Deus et al. [30]. They evaluated the margin-
al microleakage of different calcium silicate cements (PC,
MTA Angelus and MTA Bio) and reported very variable
results within groups. They also detected microleakage in
all samples but with no statistically significant difference
between different calcium silicate cements [30]. In contrast,
Hashem et al. [19] observed differences in the permeability
of various commercial calcium silicates, considering that
different chemical composition and different setting time
may play a role in the material attachment to the cavity
walls. Also, studies that evaluated permeability of calcium
silicate cements using bacteria penetration method have
reported different results. Montelano et al. [2] recorded
the most pronounced microleakage in the first days of ap-
plication of materials, while Parirokh et al. [21] detected
significantly delayed bacterial penetration (between 39 and
73 days of experiment) highlighting the positive impact of
phosphate solution on the adhesion of material.

Literature reviews describe inconsistency in results for
the permeability of calcium silicate cements using differ-
ent testing methods. Many factors influence microleakage
of MTA: dye, pH of dye, storage conditions of samples

before experiment, and setting time of material prior to
immersion of samples in dye solution [1]. Also, differ-
ent results may be due to the difference in diameter and
depth of perforations, number of samples, or duration of
observational period [30].

For adequate understanding of results obtained in the
current study, it is important to explain the way of dye
penetration. Samples that showed dye penetration did not
confirm strictly marginal microleakage. In fact, besides
the dye detected at the junction of materials and dentin,
staining of materials was noted likely due to dye absorp-
tion (Figures 4, 5 and 6). Similar results were reported by
Tobon-Arroyave et al. [20]. They found that dye penetra-
tion in MTA was different in nature than in conventional
cements (IRM and Super EBA). When IRM and Super
EBA cements were used as apical plug, dye penetration
was noted as a circle around the material, between ma-
terial and dentin. In contrast, in all MTA samples color
change was noted in the entire thickness of the material
[20]. The reason for these results could be found in MTA
structure made of numerous pores and capillaries that
could cause more pronounced permeability. It is impor-
tant however to note that MTA samples in that study had
setting time of just 30 minutes before their immersion
in dye, therefore results could reflect incomplete setting
of material. In the current study, samples were allowed
24 hours setting time before incubation and then after
incubation in humid environment for 6 months. This pro-
tocol could allow more complete setting and consequently
lower dye penetration and absorption.

HA-CS showed the deepest dye penetration and in the
majority of samples material disintegration was observed.
Since hydroxyapatite is well known for its porous structure
and inadequate mechanical properties, the results were
somewhat expected. During synthesis HA-CS, calcium
silicate was added to hydroxyapatite in order to improve
its mechanical properties. Based on the current results it
can be noted that additional quantity of calcium silicate
(HA:CS=2:1) under the experimental conditions of this
study, did not prevent dissolution and leaching of material
from the site of application. Literature findings also suggest
that calcium phosphate cements do not provide adequate
sealing due to their porosity and solubility and in that
sense they are inferior to calcium silicate cements [24, 25].

It is worth noting that in some MTA and CS samples
surface disintegration or dissolution of the outer layer
material was noted but still less than in HA-CS samples.
In contact with water or phosphate solution, cement re-
leases calcium ions with partial decalcification of calcium
silicate hydrate, whereas the expansion of cement after
contact with liquid may result in microfractures. All these
may constitute an obstacle to long-term stability of the
material [13]. However, when interpreting results of an in
vitro study, it must be noted that tissue response was ab-
sent. Namely, one of the characteristics of the tested bioac-
tive materials in this study is formation of hydroxyapatite
on their surface in contact with tissue fluids [3,29], as well
as the formation of calcified tissue via calcium silicate or
calcium phosphate cements. Therefore, one might expect
that in clinical setting material disintegration could be



self-limiting and hydroxyapatite formed over time could
fill the pores within the material and provide chemical
bond to dentin contributing to better marginal seal [31].

CONCLUSION

The lowest marginal microleakage or the best marginal
seal was observed in CS and MTA. Microlekage of HA-CS
was significantly higher compared to the other two tested
materials.
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KRATAK SADRZAJ

Uvod Primena cemenata od kalcijum-silikata u lecenju perforacija korena zuba zasniva se na njihovim izuzetnim bioloskim svoj-
stvima i odgovaraju¢em rubnom zaptivanju. Cilj ovog rada bio je da se testom prodora boje ispita marginalna mikropropustljivost
novosintetisanih nanostrukturnih biomaterijala na bazi kalcijumsilikatnih sistema i hidroksiapatita nakon primene materijala u
interradiksne perforacije ekstrahovanih zuba.

Materijal i metode rada Ispitivanje je realizovano na 34 ekstrahovana humana molara. Testirani su novosintetisani nanostrukturni
materijali: materijal na bazi aktivnih kalcijumsilikatnih sistema (CS) i materijal na bazi hidroksiapatita i aktivnih kalcijumsilikatnih
sistema (HA-CS). Kao kontrolni materijal koris¢en je komercijalni kalcijumsilikatni cement (MTA Angelus, Londrina, Brazil). Margi-
nalna mikropropustljivost je ispitivana testom prodora boje $est meseci nakon primene materijala u eksperimentalno preparisane
interradiksne perforacije na ekstrahovanim humanim molarima. Prodor boje je analiziran svetlosnim mikroskopom na uveli¢anju
od 30 puta metodom kvantifikovanja vizuelnih informacija kompjuterskim programom za obradu slike (Adobe Photoshop CS5
Extended, verzija 12.0x32). Dobijene vrednosti su izrazene u milimetrima, a dobijeni rezultati statisticki su obradeni primenom jed-
nofaktorskog testa ANOVA sa Tukijevim (Tukey) post-hoc testom (a=0,05).

Rezultati Najmanji prodor boje izmeren je kod materijala CS (0,44 mm), dok su nesto vece vrednosti zabelezene kod MTA (0,54
mm). Prodor boje kod materijala HA-CS (2,00 mm) bio je zna¢ajno veci u odnosu na materijale CS i MTA (p<0,05).

Zaklju¢ak Najmanja marginalna mikropropustljivost zabelezena je kod materijala CS i bila je komparabilna sa MTA. Mikropropu-

stljivost materijala HA-CS bila je znacajno veca u odnosu na materijal CS i kontrolni materijal MTA.
Klju¢ne reci: marginalna mikropropustljivost; kalcijumsilikatni cementi; hidroksiapatit

uvoD

Kvalitetno rubno zaptivanje, odnosno odgovarajuca marginalna
adaptacija materijala uz zidove kaviteta, treba da onemoguci
protok tkivnih te¢nosti i posledi¢no bakterijsko mikrocurenje,
zbog ¢ega se smatra znac¢ajnim faktorom za dugoroc¢an uspeh
endodontskog le¢enja [1].

Cementi od kalcijum-silikata uvedeni su u endodontsku
praksu sredinom devedesetih godina proslog veka, najpre kao
materijali namenjeni le¢enju korenskih perforacija i zatvara-
nju vrha korena zuba nakon apeksne hirurgije. Istrazivanja su
ukazala na znatno bolje rubno zaptivanje kalcijum-silikata u
odnosu na amalgam i komercijalne cemente na bazi ZOE (Su-
per EBA i IRM cement), koji su obi¢no kori$¢eni u navedenim
indikacijama [1]. Kasnije je utvrdeno da kalcijumsilikatni ce-
menti ostvaruju kvalitetno rubno zaptivanje i u kavitetima koji
su kontaminirani krvlju [1, 2], da su biokompatibilni [1], bio-
aktivni [3] i da indukuju regeneraciju ¢vrstih zubnih tkiva [4,
5] i periodoncijuma [6], zbog ¢ega su njihove indikacije danas
znacajno prosirene [7].

Glavni problem koji otezava klinicku primenu kalcijum-sili-
kata je dugo vreme vezivanja [8]. Inicijalno vezivanje od neko-
liko sati nosi rizik od rastvaranja i ispiranja materijala s mesta
aplikacije. Za hidrataciju i o¢vr§¢avanje materijala neophodna
je vlaga, pa se preporucuje da se nakon primene (u periodu
inicijalnog vezivanja) materijalu obezbedi eksterna vlaga, $to
neminovno odlaze zavr$etak endodontskog le¢enja [9]. Ranijih
godina uradena su brojna istrazivanja radi prevazilazenja ovog
problema [10-13].

Savremena istrazivanja su fokusirana na sintezu i ispitivanja
moguce primene nanostrukturnih biomaterijala u sli¢nim en-

dodontskim indikacijama [14]. Nanomaterijale, izmedu ostalog,
odlikuje izrazenija aktivnost ¢estica, te posledi¢no brze veziva-
nje u odnosu na konvencionalne mikrostrukturne materijale
[15]. U Institutu za nuklearne nauke u Vindi, prema recepturi
Jokanovica i saradnika [16], sintetisana su dva nova biomateri-
jala: materijal na bazi aktivnih kalcijumsilikatnih sistema (CS)
i materijal na bazi hidroksiapatita i aktivnih kalcijumsilikatnih
sistema (HA-CS). Nanotehnologijom dobijeni su materijali s
inicijalnim vezivanjem od 10 minuta (CS), odnosno 15 minuta
(HA-CS). Dosada$nja istraZivanja su pokazala da dobijeni ma-
terijali imaju slabija genotoksi¢na i citotoksi¢na dejstva, kao i
veci osteogeni potencijal u odnosu na komercijalne kalcijum-
silikatne cemente [17,18].

Cilj ovog istrazivanja bio je da se testom prodora boje ispita
marginalna mikropropustljivost materijala CS i HA-CS nakon
primene materijala u interradiksne perforacije ekstahovanih
humanih zuba.

MATERIJAL | METODE RADA

U ovom istrazivanju testirani su materijal na bazi kalcijumsili-
katnih sistema (CS), materijal na bazi mesavine hidroksiapatita
i kalcijumsilikatnih sistema (HA-CS) i kontrolni materijal MTA
(MTA Angelus®, Londrina, Brazil). IstraZivanje je uradeno na
34 humana ekstrahovana maksilarna i mandibularna molara
s potpuno razvijenim i nefuzionisanim korenovima. Pristup-
ni kaviteti su preparisani visokoturaznom busilicom, nakon
¢ega je ruénim K-turpijama (K-files, VDW GmbH, Nemacka)
utvrdena radna duzina kanala korena zuba, na 1 mm krace od
anatomskog foramena. Kanali korena su preparisani tehnikom



crown-down, serijom masinskih endodontskih instrumenta Bio
Race (FKG Dentaire, Swiss Dental Products, Svajcarska). Tokom
instrumentacije kanali su ispirani sa NaOCl u koncentraciji od
0,5%. Za finalno ispiranje je kori§¢eno 5 ml desetoprocentne
limunske kiseline (tokom jednog minuta) i 5 ml 0,5% NaOCL
Nakon susenja kanali su opturisani monokonom tehnikom uz
siler Acroseal (Septodont, Francuska).

Po vezivanju silera, u centru poda pulpne komore, kolenja-
kom i okruglim borerom veli¢ine #4, preparisane su interradik-
sne perforacije tako da je $irina perforacija odgovarala promeru
borera, dok je dubina zavisila od debljine poda pulpne komore.
Posle ispiranja preparisanih kaviteta destilovanom vodom i
su$enja, zubi su metodom sluc¢ajnog izbora podeljeni u tri eks-
perimentalne grupe, a perforacije zatvorene test materijalima
CS, HA-CS i MTA (n=10). Pozitivnu kontrolnu grupu ¢inila su
dva zuba kod kojih perforacije nisu zatvorene materijalima, a
negativnu dva zuba bez perforacija.

Pre primene ispitanih materijala zubi su do nivoa gledno-
cementne granice postavljeni u sunder natopljen vestackom
tkivnom te¢no$cu — Henkovim uravnotezenim slanim rastvo-
rom (engl. Hank’s balanced salt solution — HBSS). Materijali su
zames$ani sa destilovanom vodom u odnosu 3:1 i u kavitete
kondenzovani nabija¢ima. Preko materijala je postavljena vla-
Zna vatica, a zatim su zubi inkubirani na 37°C tokom 24 ¢asa.
Po vezivanju materijala pristupni kaviteti su konac¢no zatvoreni
kompozitom, a zubi u natopljenom sunderu inkubirani na 37°C
narednih $est meseci.

Posle $est meseci marginalna mikropropustljivost je ispiti-
vana metodom pasivnog prodora boje. Zubi su premazani sa
dva sloja laka, osim u predelu materijala u furkaciji (1 mm oko
materijala) i potopljeni u pedesetoprocentni rastvor srebro-ni-
trata (AgNO,) tokom dva ¢asa. Nakon kratkog ispiranja zubi su
ostavljeni u fotografskom razvija¢u narednih $est sati. Zatim
su longitudinalno seceni u predelu interradiksnih perforacija
dijamantskim diskom debljine 0,7 mm, linearnom preciznom
testerom sa vodenim hladenjem (Isomet testera 4000, Buehler,
Lake Bluff, IL, SAD). Prodor boje izmedu materijala i zidova
kaviteta je analiziran svetlosnim mikroskopom i fotografisan
pri uveli¢anju od 30 puta. Dubina prodora boje je merena me-
todom kvantifikovanja vizuelnih informacija kompjuterskim
programom za obradu slike (Adobe Photoshop CS5 Extended,
verzija 12.0x32). Dobijene vrednosti su izrazene u milimetrima,
a rezultati statisticki obradeni primenom jednofaktorskog testa
ANOVA sa Tukijevim (Tukey) post-hoc testom. Nivo zna¢ajnosti
utvrden je na a=0,05.

REZULTATI

Najmanji prodor boje izmeren je kod materijala CS (0,44+0,54
mm) (Slika 1). Sli¢ne vrednosti izmerene su za materijal MTA
(0,54+0,76 mm) (Slika 2). Najveci prodor boje zabeleZen je kod
materijala HA-CS (2,00£0.70 mm) (Grafikon 1, Slika 3). Nisu
uodene statisticki znacajne razlike u marginalnom prodoru boje
izmedu materijala CS i MTA. Kod materijala HA-CS izmerene
vrednosti prodora boje bile su statisticki znacajno veée u odno-
su na prodor boje kod materijala CS i MTA (p<0,05).

Osim prodora boje, na spoju materijala i zubnih struktu-
ra uoceno je prebojavanje testiranog materijala primenjenog
u vestacki formirane interradiksne perforacije (Slike 4,5 1 6).
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DISKUSIJA

Za procenu marginalne mikropropustljivosti materijala u stu-
dijama in vitro obi¢no se koriste metode prodora boje [19, 20],
prodora bakterija [21] i filtracije te¢nosti [22]. U ovom istraZi-
vanju za procenu mikropropustljivosti je primenjena metoda
prodora boje, koja je zbog svoje jednostavnosti kori$¢ena u ve-
likom broju istraZivanja 19, 20, 23, 24, 25]. Glavni nedostatak
ove metode je, medutim, u tome $to je veli¢ina molekula boja
koje se obi¢no koriste manja od veli¢ine bakterija [19]. Kod
materijala kod kojih se belezi prodor malih molekula boje mo-
ze se ocekivati izostanak mikrocurenja ve¢ih molekula, poput
bakterija i njihovih proizvoda [1].

Prilikom odabira boje za procenu marginalne propustljivo-
sti uzeta je u obzir hemijska priroda materijala koji se ispitu-
je. Naime, Vu (Wu) i saradnici [26] su ustanovili da je metilen
plavo nestabilno u prisustvu alkalnih supstanci, $to dovodi do
njegovog obezbojavanja. Kako je kalcijum-hidroksid glavna he-
mijska smesa koja se oslobada iz MTA, upotreba metilen plavog
prilikom ispitivanja MTA i drugih materijala sli¢cnog hemijskog
sastava bi, usled diskoloracije boje, mogla dovesti do nepou-
zdanih rezultata. Rastvor srebro-nitrata je stabilan u prisustvu
materijala visoke vrednosti pH, a Cestice srebra imaju veliku
molekularnu masu, $to su i bili razlozi za njegovu primenu u
ovom istraZivanju [25].

Marginalna mikropropustljivost je ispitivana nakon primene
testiranih materijala u eksperimentalno preparisane interra-
diksne perforacije na ekstrahovanim zubima. Tokom ekspe-
rimentalnog perioda zubi su ¢uvani u inkubatoru, u sunderu
natopljenom vestackom tkivnom te¢nos¢u, kako bi se $to blize
simulirali klini¢ki uslovi [21]. U ovom istraZivanju merena je
najdublja tacka prodora boje uz napomenu da longitudinalnim
se¢enjem zuba, koje se obi¢no primenjuje, nije moguce precizno
utvrditi u kojem delu kaviteta je boja najdublje prodrla. Zbog
toga se prodor boje pri odredivanju mikropropustljivosti u uslo-
vima in vitro ne moze direktno uporediti s kompleksnim mikro-
curenjem u uslovima in vivo, ali se moZe smatrati pokazateljem
moguce propustljivosti materijala u klinickim uslovima [20].

Najmanji prodor boje u ovom istrazivanju uocen je kod ma-
terijala CS. Vrednosti prodora boje kod MTA bile su nesto vece,
ali bez statisticki znacajne razlike u odnosu na CS. S obzirom
na to da su CS i MTA materijali sli¢cnog hemijskog sastava, i nji-
hove fizicke osobine mogu biti sli¢cne. Dobro rubno zaptivanje
kalcijumsilikatnih cementa se povezuje sa blagom ekspanzijom
cementa prilikom vezivanja [27, 28], odnosno bioaktivnom pri-
rodom i stvaranjem hidroksiapatita na povr$ini materijala u
kontaktu s fosfatima iz tkivnih te¢nosti [29].

Ipak, razli¢itim metodama ispitivanja mikropropustljivosti
uoceno je da MTA i sli¢ni kalcijumsilikatni cementi nemaju
sposobnost apsolutnog hermeti¢kog zaptivanja [21, 22, 25, 30],
$to je u skladu s rezultatima ovog istrazivanja. U grupi uzoraka
ispunjenih materijalom CS izmerene su nesto manje vrednosti
prodora boje u odnosu na uzorke ispunjene sa MTA, ali je prodor
boje uocen u ve¢em broju uzoraka nego u MTA grupi. Izmere-
ne vrednosti prodora boje u MTA grupi bile su vrlo razliite, a
dobijeni rezultati su u skladu s nalazima De Deusa (De Deus) i
saradnika [30], koji su, ispitujuc¢i marginalnu mikropropustlji-
vost razlicitih kalcijumsilikatnih cemenata (PC, MTA Angelus i
MTA Bio), pisali o vrlo varijabilnim rezultatima unutar grupa.
Isti autori su mikropropustljivost otkrili u svim uzorcima, ali bez
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statisticki znacajnih razlika u pogledu propustljivosti razli¢itih
kalcijumsilikatnih cemenata [30]. Suprotno tome, Hagem (Has-
hem) i saradnici [19] su uo¢ili razlike u propustljivosti razlicitih
komercijalnih kalcijum-silikata, smatraju¢i da razlicit hemijski
sastav i razli¢ita brzina vezivanja cemenata moze imati ulogu
u adaptaciji materijala za zidove kaviteta. I studije u kojima je
propustljivost kalcijum-silikatnih cemenata ispitana metodom
prodora bakterija takode su ukazale na razlicite rezultate. Tako
su Montelano (Montelano) i saradnici [2] najizraZenije mikrocu-
renje zabelezili u prvim danima primene materijala, dok su Pari-
roh (Parirokh) i saradnici [21] otkrili prodor bakterija znacajno
kasnije (izmedu 39 i 73 dana eksperimenta), isti¢uéi pozitivan
uticaj fosfatnog rastvora na prianjanje materijala.

Uopsteno posmatrajudi, pregledom literature uocava se ne-
konzistentnost rezultata u pogledu dobijenih vrednosti propu-
stljivosti kalcijumsilikatnih cemenata u okviru razlicitih meto-
da ispitivanja. Iz dosada$njih istrazivanja moze se zakljuciti da
brojni faktori uti¢u na mikropropustljivost MTA: od vrste boje,
pH vrednosti boje, uslova ¢uvanja uzoraka pre eksperimenta,
odnosno vremena vezivanja uzoraka materijala pre njihovog
potapanja u boju [1]. Takode, razli¢iti rezultati mogu biti po-
sledica i razlika u pre¢niku i dubini perforacija, broja uzoraka,
odnosno razlika u trajanju opservacionog perioda [30].

Za razumevanje dobijenih rezultata u ovom istrazivanju zna-
¢ajno je napomenuti i na¢in prodora boje. U uzorcima u kojima
je uocen prodor boje ne moze se govoriti o striktno marginalnoj
mikropropustljivosti. Naime, osim boje ustanovljene na spoju
materijala i zubnih struktura, uoceno je prebojavanje samog
materijala koje je verovatno posledica apsorpcije boje (Slike 4,
516).Do sli¢nih rezultata dosli su i Tobon-Arojave (Tobdn-Ar-
royave) i saradnici [20], koji su utvrdili da se na¢in prodora
boje kod MTA razlikuje od prodora boje kod konvencionalnih
cemenata (IRM i Super EBA). Ispitujuci mikropropustljivost
materijala nakon njihove primene u formi apeksnog ¢epa, pro-
dor boje kod IRM i Super EBA cementa uocen je kruzno oko
materijala, odnosno izmedu materijala i dentina kanala korena.
Nasuprot tome, u svim uzorcima sa MTA uocena je apsorpcija
boje ¢itavom debljinom materija [20]. Razlog ovakvih rezultata
moze biti sama struktura cementa, koji su izgradeni od brojnih
pora i kapilara koji su mogli dovesti do izrazenije propustlji-
vosti. Vazno je, medutim, napomenuti da su se u pomenutom
istrazivanju uzorci MTA vezivali samo 30 minuta pre njihovog
potapanja u boju, te dobijeni rezultati mogu biti i posledica
nepotpunog vezivanja materijala. U ovom istrazivanju uzor-
ci materijala su se vezivali 24 Casa i nakon toga su inkubirani

u vlaznoj sredini jo$ $est meseci. Ovakav protokol je mogao
dovesti do potpunijeg vezivanja i posledi¢no manjeg prodora,
odnosno manjeg upijanja boje.

Kod materijala HA-CS izmeren je najveci prodor boje, a u
vecini uzoraka je uocena i izrazena dezintegracija materijala. S
obzirom na to da je hidroksiapatit dobro poznat po poroznoj
strukturi i neodgovaraju¢im mehanickim svojstvima, dobijeni
rezultati su donekle o¢ekivani. Prilikom sinteze materijala HA-
CS, kalcijumsilikatni sistem je dodat hidroksiapatitu upravo radi
poboljsanja njegovih mehanickih svojstava. Na osnovu dobije-
nih rezultata moze se zakljuciti da dodata koli¢ina kalcijum-
silikata (HA:CS, 2:1) u eksperimentalnim uslovima ove studije
nije sprecila rastvaranje i ispiranje materijala s mesta aplikacije.
U literaturi je potvrdeno da su kalcijumfosfatni cementi, zbog
svoje poroznosti i posledi¢ne rastvorljivosti, materijali sa neo-
dgovaraju¢im rubnim zaptivanjem, te u tom pogledu znacajno
manje efikasni od cemenata na bazi kalcijum-silikata [24, 25].

Vazno je napomenuti da je i u pojedinim uzorcima sa MTA
i materijalom CS uocena povrsinska dezintegracija, odnosno
rastvaranje spoljasnjeg sloja materijala, ali u znatno manjoj meri
u odnosu na materijal HA-CS. U kontaktu s vodom ili fosfatnim
rastvorom cement otpusta kalcijumove jone sa delimi¢nom de-
kalcifikacijom kalcijumsilikatnog hidrata, a ekspanzija cementa
posle kontakta s te¢no$¢u moze izazvati mikropukotine, $to sve
zajedno moze predstavljati prepreku dugoroc¢noj stabilnosti ma-
terijala [13]. Ipak, prilikom tumacenja rezultata istrazivanja u
uslovima in vitro mora se imati u vidu da tokom ovih ispitiva-
nja izostaje kompleksan odgovor tkiva. Naime, jedna od odlika
bioaktivnih materijala ispitanih u ovom istrazivanju jeste stva-
ranje hidroksiapatita na njihovoj povr$ini u kontaktu s tkivnim
te¢nostima [3, 29], kao i stvaranje kalcifikovanog tkiva preko
kalcijumsilikatnih, odnosno kalcijumfosfatnih cemenata. Stoga
bi se moglo ocekivati da bi u klini¢kim uslovima dezintegracija
materijala bila samoograni¢avajuca i da bi hidroksiapatit, formi-
ran u funkciji vremena, mogao ispuniti pore unutar materijala
i obezbediti hemijsku vezu sa dentinom i time doprineti kvali-
tetnijem rubnom zaptivanju [31].

ZAKLUCAK

Najmanja marginalna mikropropustljivost, odnosno najbolje
rubno zaptivanje zabeleZeno je kod materijala CS i bilo je slicno
sa MTA. Mikropropustljivost materijala HA-CS bila je znacajno
veca u odnosu na materijal CS i kontrolni materijal MTA.
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SUMMARY

Introduction The objective of this study was to compare two radiographic methods - digital intraoral and digital
panoramic radiography in assessing marginal bone level around dental implants. The study also evaluated inter-observer
and intra-observer reliability during repeated assessments.

Material and Methods Marginal bone around 29 implants in 17 patients was assessed using standardized digital in-
traoral and digital panoramic radiographs. Two observers evaluated bone level by noting the thread at which marginal
bone seemed to be attached at distal and mesial surfaces of the implants. The assessments were repeated after one
week. Kappa statistics was used to evaluate agreement between assessments, observers, and radiographical methods.
Results The agreement rate between digital intraoral and digital panoramic radiography was fair. Intra-observer agree-
ment was very good, while inter-observer agreement was moderate.

Conclusion Digital panoramic radiographs can be used to evaluate marginal bone level in patients with multiple
implants and also to supplement intraoral radiographs. However, observer variability should be considered when
comparing values from follow up studies for implant maintenance.

Keywords: dental implants; intraoral radiographs; marginal bone; panoramic radiographs; peri-implant bone level;
observer agreement

INTRODUCTION The aim of the study was to compare the ability of
two radiographic methods: digital intraoral and digital
panoramic radiographs in the assessment of marginal
bone level around dental implants. The study also aimed
to evaluate inter-observer and intra-observer reliability

during repeated assessments.

Rehabilitation of partial or complete edentulism using
dental implants has become preferred method for replace-
ment of missing teeth. The success of implants greatly de-
pends on the marginal bone around the implant. Marginal
bone loss of a maximum 1.5 mm is acceptable in the first
year of implant placement followed by an annual bone
loss not exceeding 0.2 mm [1, 2]. Thus, measurements
of the marginal alveolar bone levels in standardized and
serial radiographs are considered to be important param-

MATERIAL AND METHODS

17 patients referred to the Department of Oral Radiol-

eters to determine implants prognosis.

Intraoral radiography using parallel technique has long
been preferred method for measuring marginal bone level
[3,4]. Intraoral radiographs have higher resolution but are
more time consuming. Moreover, anatomic considerations
like shallow palate or raised floor of mouth make use of
intraoral radiography difficult. In such cases, panoramic
radiography can be utilized. Panoramic radiography al-
lows wider coverage and also reveals relations between
anatomic structures such as sinuses and neurovascular
canals.

ogy for follow up examination after treatment with dental
implants were included in the study. All patients had im-
plant surgery within last 6 months. Standardized intra-
oral digital radiographs using paralleling technique were
taken with intraoral radiation unit (70 kvp) and cylin-
drical tubehead, 2.5 mm aluminium filtration and focal
spot distance of 21 cm. Digital panoramic radiographs
were obtained at the same appointment using Kodak
8000c unit following standard exposure and positioning
protocol.
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Two dental specialists (oral radiologist and oral sur-
geon) evaluated all images. The observers were asked to
assess marginal bone level by counting the number of
threads between the implant-abutment connection and
the level of marginal bone on the mesial and distal sur-
faces of the implant. The first thread completely imaged
was designated thread number 1. In cases of double mar-
ginal bone contour, assessments were made at the most
apical level. 29 implants were evaluated. Assessments were
repeated after 1 week by both observers in random order
resulting in a total of 232 sites being evaluated.

Data was analysed using SPSS software 19. Kappa sta-
tistics was used to compare the agreement between as-
sessments, observers and methods of radiography. Kappa
values were evaluated as follows: <0.20 was considered
poor, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good
and 0.81-1.00 very good. The total proportion of agree-
ment was calculated as percentage [5].

RESULTS

A total of 232 observations were done for each method.
The agreement rates for digital intraoral and digital pan-
oramic radiography for the two observers varied from
36% to 52% (Table 1). Intra-observer agreement expressed
as kappa value ranged from 0.86 to 0.95 for observer 1 and
0.87 to 0.94 for observer 2 (Table 2). The inter-observer

Table 1. Comparison of digital intraoral and digital panoramic ra-
diography

Tabela 1. Poredenje digitalne intraoralne radiografije i digitalne or-
topantomografije

Observer 1 Observer 2

Parameter Istrazivac 1 Istrazivac 2
Parametar Reading 1 | Reading 2 | Reading 1 | Reading 2

Merenje 1 | Merenje 2 | Merenje 1 | Merenje 2

0

Agreement (%) 5172 4828 36.48 37.93
Slaganje (%)
Kappa coefficient 03994 | 03527 | 02091 02139
Koeficijent kapa
Weighted kappa
coefficient 0.7201 07085 | 06045 | 06086
Tezinski koeficijent
kapa

Table 2. Intra-observer agreement for digital intraoral radiography
(DIR) and digital panoramic radiography (DPR)

Tabela 2. Slaganje ponovljenih merenja istog istrazivaca za digitalnu
intraoralnu radiografiju (DIR) i digitalnu ortopantomografiju (DOP)

Observer 1 Observer 2

Parameter Istrazivac 1 Istrazivac 2
Parametar DPR DPR
DIR DOP LS DOP

Agreement (%)

Slaganje (%) 89.66 96.55 96.43 90.63

Mean difference between
repeated measurements

Y L 0.10344 | 0.0344 | 0.0312 | 0.1132
Prose¢na razlika izmedu
ponovljenih merenja
Kappa coefficient 08676 | 09566 | 09411 | 08786
Koeficijent kapa
Weighted kappa coefficient 09469 | 09817 | 09790 | 09656

Tezinski koeficijent kapa
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Table 3. Inter-observer agreement for digital intraoral radiography
(DIR) and digital panoramic radiography (DPR)

Tabela 3. Slaganje razli¢itih istrazivaca za digitalnu intraoralnu ra-
diografiju (DIR) i digitalnu ortopantomografiju (DOP)

Reading 1 Reading 2

Parameter Merenje 1 Merenje 2
Parametar DPR DPR
DIR DOP DIR DOP

Agreement (%)

Slaganje (%) 62.07 65.52 55.17 62.07

Kappa coefficient

Koeficijent kapa 05145

0.5586 | 0.4365 | 0.5246

Weighted kappa coefficient

Tezinski koeficijent kapa 0.8054

0.8192 | 0.7711 | 0.8022

agreement was moderate for both digital intraoral and
panoramic methods (Table 3).

DISCUSSION

Replacement of missing teeth with implants is the best
available prosthetic therapy. Intraoral and panoramic ra-
diographs are commonly used to evaluate the marginal
bone level during follow up after implant placement. This
study assessed the agreement between digital intraoral
and digital panoramic radiographs for evaluating peri-
implant bone level. These radiographical methods were
chosen to limit radiation dose received by the patient.

Agreement between the two assessed radiographical
methods in the present study ranged from 36% to 52%.
This agreement rate was fair according to the kappa sta-
tistics [5]. Similar agreement rate was reported by Kull-
man et al. [6]. However, Rohlin et al. [7] found higher
agreement rate of 72% between panoramic and intraoral
radiography. Other studies [8, 9, 10] have also stated that
panoramic radiographs can be used reliably for the assess-
ment of marginal bone. Also, mean difference between
repeated measurements was close to zero.

The agreement rate was higher within observers
(89.6% to 96.4%) compared with that between observers
(55.1% to 65.5%). Based on kappa values, the agreement
was very good when the same observer repeated the as-
sessments. However, inter-observer agreement was found
to be moderate. Molander et al. [9] demonstrated lower
intra-observer agreement rate but similar inter-observer
agreement. The inter-observer agreement was higher for
panoramic radiography than for intraoral radiographs.
This is in accordance with findings of Kullman et al. [6]
and De Smet et al. [3], but contrary to the findings of
Morner-Svalling et al. [11], who reported high inter-ob-
server agreement of around 85% for intraoral digital and
conventional radiographs.

The current study included assessment by two observ-
ers as well as repeated assessments by each observer after
a gap of at least 1 week. This was done in accordance to
Kullman et al. [6], who recommended using more than
one observer to avoid bias of individual observers. Im-
plant thread number was used to evaluate marginal bone
instead of measuring distance in mm from implant abut-
ment. Counting number of threads is the most commonly
used in everyday practice. Moreover, different magnifica-



tion factors of the two radiographic methods will not af-
fect the evaluation when counting implant threads, there-
fore that is recommended method for the evaluation of
peri-implant bone level [12].

CONCLUSION

Agreement between digital intraoral and digital pan-
oramic radiograph is fair and panoramic radiographs
have acceptable accuracy for the evaluation of marginal
bone levels around implants. As panoramic radiography
is cost effective, time saving and has low radiation dose,
it can be used to evaluate marginal bone level in patients
with multiple implants and also to supplement intraoral
radiographs when required. However, observer variability
should be considered when comparing values from follow
up studies for implant maintenance.
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KRATAK SADRZA)

Uvod Cilj rada je bio da se uporede dve radiografske metode - digitalna intraoralna radiografija i digitalna ortopantomografija u
proceni kosti oko dentalnih implantata. Uporedivana je i saglasnost istrazivaca prilikom procene, i to jednog istraziva¢a u pono-
vljenim merenjima, kao i dva razli¢ita istrazivaca.

Materijal i metode rada Primenom standardizovane digitalne intraoralne radiografije i digitalne ortopantomografije procenjena je
marginalna kost oko 29 implantata kod 17 pacijenata. Dva istrazivaca su ocenjivala nivo kosti procenjujuci marginalnu kost koja je
pripojena na mezijalnoj i distalnoj povrsini implantata. Merenje je ponovljeno nakon nedelju dana. Za procenu saglasnosti izmedu
merenja, istrazivaca i metode radiografije kori$¢ena je kapa statistika.

Rezultati Uocena je dobra saglasnost izmedu digitalne intraoralne radiografije i digitalne ortopantomografije. Takode, saglasnost
izmedu ponovljenih merenja istog istrazivaca bila je vrlo dobra, dok je saglasnost merenja razlicitih istrazivaca bila umerena.
Zakljucak Digitalna ortopantomografija moze se koristiti za procenu marginalne kosti kod vise dentalnih implantata i kao dopu-
na intraoralnoj radiografiji. Medutim, treba uzeti u obzir varijabilnost istrazivaca kada se uporeduju merenja u razli¢itom periodu.
Kljucne redi: dentalni implantati; intraoralna radiografija; marginalna kost; ortopantomografija; nivo periimplantantne kosti; sla-

ganje istrazivaca

UvoD

Rehabilitacija delimi¢ne ili potpune bezubosti pomoc¢u zubnih
implantata je postala najbolji nacin za nadoknadu zuba koji
nedostaju. Uspeh implantacije u velikoj meri zavisi od margi-
nalne kosti oko implantata. Gubitak marginalne ko$tane mase
od najvise 1,5 mm je prihvatljiv u prvoj godini nakon ugradnje
implantata sa dodatnim godi$njim gubitkom kostane mase ne
vedim od 0,2 mm [1, 2]. Zato se merenje nivoa marginalne al-
veolarne kosti u standardizovanim i serijskim radiografijama
smatra vaznim parametrom za prognozu zubnog implantata.

Intraoralna radiografija, uz primenu paralelne tehnike, kori-
sti se kao najbolji nadin za merenje nivoa marginalne kosti [3,
4]. Intraoralna radiografija ima ve¢u rezoluciju, ali zahteva viSe
vremena. Osim toga, anatomske varijacije, kao $to su plitko nep-
ce ili podignuti pod usta, ¢ine intraoralnu radiografiju teSkom
ili ¢ak nemoguc¢om. U takvim slu¢ajevima ortopantomografija
moZze biti korisna. Panoramska radiografija omogucuje da se
vide veca povrsina tkiva i odnosi izmedu anatomskih struktura,
kao $to su sinusi i neurovaskularni kanali.

Cilj ove studije bio je da se uporedi sposobnost dve radi-
ografske metode, digitalne intraoralne radiografije i digitalne
ortopantomografije, u proceni nivoa marginalne kosti oko den-
talnih implantata. Takode je procenjeno slaganje izedu pono-
vljenih merenja istog istraziva¢a, odnosno saglasnost razli¢itih
istraZzivaca.

MATERIJAL | METODE RADA
U studiju je bilo uklju¢eno 17 pacijenata s Klinike za oralnu

radiologiju koji su zahtevali kontrolu nakon ugradnje dentalnih
implantata. Svi pacijenti su podvrgnuti dentalnoj implantaciju u

poslednjih $est meseci. Standardizovani intraoralni radiogrami
su dobijeni koristeci paralelnu tehniku i zracenje od 70 KVP sa
cilindri¢nom RTG cevi, 2,5 mm aluminijumske filtracije i Zari-
$ne tacke udaljenosti 21 cm. Digitalni panoramski radiogrami
su dobijeni tokom iste posete koristec¢i rendgenski aparat Ko-
dak 8000C, standardnu ekspoziciju i protokol za pozicioniranje.

Dvoje specijalista stomatologije (oralni radiolog i oralni hi-
rurg) ocenjivali su dobijene snimke. Marginalna kost je ocenji-
vana brojanjem kostanih niti izmedu veze implantata i supra-
strukture i kosti na mezijalnoj i distalnoj povrsini implantata.
Prva nit koja je prikazana u celosti je posmatrana kao broj 1.
U slucajevima dvostruke konture marginalne kosti procena je
vrSena na najapikalnijem nivou. Ukupno je procenjeno 29 im-
plantata. Merenje je ponovljeno posle nedelju dana, tako da su
ukupno izvedena 232 merenja.

Podaci su analizirani pomocu statistickog programa SPSS
ver. 19. Kapa (kappa) statistika je kori§¢ena za poredenje sa-
glasnosti izmedu metoda radiografije i istraZivaca. Vrednosti
koeficijenta k su ocenjeni kao: lose slaganje (<0,20), dovoljno
(0,21-0,40), umereno (0,41-0,60), dobro (0,61-0;80) i vrlo do-
bro slaganje (0,81-1,00). Ukupno slaganje je predstavljeno u
procentima [5].

REZULTATI

Ukupno su izvedena 232 merenja za svaku metodu. Procenat sa-
glasnosti za digitalnu intraoralnu i digitalni ortopantomografiju
za dva istraZivaca bio je od 36% do 52% (Tabela 1). Saglasnost
merenja istih istraZivada izraZena kao vrednost koeficijenta k
bila je u rasponu 0,86-0,95 za istrazivaca 1 i 0,87-0,94 za is-
trazivaca 2 (Tabela 2). Saglasnost izmedu digitalne intraoralne
i panoramske radiografije bila je umerena (Tabela 3).



DISKUSIJA

Zubni implantati su najbolji nac¢in proteticke terapije nakon
gubitka zuba. Intraoralna radiografija i ortopantomografija se
obi¢no koriste za procenu nivoa marginalne kosti nakon ugrad-
nje implantata. Cilj nade studije je bio da se utvrdi slaganje iz-
medu digitalne intraoralne radiografije i digitalne ortopanto-
mografije u proceni nivoa kosti oko zubnih implantata. Ove
radioloske metode su izabrane da bi se ogranicila doza zracenja
kojoj je pacijent izlozen.

Saglasnost izmedu testiranih radioloskih metoda bila je u
rasponu od 36% do 52%. Ova stopa saglasnosti je bila dovolj-
na prema koeficijentu x [5]. Kulman (Kullman) i saradnici [6]
su utvrdili sli¢nu stopu saglasnosti izmedu ovih istih metoda.
Medutim, Rolin (Rohlin) i saradnici [7] su zabeleZili veéu sto-
pu saglasnosti (72%) izmedu ortopantomografije u intraoralne
radiografije. Druge studije su takode potvrdile da ortopanto-
mografija moZe biti kori$¢ena kao pouzdana metoda u proceni
marginalne kosti [8, 9, 10]. Takode, prose¢na razlika izmedu
ponovljenih merenja je bila blizu nule.

Procenat saglasnosti je bio ve¢i za svakog od dva istrazivaca
(89,6-96,4%) u odnosu na saglasnost izmedu dva razlicita istra-
zivaca (55,1-65,5%). Koeficijent k je potvrdio dobru saglasnost
izmedu ponovljenih merenja istog istrazivaca. Medutim, sagla-
snost izmedu razlic¢itih istrazivaca je bila umerena. Molander
(Molander) i saradnici [9] su uo¢ili niZi procenat saglasnosti
izmedu ponovljenih merenja istog istrazivaca, ali slican proce-
nat izmedu razli¢itih istrazivaca u poredenju s ovom studijom.
Saglasnost izmedu istrazivaca bila je veca za ortopantomogra-
fiju u odnosu na intraoralnu radiografiju. Ovakav rezultat je
u skladu s nalazima Kulmana i saradnika [6] i De Smeta (De
Smet) i saradnika [3], ali u suprotnosti s nalazima Merner-Sva-
lingove (Morner-Svalling) i saradnika [11], koji su ustanovili
visok procenat saglasnost izmedu istrazivaca (oko 85%) za in-
traoralnu digitalnu i konvencionalnu radiografiju.
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Ova studija je obuhvatila procenu saglasnost merenja dva
istrazivaca, kao i ponovljenih merenja svakog istrazivaca na-
kon pauze od najmanje nedelju dana. Ovakvo istraZivanje je
izvedeno u skladu s nalazom Kulmana i saradnika [6], koji su
preporucili viSe od jednog istrazivaca da bi se izbegla pristra-
snost. Broj kostanih niti oko implantata je kori§¢en za procenu
marginalne kosti umesto merenja razdaljine (u milimetrima)
od spoja implantata sa suprastrukturom do vrha kosti. Brojanje
niti se ¢e§¢e koristi u svakodnevnoj praksi. Osim toga, razli¢iti
faktori uvecanja ove dve radiografske metode ne uti¢u na bro-
janje kostanih niti; stoga je preporucena metoda za procenu
nivoa periimplantatne kosti [12].

ZAKLUCAK

Saglasnost izmedu digitalne intraoralne i digitalne ortopanto-
mografije je dovoljna i panoramska radiografija ima prihvatljivu
preciznost u oceni nivoa marginalne kosti oko zubnih implan-
tata. S obzirom na to da je ortopantomografija isplatljivija, brza
i zahteva manju dozu zracenja, ona se moze koristiti u proceni
nivoa marginalne kosti kod pacijenata s visestrukim implanta-
tima, ali i kao dopuna intraoralnoj radiografiji kada je potrebno.
Medutim, treba uzeti u obzir varijabilnost istrazivac¢a kada se
porede vrednosti dobijene tokom postoperacionog pracenja.
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SUMMARY

Introduction The aim of this study was to evaluate using SEM analysis the effectiveness of a new instrument XP-endo
Finisher in cleaning root canal walls after instrumentation with BioRaCe NiTi rotary instruments.

Material and Methods This in vitro study was conducted on 30 extracted single rooted teeth divided in two groups.
Instrumentation of all canals was done using basic BioRaCe NiTi rotary instruments with copious irrigation of 2%
NaOCl. In the first group, after complete instrumentation smear layer was removed using XP-endo Finisher, while the
other group served as negative control. The roots were then after longitudinally cut and SEM analysis was performed.
The presence of smear layer in the coronal, middle and apical third was assessed. The data were statistically analyzed
using Mann-Whitney U-test (p<0.05).

Results The results showed that average value of smear layer on the canal walls in the XP-endo Finisher group was
significantly lower than in the control group (p<0.05).

Conclusion XP-endo Finisher after canal instrumentation with NiTi rotary instruments effectively cleaned canal walls

and removed smear layer.

Keywords: XP-endo Finisher; smear layer; NiTi rotary instruments; SEM

INTRODUCTION

The success of endodontic treatment depends signifi-
cantly on the quality of cleaning and shaping the root ca-
nal system. However, adequate canal preparation, which
involves mechanical (instrumentation) and chemical as-
pects (irrigation) is difficult to achieve due to the complex
canal morphology [1].

Both hand and rotary instrumentation create smear
layer of different thickness on the canal walls as a con-
sequence of cutting dentin [2]. This layer contains remi-
nants of dentin, pulp tissue, microorganisms and covers
canal walls touched by instruments [2, 3]. The presence
of smear layer and debris, especially in the apical portion
of the canal, is of clinical significance because bacteria
in combination with unfavorable local factors may cause
endodontic failure [4]. In addition, this layer closes tu-
bules and reduces the effect of irrigating solutions, sig-
nificantly affects the quality of obturation and outcome
of endodontic treatment [3, 4].

Instrumentation using rotary NiTi instriments is rela-
tively new approach in the preparation of root canals, but
effective cleaning of a complex canal system still remains
a challenge for dental practitioners [2, 5]. It has been con-
firmed that NiTi rotary instruments provide faster and
better canal preparation in the form of elongated cone and
with minimal risk of transportation [6-9]. However, due to
the limited efficacy of instruments alone in the cleaning
root canals, it is necessary to add rinsing of canals using

appropriate irrigants [3]. Endodontic irrigants by their
physical and chemical actions allow dissolution of smear
layer on the canal walls and its partial removal [1, 3]. It is
necessary to use a combination of different irrigants and
most frequently used is a combination of NaOCl and EDTA.
NaOCl provides reduction of microorganisms and dissolu-
tion of organic part while EDTA acts on inorganic content
and contributes significantly to the removal of dentine de-
bris and smear layer from the root canal walls [2,9, 10].

EDTA and various concentrations of citric acid are
used as final rinse after instrumentation as well as various
solutions of lactic, tannic acid, acetic acid, polyacrylic acid
or tetracycline (MTAD) (3, 10, 11]. Chitosan can also be
used to remove smear layer. It represents natural polysac-
charide solution, which contains chlorhexidine and has a
slight chelating effect [10, 12]. Another means for smear
layer removal include ultrasound or laser techniques
[3, 13, 14]. It has been confirmed that the use of flex-
ible microbrushes can reduce debris and remove smear
layer from root canal walls [2, 15]. Removal of smear layer
from the canal walls before final obturation significantly
increases sealer adhesion and reduces the incidence of
microleakage along the canal walls [16, 17]. However,
none available technique provides complete and efficient
removal of smear layer therefore, research is directed to-
wards finding new resources and instruments to remove
smear layer effectively.

The aim of this study was to evaluate using SEM analy-
sis the effectiveness of a new instrument XP-endo Fin-
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isher in cleaning root canal walls after instrumentation
with BioRaCe NiTi rotary instruments.

MATERIAL AND METHODS

This in vitro study included 30 single-rooted teeth extracted
for orthodontic or periodontal reasons. Prior to the experi-
ment, teeth were stored in saline at 4°C. Access cavity in all
teeth was prepared using high speed handpiece and dia-
mond bur. Glide path was achieved using ISO 15 and work-
ing length determined 1 mm shorter than the length when
the file appears at the apex. Apex of each tooth was closed
with pink wax to prevent leakage of the irrigant through the
apical foramen during canal preparation. The teeth were
divided into two groups (15 teeth each).

Instrumentation of all canals was done using a basic set
of NiTi rotary instrument BioRaCe (FKG Dentaire, Swiss)
according to the manufacturer’s instructions [18]. Hand-
piece with reduced number of revolutions (16: 1) and
endomotor TCM ENDO V (Nouvag AG, Swiss) was used.
During instrumentation, all teeth were irrigated with 2 ml
of 2% sodium hypochlorite solution (Chlorax, Cerkamed,
Poland) after each instrument. At the end of instrumenta-
tion canals were flushed with 5ml of 2% solution of NaO-
Cl. Plastic syringes of 2 ml (during instrumentation) and
5 ml (for final rinse) volume and an appropriate needle
size 27 bent at the angle of 30° were used for irrigaton.

In the first group of teeth, after complete instrumenta-
tion, smear layer was removed using a new instrument
XP-endo Finisher (FKG Dentaire, Swiss), while the second
group of teeth served as control (no smear layer removal).
XP-endo Finisher was taken from sterile packaging and
placed in the handpiece. Working length for each canal
was determined using plastic tube and stopper. XP-endo
Finisher instrument was cooled using spray ENDO Frost
(RSA, Colten, Whaledent GmBH, Germany) through the
plastic tube and placed in the canal filled with irrigant.
Using gentle movements of insertion and withdrawal
XP-endo Finisher was applied in each canal during one
minute. After on minute canals were washed with the rest
of the NaOCl solution.

After complete procedure, crowns of all teeth were cut
using a diamond disc, roots were split longitudinally and
selected halves prepared for SEM (JEOL, JSM 6460 LV,
JAPAN). Dentinal wall of each tooth was observed under
the SEM in the region of coronal, middle and apical thirds
using different magnifications and photomicrographs
were done. Qualitative assessment of smear layer on root
canal walls was based on criteria given by Hulsmann et
al. [19]: Grade 1 - no smear layer, dentinal tubules open;
Grade 2 - there is a small amount of smear layer, open
some dentinal tubules; Grade 3 — homogeneous smear
layer covering canal walls, a few dentinal tubules open;
Grade 4 - complete canal wall covered with homogenous
smear layer, dentinal tubules closed; Grade 5 - ordinary
homogeneous smear layer covering the entire canal walls.

The obtained results were analyzed using the Mann-
Whitney U-test.
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RESULTS

The average scores for the smear layer in a group where
XP-endo Finisher was used were significantly lower
than in the group where smear layer was not removed
(p=0.013) (Table 1). Mann-Whitney U-test did not show
statistically significant differences in smear layer scores
between the two groups in the coronal, middle or apical
third of canals (Table 2).

After applying XP-endo Finisher clean walls were ob-
served in the coronal third, no smear layer and open den-
tinal tubules in the middle third (Figure 1) and shreds of
smear layer with number of open dentinal tubules in the
apical third of the canals (Figure 2). Instrumentation us-
ing BioRaCe instruments produced more smear layer on
the canal walls in the middle (Figure 3) than in the apical
third of the canal (Figure 4).

Table 1. Average grade of smear layer in the coronal, middle and
apical third of root canals

Tabela 1. Prose¢na ocena razmaznog sloja u kruni¢noj, srednjoj i
apeksnoj trecini kanala korena

| Canal third Smear layer
nstrument T Razmazni sloj
Instrument =
kanala N X SD cv
Coronal 15 | 107 | 026 | 2430
Kruni¢na
‘ Middle 15 | 107 | 026 | 2430
Bio RaCe + Srednja
XP-endo Finisher i
Apical 15 1.13 035 | 3097
Apeksna
Total 45 109 | 029 | 2661
Ukupno
Coronal 15 | 127 | 046 | 3622
Kruni¢na
Middle 15 133 | 062 | 4662
) Srednja
BioRaCe Apical
pica 15 147 | 074 | 5034
Apeksna
Total 45 | 136 | 061 | 4485
Ukupno

N - number of teeth; X — mean value; SD - standard deviationa;
CV - coefficient of variation

N - broj zuba; X - aritmeti¢ka sredina; SD — standardna devijacija;
CV - koeficijent varijacije

Table 2. Assesment of smear layer in the coronal, middle and apical
third of root canals

Tabela 2. Procena razmaznog sloja u kruni¢noj, srednjoj i apeksnoj
trecini kanala korena

X Grade
Instrument Canfl third Ocena
Instrument Treéina kanala
1 2 3 4 5
Coronal %] 1] 0|0l o
Kruni¢na
Bio RaCe + Middle
XP-endo Finisher Srednja 14 ! 0 0 0
Apical
Apeksna 132010 o0
Coronal 1| 410 ] 0] o0
Kruni¢na
Bio RaCe Middle M3 1] 0|0
Srednja
Apical
Apeksna 10 | 3 2 0 0
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Figure 1. Middle third of the canal wall after applying XP-endo
Finisher (SEM, 5000x)

Slika 1. Srednja tre¢ina zida kanala korena nakon primene instru-
menta XP-endo Finisher (SEM, x5000)

Figure 2. Apical third of the canal wall after applying XP-endo Fin-
isher (SEM 1000x)

Slika 2. Apeksna trecina zida kanala korena nakon primene instru-
menta XP-endo Finisher (SEM, x1000)

Figure 3. Smear layer in the middle third of the canal wall after in-
strumentation with BioRaCe rotary NiTi instruments (SEM 5000x)
Slika 3. Razmazni sloj u srednjoj trecini zida kanala korena nakon
instrumentacije setom BioRaCe rotirajucih NiTi instrumenata (SEM,
x5000)

DISCUSSION

The main goal of endodontic treatment is to instrument
and irrigate root canal walls and ensure effective cleaning of
endodontic space, including complete removal of necrotic
or vital pulp, ie. all bacteria from the root canal system [20].
Removal of smear layer that forms along the walls during
instrumentation is an important clinical parameter for the
success of endodontic treatment [1,2,4, 21].

In our study, all teeth were instrumented and irrigated
using the same protocol (done by the same practitioner),
therefore, results can be regarded solely as a function of
the final cleaning of the canal system. The results showed
a significantly more efficient removal of the smear layer
from the root canal walls after using XP-endo Finisher. The
use of this instrument resulted in more efficient cleaning
of the canal system and considerably less smear layer at
all levels (coronal, middle, apical). Instrumentation tech-
niques [6,9,16,22] and the choice of irrigants and irriga-
tion techniques (3, 10, 22, 23, 24] are the key factors for
the success of endodontic treatment. Although due to the

Figure 4. Smear layer in the apical third of the canal wall after in-
strumentation with BioRaCe rotary NiTi instruments (SEM 2000x)
Slika 4. Razmazni sloj u apeksnoj trecini zida kanala korena nakon
instrumentacije setom BioRaCe rotirajucih NiTi instrumenata (SEM,
x2000)

complex anatomy it is difficult to achieve the shape of an
elongated cone [25], crown-down technique using NiTi
rotary instruments provides efficient cleaning and shap-
ing of canals for significantly shorter time [21,22, 26, 27].

In the current study, the efficacy of NiTi rotary files in
the cleaning of root canals was evaluated using numerical
evaluation of smear layer in coronal, middle and apical
third of the canal, which is consistent with the findings of
other researchers [7, 10, 17, 19, 27]. In the control group
BioRaCe rotary files produced a small amount of smear
layer along the canal walls. This result can be attributed
primarily to their flexibility, design and electrochemically
polished surface [28, 29]. File design with alternating ac-
tive (to cut) and non-active parts (to eliminate dentin de-
bris) and copious irrigation provide efficient cleaning of
canal walls [29, 30, 31]. Small amount of smear layer also
could be attributed to the fact that instrumentation was
done in straight canals only and with copious irrigation.
File design also had influence on low ammount of smear
layer [17,21,22]. Coronal and middle third of canals were
cleaner and showed less smear layer than apical third.



This can be attributed primarily to larger diameter of the
coronal part and better tissue-chemical contact during
instrumentation and the fact that dentin is exposed to
larger volume of irrigant [15, 22, 32]. Also, BioRaCe NiTi
rotary files provide wide and funnel shaped canal with
larger apical conicity (6%) allowing deeper aplication of
needle and irrigants [15,22, 31, 33, 34]. This endodontic
system also shows significantly less transportation in the
apical portion of the canal compared to other rotary NiTi
systems [31]. Low amount of smear layer and dentinal
debris found could be the consequence of the speed of file
rotation. It has been shown earlier that slightly faster file
rotation produce better cleaning effect (BioRaCe rotation
speed is 600 r/min) compared to other rotary NiTi instru-
ments (300-400 r/min) [17, 34].

Although combination of NaOCl and EDTA is gold
standard in chemomechanical instrumentation of canals
[11, 13,21, 24, 32] in the current study only NaOCl was
used [31, 35, 36]. As the main goal of the current study
was to evaluate cleaning effect of BioRaCe NiTi rotary
files, to avoid the effect of chelating agents in smear layer
removal [21, 31, 36] only sodium hypochlorite was used
as irrigant. Sodium hypochlorite shows dissolving efficacy
on the organic part of dentin, but also extraordinary an-
tibacterial activity [11, 31]. Although complete cleaning
was not achieved, effective cleaning and removal of smear
layer was noticed at all levels of the canal. It is important
to note that with the use of EDTA results would have been
better and smear layer removed more effectively in the
apical portion of canals [21, 31, 32, 35, 36].

After canal instrumentation using BioRaCe NiTi rotary
files, XP-endo Finisher was used to remove smear layer
and effective action at all canal levels was found. Noticable
in the current study was effective removal of smear layer
in the apical portion of the canal. This can be attributed to
wider diameter of used files (ISO40) and better efficien-
cy of irrigants [11, 15, 31, 35, 36]. It has been confirmed
that rotary NiTi files during instrumentation come into
contact with only 40-45% of the canal walls, therefore,
large portion of the canal surface remains untreated [21,
27]. Instrumentation removes only dentin that comes in
contact with rotating file and at the same time a large
portion of dentin debris stays in these untreated areas
[21, 26]. It can be removed only using copious and effec-
tive irrigation [11, 32]. Due to specific design, XP-endo
Finisher can reach those inaccessible parts of the canal
and provide better cleaning [18]. Small diameter (ISO 25)
and the fact that it can change its shape during rotation in
the canal (M and A phase) allow this file to reach inacces-
sible areas of the canal wall and efficiently remove dentin
debris and smear layer [18]. XP-endo Finisher is rotary
NiTi file without taper which with efficient irrigation in
instrumented canals can remove smear layer and dentin
debris from inaccessible areas.

CONCLUSION

Within the limits of this study it can be concluded that
chemomechanical instrumentation with BioRaCe rotary
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NiTi files provided good cleaning of the root canal walls.
Application of XP-endo Finisher after instrumentation in
a single-rooted teeth removed smear layer from root canal
walls in all segments.
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KRATAK SADRZA]

Uvod Cilj ovog rada je bio da se SEM analizom proveri efikasnost novog instrumenta XP-endo Finisher na kvalitet ¢i-
$¢enja zidova kanala korena zuba nakon instrumentacije BioRaCe NiTi rotirajué¢im instrumentima.

Materijal i metode rada Istrazivanja su izvedena u uslovima in vitro na 30 ekstrahovanih jednokorenih zuba podeljenih u dve
grupe. Instrumentacija svih kanala je realizovana osnovnim setom BioRaCe NiTi rotirajucih instrumenata uz irigaciju dvoprocent-
nim rastvorom NaOCI. U prvoj grupi je nakon instrumentacije za uklanjanje razmaznog sloja koris¢en XP-endo Finisher, a druga
grupa je sluzila kao kontrolna. Korenovi svih zuba su uzduzno podeljeni i SEM metodom je analiziran kvalitet Cis¢enja kanala ko-
rena, odnosno postojanje razmaznog sloja u kruni¢noj, srednjoj i apeksnoj trecini. Podaci su statisti¢ki analizirani Man-Vitnijevim
(Mann-Whitney) U-testom (p<0,05).

Rezultati Dobijeni rezultati su pokazali da je ukupna srednja vrednost postojanja razmaznog sloja na zidovima kanala u grupi gde
je koris¢en XP-endo Finisher bila statisti¢ki znacajno manja nego u kontrolnoj grupi uzoraka (p<0,05).

Zakljucak XP-endo Finisher posle obrade kanala NiTi rotiraju¢im instrumentima efikasno Cisti kanal i uklanja razmazni sloj sa zi-

dova kanala.

Kljucne reci: XP-endo Finisher; razmazni sloj; NiTi rotirajudi instrumenti; SEM

uvoD

Uspeh endodontskog lecenja umnogome zavisi od kvaliteta
¢i$¢enja i oblikovanja kanalnog sistema zuba. Medutim, odgo-
varajucu preparaciju kanala, koja podrazumeva mehanicki (in-
strumentacija) i hemijski aspekt (irigacija), uglavnom je tesko
ostvariti zbog slozene morfologije kanala [1].

Ru¢nom ili masinskom instrumentacijom se kao posledica
secenja dentina na povrsini zidova kanala stvara razmazni sloj
razli¢ite debljine [2]. Ovaj sloj sadrzi ostatke dentina pulpnog
tkiva, mikroorganizme i uglavnom pokriva instrumentirane zi-
dove kanala [2, 3]. Postojanje razmaznog sloja i debrisa, posebno
u apeksnom delu kanala, od klini¢kog je znacaja jer bakterije u
kombinaciji s nepovoljnim lokalnim faktorima mogu biti uzrok
neuspeha endodontskog le¢enja [4]. Osim toga, ovaj sloj zatvara
dentinske tubule i umanjuje efekat sredstva za irigaciju, a bitno
utie i na kvalitet opturacije i ishod endodontskog le¢enja [3,4].

Rotirajuéi instrumenti od nikl-titanijuma (NiTi) jesu rela-
tivno nova sredstva u preparaciji kanala, ali efikasno ¢i$¢enje
kompleksnog kanalnog sistema je i dalje izazov za vecinu sto-
matologa prakti¢ara [2, 5]. Potvrdeno je da ovi instrumenti mo-
gu da obezbede brzu i kvalitetniju preparaciju kanala u obliku
izduzenog konusa i sa veoma malim rizikom od transportacije
[6-9]. Medutim, zbog ograni¢ene efikasnosti instrumenata u
¢iS¢enju kanala korena, neophodno je tokom i posle mehanickih
procedura kanale isprati odgovaraju¢im hemijskim agensima
[3]. Irigansi, izmedu ostalog, svojim fizi¢kim i hemijskim delo-
vanjem omogucavaju rastvaranje razmaznog sloja na zidovima
kanala i njegovo delimi¢no uklanjanje [1, 3]. Tokom irigacije je
neophodno koristiti kombinaciju razli¢itih irigansa, a najcesce
primenjivana je kombinacija rastvora NaOCl i EDTA. Rastvor
NaOCl obezbeduje redukciju mikroorganizama i rastvaranje
organskog dela, a EDTA svoje delovanje ispoljava na neorgan-
skom sadrzaju i znatno doprinosi uklanjanju dentinskog debrisa
i razmaznog sloja sa zidova kanala korena [2, 9, 10].

Za uklanjanje razmaznog sloja posle zavr$ene instrumenta-
cije kanala najcesce se koriste rastvor EDTA i razli¢ite koncen-
tracije limunske kiseline, a mogu se koristiti i rastvori mle¢-
ne, taninske, siréetne i poliakrilne kiseline, odnosno rastvori
tetraciklina (MTAD) [3, 10, 11]. Kao sredstvo za uklanjanje
razmaznog sloja koristi se i hitosan, rastvor prirodnog polisa-
harida, koji sadrzi hlorheksidin i ima blago helirajuce dejstvo
[10, 12]. Vazno mesto u uklanjanju razmaznog sloja pripada i
ultrazvu¢nim, odnosno laserskim tehnikama [3, 13, 14]. Potvr-
deno je da i koriSc¢enje fleksibilnih mikrocetkica moze pomoci
u smanjenju debrisa i razmaznog sloja na zidovima kanala [2,
15]. Brojna sredstva i tehnike za njegovo uklanjanje sa zidova
kanala pre konacne opturacije znac¢ajno povecavaju prianjanje
paste za zidove i smanjuju pojavu mikrocurenja duz zidova
kanala korena [16, 17]. Medutim, kako nijedno sredstvo i ni-
jedna tehnika ne obezbeduju potpuno i efikasno uklanjanje
razmaznog sloja sa zidova kanala, danas je posebna paznja
usmerena ka pronalaZenju novih sredstava i instrumenata za
uklanjanje ovog sloja.

Cilj ovog rada je bio da se SEM analizom proveri efikasnost
novog instrumenta XP-endo Finisher na kvalitet ¢i$¢enja zidova
kanala korena zuba nakon instrumentacije BioRaCe NiTi roti-
rajuc¢im instrumentima.

MATERIJAL | METODE RADA

Ispitivanja su izvedena u uslovima in vitro na 30 jednokorenih
zuba ekstrahovanih iz ortodontksih ili parodontoloskih razloga.
Do pocetka eksperimenta zubi su ¢uvani u fiziolo$kom rastvoru
na 4°C. Pristupni kavitet kod svih zuba je formiran visokotu-
raznom busilicom i dijamantskim svrdlom. Prohodnost kanala
proveravana je instrumentom ISO15, a radna duzZina prepara-
cije odredena je 1 mm krace od duzine na kojoj se vrh turpije
pojavljuje na apeksu. Vrh korena svakog zuba je prekriven roze
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voskom, kako bi se sprecilo isticanje irigansa kroz apeksni otvor
tokom preparacije kanala. Zubi su svrstani u dve grupe od po
15 zuba.

Svi kanali su obradeni primenom osnovnog seta NiTi ro-
tirajucih instrumenta BioRaCe (FKG Dentaire, Svajcarska) uz
postovanje uputstva proizvodaca o nacinu i redosledu njihovog
koris¢enja tokom preparacije [18]. Kori$¢eni su kolenjak s redu-
kovanim brojem obrtaja (16:1) i endomotor TCM ENDO V (No-
uvag, AG,Svajcarska). Tokom instrumentacije svi zubi su ispirani
dvoprocentnim rastvorom NaOCl (Chlorax, Cerkamed, Poljska)
u koli¢ini od 2 ml izmedu svakog instrumenta. Po zavr$enoj in-
strumentaciji kanal je ispiran sa jo$ 5 ml dvoprocentnog rastvora
NaOCl. Za ispiranje su kori$¢eni plasti¢ni Spricevi zapremine 2
ml (tokom instrumentacije) i 5 ml (tokom finalnog ispiranja) i
odgovarajuce igle veli¢ine 27 savijene pod uglom od 30 stepeni.

U prvoj grupi je nakon masinske instrumentacije razmazni
sloj uklanjan kori$¢enjem novog instrumenta XP-endo Finis-
her (FKG Dentaire, Svajcarska), a druga grupa instrumentiranih
zuba je sluzila kao kontrolna. U prvoj grupi je svaki kanal posle
instrumentacije ispunjavan irigansom, a potom uziman XP-en-
do Finisher iz sterilnog pakovanja i postavljen u kolenjak. Rad-
na duzina je za svaki kanal odredivana pomocu plasti¢ne tube
i stopera. Pre svakog unosenja instrument je ohladen sprejom
Endo Frost (Roeko, Colten, Whaledent GmbH, Nemacka) preko
plasti¢ne tube i postavljen u kanal. XP-endo Finisher je koris¢en
neznim pokretima uvlacenja i izvlacenja tokom jednog minuta
u kanalu. Posle izvlacenja instrumenta kanal je ispran ostatkom
rastvora NaOCL

Krunice zuba su potom uklonjene dijamantskim diskom, a
korenovi uzduzno podeljeni i odabrane polovine pripremljene
za posmatranje na svetlosnoelektronskom mikroskopu (JEOL,
JSM 6460 LV, Japan). Dentinski zid svakog zuba je posmatran
u predelu kruni¢ne, srednje i apeksne trec¢ine na razlic¢itim
uveli¢anjima i napravljene su fotomikrografije. Za kvalitativou
procenu postojanja razmaznog sloja na zidovima kanala kore-
na koriséeni su kriterijumi Hilsmana (Hiilsmann) i saradnika
[19]: ocena 1 oznacavala je da nema razmaznog sloja i da su
dentinski tubuli otvoreni; ocena 2 — zastupljena mala koli¢ina
razmaznog sloja, otvoreno nekoliko dentinskih tubula; ocena
3 - homogeni razmazni sloj prekriva zid kanala korena, otvo-
reno samo nekoliko dentinskih tubula; ocena 4 - celokupan
zid kanala prekriven homogenim razmaznim slojem, dentinski
tubuli nisu otvoreni; ocena 5 - obi¢an nehomogeni razmazni
sloj prekriva celokupan zid kanala korena.

Dobijeni rezultati su analizirani primenom Man-Vitnijevog
(Mann-Whitney) U-testa.

REZULTATI

Ukupne srednje vrednosti skorova za razmazni sloj u grupi
gde je koris¢en XP-endo Finisher bile su statisticki znacajno
manje nego u grupi gde je instrumentacija uradena samo Ni-
Ti rotiraju¢im instrumentima BioRaCe (p=0,013) (Tabela 1).
Man-Vitnijev U-test nije pokazao statisticki znacajne razlike u
skorovima razmaznog sloja izmedu grupa ni u kruni¢nim, ni u
srednjim, niti u apeksnim tre¢inama kanala (Tabela 2).

Posle primene XP-endo Finisher uoceni su ¢isti zidovi u kru-
ni¢noj tre¢ini, bez razmaznog sloja i s otvorenim dentinskim
kanali¢ima u srednjoj (Slika 1), odnosno s opiljcima razmaznog

sloja i sa dosta otvorenih dentinskim kanali¢a u apeksnoj tre¢ini
kanala (Slika 2).

Instrumentacija kanala BioRaCe rotiraju¢im instrumentima
je proizvela nesto viSe razmaznog sloja na zidovima kanala u
srednjoj (Slika 3), odnosno apeksnoj tre¢ini kanala (Slika 4).

DISKUSIJA

Osnovni zadatak endodontskog lec¢enja je da se instrumenta-
cijom i irigacijom obezbedi efikasno ¢i$¢enje endodontskog
prostora, koje podrazumeva potpuno uklanjanje nekroti¢nog
ili vitalnog tkiva, odnosno svih bakterija iz kanalnog sistema
zuba [20]. Eliminacija razmaznog sloja koji se stvara duz zidova
kanala korena tokom instrumentacije znacajan je klinicki para-
metar za uspeh endodontskog lecenja [1,2,4,21].

U ovom istrazivanju svi uzorci su instrumentisani i ispirani
prema istom protokolu (a uradio ih je isti prakti¢ar), tako da
se dobijeni rezultati mogu posmatrati jedino u funkciji final-
nog ¢iS¢enja kanalnog sistema. Dobijeni rezultati su ukazali na
znacajno efikasnije uklanjanje razmaznog sloja sa zidova kanala
korena nakon kori$¢enja XP-endo Finisher. Primena ovog in-
strumenta dovela je do efikasnijeg ¢i$¢enja kanalnog sistema i
znatno manje koli¢ine razmaznog sloja na svim nivoima kana-
la (kruni¢na, srednja, apeksna). Klju¢ni deo ¢i¢enja kanalnog
sistema zuba zavisi od tehnike instrumentacije [6, 9, 16, 22] i
izbora irigansa i tehnike irigacije kanala korena [3, 10, 22, 23,
24].Tako je zbog kompleksne anatomije tesko ostvariti formu iz-
duzenog, levkasto oblikovanog konusa [25], sigurno je da se tzv.
crown-down tehnikom preparacije i primenom NiTi rotirajuc¢ih
instrumenata moze ostvariti vrlo efikasno ¢i$¢enje i oblikovanje
kanala za znacajno krade vreme [21, 22, 26, 27].

U ovoj studiji je efikasnost ¢i$¢enja kanala korena prime-
nom seta NiTi rotiraju¢ih instrumenata proveravana na osno-
vu numericke procene postojanja razmaznog sloja u kruni¢noj,
srednjoj i apeksnoj trecini kanala, $to je u saglasnosti s nalazima
drugih istrazivaca 7, 10,17, 19,27]. U kontrolnoj grupi set Bio-
RaCe rotiraju¢ih instrumenata je stvarao manje koli¢ine razma-
znog sloja u svim segmentima kanala korena. Ovakav rezultat se
moZe pripisati, pre svega, velikoj fleksibilnosti, odnosno dizajnu
i elektrohemijski poliranoj povrsini radnog dela instrumenta
[28, 29]. Naime, dizajn aktivnog dela ove turpije s naizmeni¢-
nim kosim (koji seku) i ravnim delovima (koji eliminisu se¢eni
dentin) uz obilnu irigaciju, obezbeduje efikasno ¢iS¢enje zidova
kanalnog sistema [29, 30, 31]. Manja koli¢ina razmaznog sloja
moze biti i posledica ¢injenice da je instrumentacija izvedena
iskljucivo kod pravih kanala i uz obilnu irigaciju, gde je dizajn
instrumenta posebno uticao na izostanak formiranja ovog sloja
na zidovima kanala [17, 21, 22].

Kruni¢na i srednja tre¢ina kanala su bile ¢istije i s manje
razmaznog sloja nego apeksna. Ovo se moze pripisati, pre svega,
veéem pre¢niku ovog regiona i boljem tkivnohemijskom kon-
taktu tokom instrumentacije, odnosno ¢injenici da je dentin
izlozen veéoj koli¢ini irigansa [15, 22, 32]. Takode, preparacija
setom BioRaCe NiTi rotirajucih instrumenata obezbeduje $i-
rok i levkast kanal s ve¢om apeksnom koni¢nosc¢u (6%), $to
omogucava bolje prodiranje igle i rastvora za irigaciju, a time i
efikasnije uklanjanje razmaznog sloja [15, 22, 31, 33, 34]. Pre-
paracija kanala RaCe instrumentima dovodi do znacajno manje
transportacije u apeksnom delu kanala u odnosu na druge NiTi



rotirajuce instrumente [31]. Na formiranje manjih koli¢ina raz-
maznog sloja i dentinskog debrisa mogla je uticati i brzina ro-
tacije instrumenta. Potvrdeno je da nesto vece brzine ostvaruju
bolji efekat ¢i$¢enja (brzina rotacije BioRaCe je 600 obrtaja u
minuti) u odnosu na najéesce brzine rotirajuc¢ih NiTi instrume-
nata (300-400 obrtaja u minuti) [17, 34].

Iako je kombinacija rastvora NaOCl i EDTA zlatni standard
u hemomehanickoj preparaciji kanala [11, 13, 21, 24, 32], u
ovoj studiji je izabran jednostavan irigacioni protokol i tokom
instrumentacije je kori$¢en samo rastvor NaOCl [31, 35, 36].
Osnovni cilj je bio da se proveri efekat ¢iS¢enja kanala setom
BioRaCe NiTi rotirajuc¢ih instrumenata i izbegne nesumnjiv
uticaj helatnih agensa na uklanjanje razmaznog sloja [21, 31,
36]. Rastvor NaOCl je naj¢esce kori§¢eno sredstvo za irigaciju
kanala korena, prvenstveno zbog svog rastvarackog efekta na
organski deo dentina, ali i izvanrednog antibakterijskog delova-
nja [11, 31]. Iako nisu obezbedeni potpuno ¢isti kanali, ovakvim
protokolom je potvrdeno dosta efikasno ¢iS¢enje i uklanjanje
razmaznog sloja na svim nivoima kanala. Vazno je napomenuti
da bi kori$¢enjem rastvora EDTA dobijeni rezultat bio sigurno
bolji, a uklanjanje razmaznog sloja verovatno jo$ efikasnije i u
apeksnom delu kanala [21, 31, 32, 35, 36].

U grupi gde je nakon preparacije kanala setom BioRaCe
NiTi rotirajucih instrumenata za uklanjanje razmaznog sloja
kori$¢en novi instrument XP-endo Finisher ostvareno je vrlo
efikasno ¢i§¢enje na svim nivoima kanala. Ono $to se na osnovu
ove studije moze zapaziti jeste vrlo efikasno uklanjanje razma-
znog sloja i u apeksnom delu kanala. To se moze pripisati Sirem
pre¢niku ovog regiona (ISO40) i vecoj efikasnosti kori§¢enog
irigansa u uklanjanju razmaznog sloja [11, 15, 31, 35, 36]. Po-
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tvrdeno je takode da standardni rotiraju¢i NiTi instrumenti pri
obradi kanala dolaze u kontakt sa samo 40-45% zidova kanala,
tako da veliki deo kanalne povrine ostaje neobraden (21, 27].
Preparacijom kanala se uklanja samo sloj dentina koji dolazi u
kontakt s rotiraju¢im instrumentom i pri tome veliki deo sece-
nog dentina zaostaje upravo u tim neobradenim segmentima
kanalnog zida [21,26]. Ovaj deo dentina se moZe ukloniti samo
obilnom i efikasnom irigacijom [11, 32]. Zahvaljujuéi specifi¢-
nom dizajnu, instrument XP-endo Finisher bolje ¢isti kanal, jer
moze da dopre i do tih nepristupa¢nih delova kanala [18]. Mali
pre¢nik ovog NiTi instrumenta (ISO25) i ¢injenica da moze da
menja svoj oblik tokom rotacije u kanalu (M i A faza) omoguca-
va mu da u fazi rotacije moZe dopreti do nepristupaénih mesta
u kanalnom sistemu i obezbediti efikasno uklanjanje debrisa i
razmaznog sloja [18]. XP-endo Finisher je rotirajuéi NiTi instru-
ment bez koni¢nosti koji uz efikasnu irigaciju dobro prosirenog
kanalnog sistema dobro Cisti zidove kanala i uklanja razmazni
sloj sa zidova kanala, ali i seceni dentin iz nepristupa¢nih seg-
menata kanalnog sistema.

ZAKLUCAK

U okviru ogranicenja ove studije mozZe se zaklju¢iti da se nakon
instrumentacije kanala korena BioRaCe NiTi rotiraju¢im instru-
mentima obezbeduje dobro hemomehanicko ¢i$¢enje kanal-
nog sistema zuba i njegovih zidova. Primena XP-endo Finisher
nakon instrumentacije kanala jednokorenih zuba obezbeduje
efikasno uklanjanje razmaznog sloja sa zidova kanala u svim
njegovim segmentima.
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SUMMARY

Introduction Vascular network of dental pulp is supplied through common and external carotid artery and terminal
dental branches that supply each pulp tissue. Age related changes of pulp tissue influence pulpal vascularization as
well. The aim of this study was to compare and correlate pulpal and common and external carotid artery blood flow
in young and middle age individuals of general population.

Material and Methods Two groups of 10 participants were included in the study, young (20-25 years) and middle
age (50-55 years) group. Pulpal blood flow (PBF) measurements on intact right and left upper central incisors were
performed using laser Doppler flowmetry (LDF) method. Carotid arteries blood flow was assessed using carotid ul-
trasonography.

Results PBF levels were significantly higher in young (3.11+£0.67 and 3.46+1.11, right and left upper central incisors,
respectively) compared to middle age (1.93+0.47 and 2.30+0.64, right and left upper central incisors, respectively)
participants (independent sample t test; p<0.05). There was no correlation between common and external carotid
artery blood flow and upper central incisors PBF in young as well as middle age participants, for right or left side.
Conclusion Absence of correlation between carotid arteries blood flow and PBF suggests that reduced PBF in middle
age participants was probably not due to reduced blood supply from carotid arteries but it was result of age related

changes at the level of pulpal blood vessels.

Keywords: dental pulp; blood flow; aging; carotid artery; laser Doppler flowmetry

INTRODUCTION

Dental pulp is well vascularized tissue with relatively
high resting blood flow compared to other oral tissues
[1]. Pulpal vasculature consists of arterial vessels that en-
ter the pulp space through the apical foramina and addi-
tional blood vessels running into the pulp through lateral
channels. From apical to coronal region of the pulp this
network gives off numerous branches and terminates in
a capillary plexus [2, 3]. The pulp is enclosed within rigid
walls of dentin and any change in blood vessels volume
might result in disturbed tissue pressure, which in turn
could affect capacity for regeneration turnover as well
as the excitability of intradental nerves [4, 5]. Such low-
compliance environment augments age-related changes
that influence pulpal vascularization. As tooth gets older
pulp space volume decrease [6] and consequently vascu-
lar, lymphatic and nerve supply is compromised [7, 8].
In common with all tissues, the ability of a tooth to
survive is dependent of a viable blood supply. Vascular
network of dental pulp is supplied through common
carotid, external carotid and maxillary artery that gives
terminal dental branches, which supply each individual

pulp. Carotid arteries, as well as tissues they supply, are
subjected to regressive structural and functional changes
in the process of physiological aging [9, 10, 11].

Up to date there are no data concerning relationship
between PBF and carotid arteries blood flow in general
population and the effect of aging on this relationship.
Thus, the aim of this study was to compare and correlate
pulpal and common and external carotid artery blood
flow in young and middle age individuals of general
population.

MATERIAL AND METHODS
Participants

Two groups of participants who were treated at the De-
partment of restorative odontology and endodontics,
School of Dentistry, University of Belgrade were enrolled
in the study. The young group consisted of 5 male and
5 female healthy participants between 20 and 25 years
of age. The middle age group consisted of 5 male and 5
female healthy participants between 50 and 55 years of
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age. Presence of any systemic disease or taking of any
medication were general exclusion criteria, while caries,
restorations, poor oral hygiene, gingivitis, periodontitis
and tooth sensitivity of maxillary central incisors were
local exclusion criteria. LDF recordings were performed at
the Department of restorative odontology and endodon-
tics, School of Dentistry, University of Belgrade while
carotid ultrasonography recordings were performed at
Vascular Surgery Clinic, “Dedinje” Cardiovascular Insti-
tute, Belgrade. The participants were informed about the
procedures involved and informed consent was received.
The protocol was approved by the Ethical Committee of
School of Dentistry, University of Belgrade, and it was in
accordance with the Helsinki Declaration of 1975.

Laser Doppler flowmetry

LDF recordings were done on healthy, intact upper cen-
tral incisors. Tooth responsiveness to external stimuli was
evaluated by conventional electrical and thermal tests.
Radiographs were taken to determine normal periapical
status of the tooth.

PBF measurements were performed with a laser
Doppler flowmeter (PeriFlux PF 5001, Perimed, Jar-
falla, Sweden). A 1-mW laser produced light of 623.8
nm wavelengths. A round probe (407-2, Perimed) with
a cross-sectional diameter of 1 mm and 3 optical fibers
with diameter of 125 pm (fiber-to-fiber distance 250
pm) were used. The active artifact filter and sampling
frequency of 32Hz were used. Before each data collection
the flowmeter was calibrated to a specific value of 250
perfusion units (PU), with a colloidal suspension of latex
micro particles (Perimed Motility Standard). The PBF
was expressed in PU and monitored using data process-
ing software (Perisoft Version 2.50; Perimed, Stockholm,
Sweden). The mean PU values were determined using at
least 3 minutes of recording.

For probe stabilization custom-made plastic splints
(Bioplast, Schen-Dental, Iserlohn, Germany) were pre-
pared providing appropriately placed holes with a diam-
eter similar to that of the probe holder (pH 07-6 Perimed,
Sweden). Splint and the probe holder positioned the probe
on the labial, cervical third of the tooth crown, perpen-
dicular to the tooth surface. LDF measurements were per-
formed with a rubber dam placed. After having partici-
pant rest in a supine position in dental chair for 10 min,
blood flow data were collected for at least 3 min. The same
dentist performed all measurements in an environment
with constant temperature.

Carotid ultrasonography

Carotid arteries were examined bilaterally with a duplex
ultrasound imaging (ALOKA, ALPHA 10) using a 4-7MHz
linear array transducer. All recordings were performed
with the participants in supine position, by the same
trained sonographer. Scanning protocol of carotid arteries
consisted of imaging in the longitudinal (antero-lateral,
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lateral, postero-lateral views) and transverse planes. The
examination consisted of an initial exploratory scans of
the carotid system, followed by measurement of blood
volume flow (VF) rates. VF rates were measured using
preset carotid ultrasound software (ALOKA, ALPHA 10)
and a 4-7 MHz scan head, maintaining a 60° angle of in-
sonation. The sites of measurement were 1.0 to 1.5 cm
below the carotid bifurcation for the common carotid
artery (CCA) and 1.0 to 1.5 cm above the bifurcation for
the external carotid artery (ECA). The carotid blood flow
was expressed in ml/min.

Statistical analysis

Mean values of PBF, common carotid artery blood flow
(ACC-VF) and external carotid artery blood flow (ACE-
VF) were obtained for the two participant groups and data
were presented as mean + standard deviation (SD). Inde-
pendent sample ¢ test was used to compare PBE ACE-VF
and ACC-VF between young and middle aged participants
and Pearson’s correlation to correlate PBF and ipsilateral
ACC-VF as well as PBF and ipsilateral ACE-VE

RESULTS

PBE ACC-VF and ACE-VF for the two participant groups
are shown in Table 1 and Table 2 for right and left side,
respectively. PBF levels were significantly higher in young
compared to middle age participants. ACC-VF and ACE-
VF were higher in middle age than young participants but
there was no statistically significant difference between

Table 1. Pulpal blood flow (PBF) measured on the right upper cen-
tral incisor, right common carotid artery blood flow (ACC-VF) and
right external carotid artery blood flow (ACE-VF)

Tabela 1. Protok krvi kroz zubnu pulpu (PBF) meren na desnom
gornjem centralnom sekuticu, kroz desnu zajednicku karotidnu
arteriju (ACC-VF) i desnu spoljasnju karotidnu arteriju (ACE-VF)

Participants (years) PBE ACC.VF ACE-VE
Ispitanici (godine)

Young (20-25)

Miadi (20-25) 3.11+0.67 533.20+£105.39 | 224.40+69.88
Middle-aged (50-55) "

Srednje dobi (50-55) 1.93+0.47 562.90£62.25 | 234.80+34.60

*independent sample t-test; p<0.05
* t-test za nezavisne uzorke; p<0,05

Table 2. Pulpal blood flow (PBF) measured on the left upper central
incisor, left common carotid artery blood flow (ACC-VF) and left
external carotid artery blood flow (ACE-VF)

Tabela 2. Protok krvi kroz zubnu pulpu (PBF) meren na levom gor-
njem centralnom sekuti¢u, kroz levu zajednicku karotidnu arteriju
(ACC-VF) i levu spoljasnju karotidnu arteriju (ACE-VF)

Participants (years) PBE ACC.VF ACE-VE
Ispitanici (godine)

Young (20-25)

Mladi (20-25) 3.46+1.11 537.60+128.86 | 233.70+73.83
Middle-aged (50-55) .

Srednje dobi (50-55) 2.30+0.64 606.70+£70.00 | 251.40+45.06

* independent sample t-test; p<0.05
* t-test za nezavisne uzorke; p<0,05
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Table 3. Correlations between upper central incisors pulpal blood
flow (PBF) and ipsilateral common carotid artery blood flow (ACC-
VF) and external carotid artery blood flow (ACE-VF), for the two
groups of participants
Tabela 3. Korelacije izmedu protoka krvi kroz zubnu pulpu gorn-
jih centralnih sekutica i ipsilateralnog protoka krvi kroz zajednicku
karotidnu arteriju (ACC-VF) i protoka krvi kroz spoljasnju karotidnu
arteriju (ACE-VF) za dve grupe ispitanika
P ACC-VF
Right incisor PBF Young (20-25)
PBF na desnom sekuti¢u mladih 0.311 0.869
ispitanika (20-25)
Left incisor PBF Young (20-25)
PBF na levom sekuti¢u mladih ispitanika 0.774 0913
(20-25)
Right incisor PBF Middle-age (50-55)
PBF na desnom sekuticu ispitanika 0.774 0.184
srednje dobi (50-55)
Left incisor PBF Middle-age (50-55)
PBF na levom sekuticu ispitanika 0.355 0.109
srednje dobi (50-55)

ACE-VF

the two groups. No significant correlation was found be-
tween ACC and ACE blood flow and upper central incisors
PBF in young as well as middle age participants, for right
or left side (Table 3).

DISCUSSION

The present study concerns the relationship between PBF
and blood flow in common and external carotid artery
in the two age groups, young and middle age, of general
population. This objective was met by quantifying pulpal
blood flow by LDF and blood flow in carotid arteries by
high-resolution carotid ultrasonography. LDF method has
been extensively used in dental traumatology, maxillofa-
cial surgery and orthodontic force application, as a mea-
sure of pulp vitality and help in treatment decision [12,
13, 14]. This technique was considered to provide valid
comparative data, although measurements are sensitive
to physiological oscillations of blood pressure as well as
movements during measurement [15]. High-resolution
carotid ultrasonography is noninvasive, sensitive and re-
liable indicator of hemodynamic status of ipsilateral ca-
rotid, cerebral and maxillofacial circulation [16-19].

Many studies have reported association of oral diseases,
such as periodontitis with coronary and carotid diseases
[20-23]. Possible underlying mechanisms of such associa-
tion include the presence of periodontal bacterial patho-
gens, antigens, bacterial toxins and the consequent inflam-
matory mediators production [24-27]. However, we sought
to investigate the influence of carotid arteries hemody-
namics, as feeding arteries, on the pulpal blood supply.

Our results showed that in the middle age participants,
ACC and ACE blood flows were higher than in young
participants, but the difference was not statistically sig-
nificant. This could be attributed to the well functioning
vascular network between carotid arteries and its termi-
nal dental branches and anastomoses in this network. Our
finding is in accordance with studies indicating that in
healthy humans changes in ACC blood flow do not appear
to be strongly correlated with age [28, 29, 30].

On the other hand, the obtained results showed that
upper central incisors PBF was significantly higher in
younger than in older subjects, suggesting a clear age re-
lated decrease in PBE. Reduction of PBF levels with aging
was also shown by Ikawa et al. [31], who suggested that
observed PBF decrease was most probably underlined by
age related changes in pulpal vascularity.

Major finding of our study is that there was no correla-
tion between ACC and ACE blood flow and upper central
incisors PBF in young as well as middle age participants.
Concerning the fact that age related decrease in PBF ex-
isted, it could be proposed that reduced PBF in healthy,
middle age participants was not due to reduced blood
supply from ACC and ACE but it was result of age related
changes at the level of pulpal blood vessels. Namely, early
study of Bennett et al. [32] showed reduction in number
of arteries supplying apical foramen in humans aged 10-
20 vs. 20-40 vs. 40-70 years, while thickening of arterial in-
timae and calcification of adventitia were observed from
age 40 [7, 32]. Also, histological studies have confirmed
age related regressive changes in structure and number of
pulpal blood vessels [8,33]. Measuring dentin deposition,
Solheim found that coronal pulp cavity and pulp width
strongly correlated with age [6]. Espina et al. showed that
pulpal capillary endothelium experiences morphological
changes during aging, such as increased transendothelial
transport, cytoskeletal changes, hypertrophic Golgi com-
plex and cytoplasmic deposits [34].

CONCLUSION

Since there is no age related reduction in ACC and ACE
blood flow, observed reduction in upper central incisors
PBE in middle age (50-55) general population, is the most
likely the consequence of age related changes in dental
pulp microcirculation.
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Nivo protoka krvi kroz zubnu pulpu i njegova korelacija
s protokom krvi kroz karotidne arterije kod dve starosne
grupe opste populacije
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KRATAK SADRZA)

Uvod Vaskularna mreza zubne pulpe dobija dotok krvi preko zajednicke i spoljasnje karotidne arterije i zavrsnih zubnih grana koje
snabdevaju svaku pojedina¢nu pulpu. Mala fleksibilnost okruzenja zubne pulpe pojatava promene vezane za starenje koje uti¢u
na vaskularizaciju pulpe. Cilj ovog rada je bio da se uporedi i utvrdi medusobna povezanost pulpnog i protoka krvi u zajednickoj i
spoljasnjoj karotidnoj arteriji kod mladih i osoba srednje zivotne dobi opste populacije.

Materijal i metode rada Dve grupe od po 10 ispitanika su ucestvovale u studiji: mladi (20-25 godina) i ispitanici srednje Zivotne
dobi (50-55 godina). Merenja protoka krvi kroz zubnu pulpu (PBF) na intaktnim desnim i levim gornjim centralnim sekuti¢ima
izvedena su metodom laser Dopler floumetrije (LDF). Protok krvi kroz karotidne arterije je procenjivan ultrazvu¢nim pregledom.
Rezultati Nivoi PBF bili su znacajno visi kod mladih ispitanika (desni gornji centralni sekutici: 3,11+0,67; levi gornji centralni sekutici:
3,4611,11) u odnosu na ispitanike srednje dobi (desni gornji centralni sekutici: 1,93+0,47; levi gornji centralni sekutiéi: 2,30+0,64)
(Studentov t-test za nezavisne uzorke, p<0,05). Nije bilo korelacije izmedu protoka krvi kroz zajednicke i spoljasnje karotidne arterije
i PBF gornijih sekuti¢a kod mladih, niti kod ispitanika srednje dobi, za desnu i levu stranu.

Zakljucak Nepostojanje veze izmedu protoka krvi kroz karotidne arterije i PBF ukazuje na to da smanjenje PBF kod ispitanika sred-
nje zivotne dobi verovatno nije posledica smanjenog dotoka krvi iz karotidnih arterija, ve¢ rezultat promena u vezi sa starenjem

na nivou pulpnih krvnih sudova.

Klju¢ne reci: zubna pulpa; protok krvi; starenje; karotidna arterija; laser Dopler floumetrija

uvoD

Zubna pulpa je dobro vaskularizovano tkivo s relativno visokim
osnovnim protokom krvi u poredenju sa drugim oralnim tkivi-
ma [1]. Pulpna vaskularna mreZa se sastoji od arterija koje ulaze
u prostor komore pulpe kroz apikalne otvore i dodatnih krvnih
sudova koji ulaze u pulpu kroz bo¢ne kanale. Od apikalne do
koronarne regije pulpe ova mreza daje brojne grane i zavrsa-
va se kapilarnim pleksusom [2, 3]. Pulpa je zatvorena unutar
¢vrstih dentinskih zidova i bilo kakve promene u volumenu
krvnih sudova mogu dovesti do poremecaja u tkivnom pritisku,
$to zauzvrat moZe uticati na regenerativne sposobnosti i na-
drazljivost intradentalnih nerava [4, 5]. Takvo slabo fleksibilno
okruZzenje dodatno naglasava promene vezane za starenje koje
uti¢u na vaskularizaciju pulpe. Starenjem zuba pulpna komora
se smanjuje [6],a posledi¢no je ugroZena i vaskularna, limfna i
nervna mreza pulpe [7, 8].

Kao i kod svih tkiva, sposobnost zuba da opstane zavisi od
odrzivog dotoka krvi. Vaskularna mreza zubne pulpe se ishra-
njuje preko zajednicke i spoljasnje karotidne arterije i maksi-
larne arterije, koja daje zavr$ne zubne grane koje snabdevaju
svaku pojedina¢nu pulpu. Karotidne arterije, kao i tkiva koja
ishranjuju, podlezu regresivnim strukturnim i funkcionalnim
promenama u procesu fizioloskog starenja [9, 10, 11].

Do danas ne postoje podaci o odnosu izmedu protoka krvi
kroz zubnu pulpu (PBF) i protoka krvi kroz karotidne arterije
u opstoj populaciji, kao ni o efektu starenja na taj odnos. Stoga
je cilj ovog istrazivanja bio da se uporedi i utvrdi medusobna
povezanost pulpnog i protoka krvi u zajednickoj i spoljasnjoj
karotidnoj arteriji kod mladih i pojedinaca srednje Zivotne dobi
opste populacije.

MATERIJAL | METODE RADA
Ispitanici

Dve grupe ispitanika koji su bili le¢eni na Klinici za bolesti zuba
Stomatologkog fakulteta Univerziteta u Beogradu ucestvovale
su u studiji. Grupa mladih zdravih ispitanika sastojala se od
pet muskaraca i pet Zena starosti izmedu 20 i 25 godina. Gru-
pa zdravih ispitanika srednje Zivotne dobi sastojala se od pet
muskaraca i pet Zena starosti izmedu 50 i 55 godina. Postojanje
bilo koje sistemske bolesti ili kori$¢enje bilo kakvih lekova bili
su opéti kriterijumi za iskljucenje iz studije, dok su karijes, resta-
uracije, lo$a oralna higijena, gingivitis, parodontitis i osetljivost
gornjih centralnih sekutica bili lokalni kriterijumi za iskljuce-
nje. Snimanja laser Dopler floumetrijom (LDF) su uradena na
Klinici za bolesti zuba i endodonciju Stomatoloskog fakulteta
Univerziteta u Beogradu, dok su ultrazvu¢ni pregledi karotidnih
arterija uradeni na Klinici za vaskularnu hirurgiju Instituta za
kardiovaskularne bolesti,,Dedinje“ u Beogradu. Ispitanici su bili
upoznati s protokolom istrazivanja i dali su svoj pisani prista-
nak za ucestvovanje u studiji. Protokol je odobrio Eticki odbor
Stomatoloskog fakulteta Univerziteta u Beogradu, i on je bio u
skladu s Helsinskom deklaracijom iz 1975. godine.

Laser Dopler floumetrija

LDF snimanja su radena na zdravim, intaktnim gornjim cen-
tralnim sekuti¢ima. Reakcija zuba na nadraZaje procenjena je
konvencionalnim elektro i termo testovima. Radiogramima je
potvrdeno normalno stanje periapeksa zuba.



Merenja PBF izvedena su laser Dopler merac¢em protoka (Pe-
riFlux PF 5001, Perimed, Jarfala, Svedska). Svetlo talasne duzine
od 623.8 nm proizvodio je 1-mW laser. Kori$¢ena je okrugla
sonda (407-2, Perimed) s popre¢nim presekom od 1 mm i tri op-
ticka vlakna promera 125 pm (udaljenost vlakna od vlakna bila
je 250 um). Artefakt filter je bio aktiviran, a ucestalost merenja
je bila 32 Hz. Pre svakog prikupljanja podataka mera¢ protoka
je kalibrisan na odredenu vrednost od 250 perfuzionih jedinica
(PU), s koloidnom suspenzijom lateks mikrocestica (Perimed
Motility Standard). PBF je izraZavan u PU i pra¢en pomocu
softvera za obradu podataka (Perisoft verzija 2,50, Perimed,
Stokholm, Svedska). Proseéne vrednosti protoka odredivane
su kori$¢enjem najmanje tri minuta snimljenog zapisa.

Za stabilizaciju sonde izradivan je individualni splint od
tvrde plastike (Bioplast, Schen-Dental, Izerlon, Nemacka) sa
odgovarajuce postavljenim rupama promera slicnog promeru
drzaca sonde (pH 6/7, Perimed, Svedska). Splint i drza¢ son-
de pozicionirali su sondu na labijalnoj, vratnoj tre¢ini krunice,
upravno na povr$inu zuba. LDF merenja su izvedena uz kori-
$¢enje koferdama. Nakon odmora ispitanika od 10 minuta u
leze¢em poloZzaju, u stomatoloskoj stolici, protok krvi je meren
tokom najmanje tri minuta. Sva merenja izvedena su pri kon-
stantnoj ambijentalnoj temperaturi od strane istog stomatologa.

Ultrazvucni pregled karotidnih arterija

Karotidne arterije su ispitivane bilateralno ultrazvu¢nim apara-
tom (ALOKA, ALPHA 10) pomoc¢u linearne sonde od 4-7 MHz.
Sva snimanja su izvedena na ispitanicima u leze¢em polozaju
od strane istog iskusnog lekara. Protokol se sastojao od snima-
nja karotidnih arterija u uzduznoj (anterolateralnom, bo¢nom,
posterolateralnom pogledu) i popre¢noj ravni. Ispitivanje se
sastojalo od inicijalnog snimanja karotidnog sistema, nakon
¢ega je sledilo merenje protoka krvi (VF). Protok krvi je meren
pomocu softvera (ALOKA, ALPHA 10) i sonde od 4-7 MHz,
odrzavajuci ugao insonacije od 60°. Mesta merenja su bila od 1,0
do 1,5 cm ispod karotidne bifurkacije za zajedni¢ku karotidnu
arteriju (CCA) io0d 1,0 do 1,5 cm iznad bifurkacije za spolja$nju
karotidnu arteriju (ECA). Protok krvi kroz karotidne arterije je
izrazavan u ml/min.

Statisticka analiza

Racunate su srednje vrednosti PBE protoka krvi kroz zajedni¢-
ku karotidnu arteriju (ACC-VF) i protoka krvi kroz spoljasnju
karotidnu arteriju (ACE-VF) za dve grupe ispitanika, a podaci
su prikazani kao srednja vrednost + standardna devijacija (SD).
Studentov t-test za nezavisne uzorke kori$¢en je za poredenje
PBE ACC-VF i ACE-VF izmedu mladih i ispitanika srednje zi-
votne dobi, a Pirsonov (Pearson) test za korelaciju PBF i ipsila-
teralnog ACC-VE kao i PBF i ipsilateralnog ACE-VE.

REZULTATI

Rezultati PBE ACC-VF i ACE-VF kod dve grupe ispitanika pri-
kazani su u tabelama 112 za desnu i levu stranu. Nivoi PBF bili
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su znacajno vis$i kod mladih ispitanika u odnosu na ispitani-
ke srednje dobi. ACC-VF i ACE-VF su bili ve¢i kod ispitanika
srednje dobi nego kod mladih, ali nije bilo statisticki znacajne
razlike izmedu grupa. Nije utvrdena znacajna korelacija izmedu
ACCiACE protoka krvi i PBF gornjih centralnih sekutic¢a ni kod
mladih, ni kod ispitanika srednje dobi, kako za desnu, tako i za
levu stranu (Tabela 3).

DISKUSIJA

Cilj ove studije je bio da istrazi odnos izmedu PBF i protoka
krvi u zajednickoj i spoljasnjoj karotidnoj arteriji u dve starosne
grupe — kod mladih i ispitanika srednje dobi u op$toj populaciji.
Ovayj cilj je ispunjen odredivanjem protoka krvi kroz zubnu pul-
pu pomocu LDF metode i protoka krvi kroz karotidne arterije
pomocu ultrazvu¢nog pregleda. LDF metoda je opsezno kori-
$¢ena u dentalnoj traumatologiji, maksilofacijalnoj hirurgiji i
ortodonciji kao merilo vitaliteta pulpe i pomo¢ u terapiji [12, 13,
14]. Smatra se da ova tehnika daje valjane, uporedive podatke,
iako su merenja osetljiva na fizioloske oscilacije krvnog pritiska,
kao i na pokretanje ispitanika tokom merenja [15]. Ultrazvu¢ni
pregled karotidnih arterija je neinvazivan, vrlo osetljiv i pouz-
dan pokazatelj hemodinamskog statusa ipsilateralne karotidne,
mozZdane i cirkulacije u maksilofacijalnoj regiji [16-19].

Mnoge studije su proucavale povezanost oralnih bolesti, kao
$to je parodontitis, s koronarnom i karotidnom boles¢u [20-23].
Mogu¢i mehanizmi takve povezanosti su parodontalni bakte-
rijski patogeni, antigeni, bakterijski toksini i posledi¢na proiz-
vodnja medijatora zapaljenja [24-27]. Medutim, u ovom radu
namera je bila da se ispita uticaj hemodinamike karotida, kao
dovodnih arterija, na dotok krvi u zubnu pulpu.

Rezultati su pokazali da je kod ispitanika srednje Zivotne
dobi protok krvi kroz ACC i ACE bio veci nego kod mladih
ispitanika, ali razlika nije bila statisticki znacajna. To se moze
pripisati dobroj funkcionalnosti vaskularne mreze izmedu karo-
tidnih arterija i njihovih terminalnih zubnih grana i anastomo-
zama ove mreZe. Ovaj nalaz je u skladu s istrazivanjima koja su
pokazala da kod zdravih ljudi promene protoka krvi kroz ACC
nisu znacajno povezane sa starosnom dobi [28, 29, 30].

S druge strane, dobijeni rezultati su pokazali da je PBF cen-
tralnih gornjih sekutic¢a bio znacajno veci kod mladih nego kod
starijih ispitanika, $to jasno ukazuje na smanjenje PBF uslo-
vljeno starenjem. Smanjenje nivoa PBF sa starenjem takode su
pokazali Tkava (Ikawa) i saradnici [31] tumaceéi uo¢eno sma-
njenje PBF kao verovatno uslovljeno promenama u vaskulari-
zaciji pulpe usled starenja.

Glavni nalaz ove studije je da ne postoji korelacija izmedu
protoka krvi u ACC i ACE i PBF gornjih sekuti¢a kod mladih,
kao ni kod ispitanika srednje dobi. Imajuci u vidu postojanje
smanjenja PBF usled starenja, moglo bi se pretpostaviti da kod
zdravih ispitanika srednje dobi ono nije uzrokovano smanjenim
dotokom krvi iz ACC i ACE, ve¢ je rezultat promena na nivou
pulpnih krvnih sudova uzrokovanih starenjem. Naime, rana stu-
dija Beneta (Bennett) i saradnika [32] pokazala je smanjenje
broja arterija koje ulaze u pulpu kroz apikalni otvor kod ljudi
uzrasta 10-20 godina u odnosu na ispitanike starosti 20-40 i
40-70 godina, dok su zadebljanje intime arterija i kalcifikaci-
je adventicije uo¢eni kod starijih od 40 godina [7]. Autori su
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takode u histoloskim studijama pokazali regresivne promene
vezane za starenje u strukturi i broju krvnih sudova pulpe [8,
33]. Merenjem depozicije dentina, Zolhajm (Solheim) [6] je pro-
nasao korelaciju $irine pulpne komore i starosti. Espina (Espina)
i saradnici [34] su otkrili da sa starenjem kapilarni endotel pul-
pe dozivljava morfoloske promene, kao $to su povecan transen-
dotelni transport, promene citoskeleta, hipertrofija GoldZijevog
kompleksa i citoplazmatskih depozita.

ZAKLJUCAK

Budu¢i da nije bilo smanjenja protoka krvi u ACC i ACE ve-
zanog za starenje, uo¢eno smanjenje PBF gornjih centralnih
sekutica kod ispitanika srednje Zivotne dobi (50-55) opste po-
pulacije verovatno je posledica promena vezanih za starenje u
mikrocirkulaciji zubne pulpe.
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SUMMARY

Introduction Self- assessment of oral health is simple, non-invasive and cost-effective method of collecting data that
takes into account psychosocial aspects of oral health. The aim of this study was to investigate the effect of clinical
factors on the self-perception of oral health in middle-aged patients in Republika Srpska (Bosnia and Herzegovina).
Material and Methods The study included 126 subjects of both genders (34.1% male and 65.9% female) aged 24-54
years. Data were collected through questionnaires and clinical examination. Anonymous questionnaire contained
questions related to socio-demographic characteristics of respondents. Clinical examination included teeth condition
and the presence of prosthetic restorations. Self-perception of oral health was determined by one question.

Results Bivariate analysis indicated significant effect of carious (p<0.001), missing (p<0.001) and filled teeth (p=0.022)
but not the prosthetic status on self-perception of oral health. Correlation between the number of carious and missing
teeth with self-perception of oral health was significant in regression analysis.

Conclusion The number of carious and missing teeth had significant impact on self-assessment of oral health in studied
population. Knowledge of effects of oral clinical variables on self-perception of oral health is very important to obtain

clearer insight into the association between objectively and subjectively assessed oral health.
Keywords: evaluation of oral health; caries; socioeconomic factors

INTRODUCTION

Clinical indicators are most commonly used for the evalu-
ation of oral health in clinical and epidemiological re-
search [1]. This way of oral health assessment has many
advantages, however, disadvantages include no consider-
ation of psychosocial aspects and individual perception
of oral health [2]. Individual assessment of oral health can
provide useful information [3]. This method is easy to use
and economically more acceptable than clinical trials [4,
5, 6]. Self-perception of oral health is based usually on
one question only [6].

Many studies have found association between the self-
perception of oral health determined on one question and
number of clinical indicators of oral health [4, 7-10]. Per-
sons with larger number of carious and extracted teeth
usually assess their oral health as poor [ 5,7, 10], while
those with large number of restored teeth assess their oral
health as good [5, 7]. Poor oral health is associated with
high DMFT index, malocclusion, toothache and TM] pain,
prosthetic status and need for dental treatment [5,7,11,12].

One study done in Serbia showed that nearly half of
adult population (45.5%) assessed their teeth and mouth
condition as good or very good [13]. It has also been
shown that the assessment of oral health is related to to-
tal household income, education, gender and geographical
region [13].

The aim of this study was to investigate the effect of clin-
ical factors on the assessment of oral health in middle-aged
patients in Republika Srpska (Bosnia and Herzegovina).

MATERIAL AND METHODS

Cross-sectional study was conducted at the Department of
Restorative Dentistry and Endodontics, Faculty of Medi-
cine Foca, University of East Sarajevo, Republika Srpska
(B&H), from January to July 2013. The sample consisted of
126 respondents of both genders (34.1% male and 65.9%
female) aged 24-54 years (mean age + standard deviation:
32.36+5.93 years). The target population was selected ran-
domly from patients of the Department of Restorative
Dentistry and Endodontics, Faculty of Medicine, Foca.
After explanation about objectives and expected outcomes
of the research, all subjects signed informed consent to
participate in research.

Data were collected through questionnaires and clini-
cal examination. The anonymous questionnaire contained
questions related to socio-demographic characteristics:
age, gender, level of education (completed elementary
school, completed high school, completed college, uni-
versity and more), employment (employed full-time, em-
ployed part-time, unemployed), the total monthly income
of all household members (< than one average salary in
RS, 1-2 average salaries in RS, 2-3 average salaries in RS,
> 4 average salaries in RS (in the period when survey was
conducted)), smoking habits in the past year (yes, no) and
the time since last visit to the dentist (visit within last 6
months, 6-12 months, between 1-2 years and more than
2 years). The studied variables were dichotomized for the
purpose of statistical analysis. The level of education was
classified into two categories: elementary and/or high
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school and completed college and more; employment was
classified as: employed (full-time, part-time) and unem-
ployed; the total income of all household members: up to
two average salaries in RS (<than one average salary in
RS, 1-2 average salaries in RS) and income higher than
two average salaries (2-3 average salaries in RS, > 4 aver-
age salaries in RS). Dental visit in the last 12 months was
also dichotomized to: visit within 12 months (visit in the
last 6 and between 6-12 months) and visit more than 12
months ago (1-2 year, or more than 2 years).

Self-perception of oral health was based on one ques-
tion: “How would you assess the health of your teeth?”
Offered answers were: “excellent’, “very good”, “good’, “av-
erage’, “bad” and “poor”. Because regression analysis was
used, variables were dichotomized to the following: “excel-
lent’, “very good’, “good” and “average” were combined into
one category (good), and “bad” and “very poor” to another
category (poor).

Clinical examination included the evaluation of teeth
condition and presence of prosthetic restorations. It was
performed by trained dentists at the Department of Re-
storative Dentistry and Endodontics, Faculty of Medicine
in Foca with the use of artificial light, dental mirror and
probe according to standards and criteria of the World
Health Organization [14]. The prevalence of caries was
determined by DMFT index and its components (D - de-
cayed, M — missing, F - filled tooth). Intraexaminer repeat-
ability was measured through coefficient kappa and it was
0.85. The analysis included third molars, and all surfaces

of teeth. The evaluation of prosthetic status of upper and
lower jaw was based on the presence or absence of any
kind of dentures. The respondents were classified into two
groups: respondents who had at least one prosthetic resto-
ration (partial and/or complete denture and/or fixed work)
and those who did not have any prosthetic restoration.

Statistical analysis

Statistical analysis was done using SPSS, version 19.0
(IBM SPSS Statistics for Windows, Armonk, NY: IBM
Corp., USA) for Windows. Data were presented as mean
values and standard deviations (SD) for numerical and
frequency for attributive characteristics. Differences in the
self-assessment of oral health, depending on the examined
variables in bivariate analysis were calculated using t-test
for two independent samples and y*-test. Using logistical
regression the association of oral clinical variables and
self-assessment of oral health was analyzed. Oral health
assessed as good was chosen as reference category. Values
of p<0.05 were considered statistically significant in all
analyzes.

RESULTS

Socio-demographic characteristics of respondents and
their habits are shown in Table 1. Bivariate analysis

Table 1. Distribution of socio-economic and behavioral parameters depending on self-perception of oral health
Tabela 1. Raspodela socioekonomskih parametara i navika ponasanja u zavisnosti od samoprocene oralnog zdravlja

Oral health perception (%)
T Procena oralnog zdravlja (%)
Parametar Good Poor P
Dobro Lose
':i‘:éz’:?;))dme) 31.13+4.90* 33.59+6.62* 0.019
Male
Gender Muski s = 0.707
Pol Female ‘
Zenski 51.8 482
High school, elementary school 306 69.4
Level of education Srednja stru¢na sprema, osnovna $kola ’ ] 0.0001
; <0.
Stepen obrazovanja College, university degree 6.8 312
Visa $kola, visoka stru¢na sprema ’ ’
Employed 585 415
Employment Zaposlen . ‘ 0.075
Zaposlenje Unemployed .
Nezaposlen 410 >0
Less than two average salaries 40.7 593
Total household income Manje od dve prosecne plate ] i 0.385
Ukupan prihod domacinstva More than two average salaries 525 475 .
Vise od dve proseéne plate ) )
Yes 239 76.1
Smoking Da ' '
Pusenje No <000t
Ne 65.0 35.0
Less than 12 months
Last visit to dentist Manje od 12 meseci >0 160 0.123
Poslednja poseta stomatologu More than 12 months 46 65.4 ’
Vise od 12 meseci 34 >

* Values are presented as mean value + standard deviation.
*Vrednosti su prikazane kao srednja vrednost sa standardnom devijacijom.



Table 2. Distribution of oral clinical variables depending on the
self-perception of oral health

Tabela 2. Raspodela oralnih klini¢kih varijabli u zavisnosti od samo-
procene oralnog zdravlja

Oral health assessment

Variable Procena oralnog zdravlja

Varijabla Good Poor &
Dobro Lose

Number of carious teeth 098+1.661 | 3.19+3063 | 0.000

Broj zuba sa karijesom

Number of extracted teeth

Broj ekstrahovanih zuba 292+2.484

7.27+4.378 0.000

Number of filled teeth

Broj plombiranih zuba 11:37+4.356

9.67+3.852 0.022

Yes
Prosthetic restoration | Da
Proteti¢ka nadoknada | No

Ne

40.7% 59.3%

0.295

54.8% 45.2%

showed that age (p=0.019), educational level (p<0.0001)
and smoking (p<0.0001) are socio-demographic factors
and habits that are associated with oral health perception
(Table 1). Of the tested oral clinical variables, the num-
ber of carious, missing and filled teeth, but not prosthetic
status, were significantly different in respondents who as-
sessed their oral health as good and those who assessed
their oral health as poor (Table 2).

After logistic regression analysis, variables that were
found associated with oral health evaluation were num-
ber of carious (p<0.0001) and missing (p<0.0001) teeth.
People with lower number of carious and missing teeth
assessed their oral health as good (Table 3). The associa-
tion between dental caries and missing teeth with self-
perception of oral health remained significant even after
adjusting for gender, age, educational level and smoking
habit.

DISCUSSION

Our study shows association between the number of cari-
ous and missing teeth and oral health perception.

There is indirect association between sociodemo-
graphic factors such as environmental factors, psychoso-
cial factors, lifestyle and accessibility of dental care and
evaluation of oral health [15]. Sociodemographic factors
may also directly or indirectly affect individual’s percep-
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tion of oral health [15, 16]. Total household income have
major impact on the assessment of oral health [17] and
respondents with lower income more often evaluate their
oral health as poor [17, 18]. Also, age, lower socioeco-
nomic status and lower level of education are associated
with oral health assessment as poor [19]. Similar findings
were obtained in the current study. Of the tested socio-
demographic characteristics significant relationship was
observed between the assessment of oral health and age,
educational level and smoking. Smoking may have an im-
pact on the assessment of oral health [20] due to its effect
on development of caries [21].

The analysis of individual components of DMFT index
in the current study revealed significant difference in the
number of carious, missing and filled teeth between those
respondents who assessed their oral health as good and
those who assessed their oral health as poor. Number of
carious and missing teeth remained linked to the assess-
ment of oral health after regression analysis was applied.
People with lower number of carious and missing teeth
assessed their oral health as good. Significant association
between the number of untreated and missing teeth was
recorded after inclusion of socio-demographic factors in
the analysis, and specially those who have demonstrated
significant impact on self-assessment in bivariate analy-
sis. Our results are consistent with other studies which
showed that likelihood of oral health assessed as poor
increases with increased number of carious and missing
teeth [5, 7, 10]. Possible reasons for strong association
between the number of carious and missing teeth and
assessment of oral health are unsatisfying appearance of
mouth and teeth, reduced chewing efficiency, and need
for prosthetic treatment. Higher number of restored tooth
is associated with good oral health perception [5, 7], but
this association was not found in the current study after
inclusion of all factors in regression analysis.

Oral health perception has been associated with use
of health care services and objective clinical indicators
of oral health [22]. If people assess their oral health as
poor or there is a specific oral problem, their health be-
havior can change (visits to dentist, oral hygiene), as well
as oral status. Therefore, self-assessment of oral health
can provide important information that will lead not only
to improved promotion of oral health, but also improved
health care.

Table 3. Non-adjusted and adjusted regression analysis for self assessment of oral health
Tabela 3. Neprilagodena i prilagodena regresiona analiza za samoprocenu oralnog zdravlja

Non-adjusted regression analysis Adjusted regression analysis

Teeth Neprilagodena regresiona analiza Prilagodena regresiona analiza
Zubi prilag 8! g g

B SE (95% Cl) P B* SE* (95% Cl)* p*
Carious 0424 0.120 1208-1933 | <0.0001 0.454 0.140 1.198-2.071 0.001
Karijesni
Extracted 0394 0.087 1250-1.759 | <0.0001 0.460 0.118 1257-1997 | <0.0001
Ekstrahovani
Filled L -0.058 0.062 0.835-1.066 0.352 -0.057 0.073 0.818-1.091 0.438
Plombirani

* adjusted for gender, age, educational level and smoking habit
B - regression coefficient; SE - standard error; Cl - confidence interval

* prilagodeno za pol, starosnu dob, stepen obrazovanja i naviku pusenja
B — regresioni koeficijent; SE — standardna greska; Cl — interval poverenja
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CONCLUSION

Number of carious and missing teeth significantly af-
fected self-perception of oral health. Knowledge of the
effects of oral clinical variables on the self-perception of
oral health is of great importance to get clearer view about
association between objectively and subjectively assessed
oral health.
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Uticaj oralnih klinickih faktora na samoprocenu zdravlja
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Univerzitet u Isto¢nom Sarajevu, Medicinski fakultet, Katedra za bolesti zuba i endodonciju, Foca, Republika Srpska,

Bosna i Hercegovina

KRATAK SADRZA)

Uvod Procena sopstvenog oralnog zdravlja je jednostavan, neinvazivan i ekonomican nacin prikupljanja podataka koji uzima u obzir
i psihosocijalne aspekte zdravlja usta i zuba. Cilj ovog rada je bio da se utvrdi uticaj klini¢kih faktora na samoprocenu stanja oralnog
zdravlja osoba srednje Zivotne dobi medu stanovnicima Republike Srpske (Bosna i Hercegovina).

Materijal i metode rada Uzorak je ¢inilo 126 ispitanika oba pola (34,1% muskaraca i 65,9% zena) starosti 24—54 godine. Podaci
su prikupljeni na osnovu upitnika i klinickog pregleda. Anonimni upitnik je sadrzao pitanja u vezi sa sociodemografskim odlikama
ispitanika. Klini¢ki pregled je obuhvatio procenu stanja zuba i zastupljenost protetickih nadoknada. Samoprocena oralnog zdravlja
je odredena na osnovu jednog pitanja.

Rezultati Bivarijantna analiza je ukazala na statisticki znacajan uticaj broja karijesnih (p<0,001), ekstrahovanih (p<0,001) i saniranih
(p=0,022) zuba, ali ne i protetickog stanja na procenu oralnog zdravlja. Povezanost broja karijesnih i zuba koji nedostaju sa samo-
procenom oralnog zdravlja je ostala statisticki znacajna i u regresionoj analizi.

Zakljucak Broj karijesnih i zuba koji nedostaju znacajno utice na samoprocenu zdravlja usta i zuba u ispitivanoj populaciji. Poznava-
nje uticaja oralnih klini¢kih varijabli na samoprocenu oralnog zdravlja je od velikog znacaja, da bi se dobio jasniji uvid o povezanosti

objektivnog i subjektivno procenjenog oralnog zdravlja.

Kljucne reci: procena oralnog zdravlja; karijes; socioekonomski faktori

uvoD

Za procenu zdravlja usta i zuba pojedinaca u klinickim i epide-
mioloskim istrazivanjima najcesce se koriste objektivni klinicki
pokazatelji [1]. Ovakav nacin procene oralnog zdravlja, pored
niza prednosti, ima i svoje nedostatke, jer u obzir ne uzima psi-
hosocijalne aspekte oralnog zdravlja i individualnu percepciju
oralnog zdravlja [2]. U istrazivanjima o zdravlju usta i zuba
korisni podaci se mogu dobiti na osnovu individualne procene
oralnog zdravlja [3]. Ova metoda, pored toga $to je jednostav-
podataka o oralnom zdravlju populacije u odnosu na klinicka
ispitivanja [4, 5, 6]. U poslednje vreme samoprocena zdravlja
usta i zuba vréi se na osnovu jednog pitanja [6].

U brojnim istrazivanjima uocena je povezanost samoprocene
oralnog zdravlja, odredene na osnovu jednog pitanja, i brojnih
klini¢kih pokazatelja zdravlja usta i zuba [4, 7, 8, 9, 10]. Osobe
s ve¢im brojem karijesnih i ekstrahovanih zuba najéesce pro-
cenjuju svoje oralno zdravlje kao lose (5,7, 10], dok oni s veéim
brojem saniranih zuba smatraju da je njihovo oralno zdravlje
dobro [5, 7]. Oralno zdravlje procenjeno kao lose povezuje se i
s visokim vrednostima indeksa KEP, malokluzijom, zuboboljom
i bolom temporomandibularnog zgloba, protetickim statusom i
potrebama za stomatoloskim le¢enjem [5,7,11, 12].

U istrazivanju zdravlja stanovnika u regionu (Republi-
ka Srbija) navodi se da skoro polovina odraslog stanovni$tva
(45,5%) procenjuje stanje svojih zuba i usne duplje kao dobro
ili veoma dobro [13]. Takode, rezultati ukazuju da je procena
oralnog zdravlja povezana s ukupnim prihodima domacinstva,
stepenom obrazovanja, polom i podru¢jem u kojem ispitanici
sive [13].

Cilj ovog rada je bio da se utvrdi uticaj klini¢kih faktora na
procenu stanja oralnog zdravlja osoba srednje Zivotne dobi koji
zive na teritoriji Republike Srpske (Bosna i Hercegovina).

MATERIJAL | METODE RADA

Studija preseka izvedena je od januara do jula 2013. godine na
Odeljenju za bolesti zuba i endodonciju Medicinskog fakulteta
u Fodi, Univerziteta u Istoénom Sarajevu, u Republici Srpskoj
(RS). Uzorak je ¢inilo 126 ispitanika oba pola (34,1% muskaraca
165,9% Zena) starosti od 24 do 54 godine (prose¢na starost bila
je 32,36+5,93 godine). Ciljna populacija odabrana je metodom
slu¢ajnog izbora od osoba koje su se prvi put javile na Odeljenje
za bolesti zuba i endodonciju Medicinskog fakulteta u Fo¢i. Na-
kon upoznavanja s ciljevima i oc¢ekivanim ishodima studije, svi
ispitanici su potpisali pristanak za u¢esce u istrazivanju.

Podaci su prikupljeni na osnovu upitnika i klinickog pregle-
da. Anonimni upitnik je sadrzao pitanja u vezi sa sociodemo-
grafskim odlikama ispitanika: starost, pol, stepen obrazovanja
(zavr$ena osnovna $kola, srednja $kola ili vi$a §kola, zavrsen fa-
kultet i vise), zaposlenje (zaposlen s punim ili nepunim radnim
vremenom, nezaposlen), ukupan mese¢ni prihod svih ¢lanova
domacinstva (manje od jedne prose¢ne plate u RS, 1-2 prose¢ne
plate u RS, 2-3 prose¢ne plate u RS, vise od Cetiri prose¢ne plate
u RS - u periodu kada je radeno istraZivanje), navika pusenja
u poslednjih godinu dana (da, ne) i vreme proteklo od posled-
nje posete stomatologu (poseta u poslednjih $est meseci, 6-12
meseci, 1-2 godine i vi$e od dve godine). Ispitivane varijable
su radi statisticke analize dihotomizirane. Stepen obrazovanja
je klasifikovan u dve kategorije: zavrSena osnovna i/ili srednja
$kola i zavr$ena visa $kola, fakultet i vi$e; zaposlenje na: zapo-
slen i nezaposlen; ukupan prihod svih ¢lanova domacinstva:
do dve prosecne plate u RS i prihod veci od dve prosecne plate.
Poseta stomatologu u poslednjih 12 meseci je dihotomizirana
na posetu u okviru 12 meseci i posetu od koje je proslo vise od
12 meseci.

Procena oralnog zdravlja utvrdena je na osnovu pitanja:
»Kako biste ocenili zdravlje vasih zuba?“, a ponudeni odgovori
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su bili: ,0dli¢no®,,, Veoma dobro*, ,Dobro*, ,Prose¢no, ,Lose“ i
»Veoma lose“ Zbog regresione analize, varijabla je dihotomizi-
rana, tako da su odgovori ,,0dli¢no ,,Veoma dobro®, ,,Dobro*
i,Prose¢no” svrstani u jednu kategoriju (Dobro), a odgovori
»Lo$e“1,Veoma lose“ u drugu (Lose).

Klini¢ki pregled je obuhvatio procenu stanja zuba i zastuplje-
nost protetickih nadoknada, a obavio ga je obuceni stomatolog
na Odeljenju za bolesti zuba i endodonciju Medicinskog fakul-
teta u Foci uz primenu vestackog osvetljenja, stomatoloskog
ogledalceta i sonde prema standardima i kriterijumima Svetske
zdravstvene organizacije [14]. Rasprostranjenost karijesa odre-
dena je pomocu indeksa KEP i njegovih komponenti (K - ka-
rijesni zub, E - ekstrahovan zub, P - plombiran zub). Vrednost
unutar istraZivacke saglasnosti, merena koeficijentom kapa (x),
bila je 0,85. Analiza je obuhvatila i tre¢e molare, a prilikom pre-
gleda ispitivana je svaka povrsina zuba. Procena protetickog
stanja gornje i donje vilice izvrSena je na osnovu postojanja ili
izostanka bilo koje vrste proteticke nadoknade, pa su ispitanici
svrstani u dve grupe: ispitanici koji imaju bar jednu proteticku
nadoknadu (parcijalna proteza i/ili totalna proteza i/ili fiksna
nadoknada) i oni koji je nemaju.

Statisticka analiza

Statisticka analiza je uradena u statistickom programu SPSS,
verzija 19.0 (IBM SPSS Statistics for Windows, Armonk, NY: IBM
Corp, USA) za Windows. Podaci su prikazani u obliku srednjih
vrednosti i standardnih devijacija za numericka obelezja i uce-
stalosti za atributivna obelezja. Razlike u samoproceni oralnog
zdravlja u zavisnosti od ispitivanih varijabli su u bivarijantnoj
analizi odredene primenom Studentovog t-testa za dva nezavi-
sna uzorka i x*-testa. Primenom logisticke regresije ispitana je
povezanost oralnih klinickih varijabli i samoprocene zdravlja
usta i zuba. Oralno zdravlje procenjeno kao dobro je izabrano za
referentnu kategoriju. Vrednosti p<0,05 smatrane su statisticki
znacajnim u svim analizama.

REZULTATI

Sociodemografske odlike ispitanika i navike prikazane su u
tabeli 1. Bivarijantna analiza je pokazala da su starosna dob
(p=0,019), stepen obrazovanja (p<0,0001) i pusenje (p<0,0001)
sociodemografski faktori i navike koji su znacajno povezani s
procenom oralnog zdravlja (Tabela 1). Od ispitivanih oralnih
Kklinicki varijabli, broj karijesnih, ekstrahovanih i saniranih zu-
ba, ali ne i proteticki status, znacajno se razlikuje izmedu ispi-
tanika koji su svoje oralno zdravlje procenili kao dobro i onih
koji su oralno zdravlje procenili kao lose (Tabela 2).

Nakon logisticke regresione analize varijable koje su osta-
le povezane s procenom oralnog zdravlja su broj karijesnih
(p<0,0001) i ekstrahovanih zuba (p<0,0001). Osobe s manjim
brojem karijesnih i ekstrahovanih zuba svoje oralno zdravlje
procenile su kao dobro (Tabela 3). Povezanost broja karijesnih
i zuba koji nedostaju sa samoprocenom oralnog zdravlja ostala
je statisticki znacajna i posle prilagodavanja za pol, starosnu
dob, stepen obrazovanja i naviku pusenja.

DISKUSIJA

Ova studija pokazuje uticaj broja nesaniranih i zuba koji nedo-
staju na procenu oralnog zdravlja. Uticaj sociodemografskih
faktora na procenu zdravlja usta i zuba indirektno je povezan s
faktorima sredine, psihosocijalnim faktorima, na¢inom Zivota i
dostupnosti usluga stomatoloske zdravstvene zastite [15]. Osim
toga, sociodemografski faktori mogu direktno ili indirektno uti-
cati na odnos pojedinca ka oralnom zdravlju [15, 16]. Ukupni
prihodi domacinstva imaju veliki uticaj na procenu oralnog
zdravlja [17],a ispitanici s manjim ukupnim prihodima mnogo
¢e$ce svoje zdravlje ocenjuju kao loge [17, 18]. Takode, starost,
nizi socioekonomski status i nizi stepen obrazovanja povezuju
se s losijom procenom oralnog zdravlja [19]. Sli¢ni nalazi su
dobijeni i u ovom istraZivanju. Od ispitivanih sociodemograf-
skih obelezja ispitanika, znacajna povezanost je uocena izmedu
starosne dobi, stepena obrazovanja, pusenja i procene oralnog
zdravlja. Navika pusenja moze uticati na procenu zdravlja usta
i zuba [20], jer postoje nalazi kojima se pusenje dovodi u vezu
s nastankom karijesa [21].

Analizom pojedina¢nih komponenata indeksa KEP u ovom
istrazivanju uocena je statisticki znacajna razlika u broju kari-
jesnih, ekstrahovanih i saniranih zuba izmedu ispitanika koji
su svoje oralno zdravlje procenili kao dobro u odnosu na one
koji su oralno zdravlje procenili kao lose. Broj karijesnih i eks-
trahovanih zuba je ostao povezan s procenom oralnog zdravlja
inakon regresione analize. Osobe sa manjim brojem karijesnih
i ekstrahovanih zuba oralno zdravlje su procenile kao dobro.
Znacajna povezanost broja nesaniranih i zuba koji nedostaju
je zabelezena i posle uklju¢ivanja sociodemografskih faktora u
analizu, i to onih koji su pokazali statisticki znacajan uticaj na
samoprocenu u bivarijantnoj analizi. Ovi rezultati su u skladu
s nalazima drugih studija gde se verovatnoca da se oralno zdra-
vlje proceni kao loSe uvecava s pove¢anjem broja karijesnih i
ekstrahovanih zuba [5,7, 10]. Mogudi razlozi povezanosti broja
karijesnih i ekstrahovanih zuba i procene oralnog zdravlja mo-
gu biti nezadovoljstvo izgledom usta i zuba, smanjenje Zva¢ne
efikasnosti, kao i potreba za proteti¢kim le¢enjem. Veéi broj
saniranih zuba se dovodi u vezu s procenom oralnog zdravlja
[5,7], ali ta povezanost nije nadena u ovom istraZivanju posle
ukljudivanja svih faktora u regresionu analizu.

Procena oralnog zdravlja je povezana s kori$¢enjem usluga
zdravstvene zastite i stvarnim klini¢kim pokazateljima oralnog
zdravlja [22]. Ukoliko ljudi zdravlje svojih usta i zuba proce-
njuju kao lose ili ukoliko postoji odredeni oralni problem, kao
rezultat moze do¢i do promena u zdravstvenom ponasanju po-
jedinca (poseta stomatologu, odrzavanje oralne higijene), ali i
do promena u njihovom oralnom stanju. Stoga, samoprocena
oralnog zdravlja moZe pruziti vazne informacije koje ¢e dovesti
ne samo do pobolj$anja promocije oralnog zdravlja, ve¢ i una-
predenja zdravstvene zastite.

ZAKLJUCAK

Broj karijesnih i zuba koji nedostaju znac¢ajno utice na samopro-
cenu oralnog zdravlja u ispitivanoj populaciji. Poznavanje uti-
caja oralnih klinicki varijabli na samoprocenu oralnog zdravlja
od velikog je znacaja radi dobijanja jasnijeg uvida o povezanosti
objektivnog sa subjektivno procenjenim zdravljem usta i zuba.
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Da li ste pazljivo citali radove?

Proteticki status uti¢e na samoprocenu oralnog
zdravlja pacijenta?

a) Da

b) Ne

¢) Ponekad

U komparativnoj radioloskoj studiji marginalna
kost je procenjivana oko:

a) 17 implantata

b) 29 implantata

¢) 32 implantata

Marginalna mikropropustljivost je proveravana kod:

a) kalcijumaluminatnih sistema
b) kalcijumsilikatnih sistema
c) kalcijumfosfatnih sistema

Efikasnost instrumenta XP-endo Finisher je
proveravana:

a) SEM analizom

b) svetlosnim mikroskopom

¢) EDS analizom

Broj karijesnih zuba znacajno uti¢e na
samoprocenu oralnog zdravlja?

a) Da

b) Ne

¢) Ponekad

U proceni kosti oko zubnih implantata radena je
komparativna:

a) radiolo$ka studija

b) epidemioloska studija

c) hirurska studija

Marginalna mikropropustljivost novosintetisanih
nanostrukturnih biomaterijala je proveravana
testom:

a) prodora boje

b) prodora bakterija

c) prosvetljavanja

11.

12.

13.

14.

U proceni sopstvenog oralnog zdravlja uzorak je
¢inilo:

a) 65 ispitanika

b) 35 ispitanika

c) 126 ispitanika

Intraoralna radiografija i digitalna
ortopantomografija kori$¢ene su kod:
a) 29 pacijenata

b) 42 pacijenta

c) 17 pacijenata

Najmanji linearni prodor boje je izmeren kod:
a) MTA

b) materijala CS

c) materijala HA-CS

Za ispiranje kanala korena tokom instrumentacije
BioRaCe rotiraju¢im instrumentima kori$cen je:
a) EDTA

b) NaOCl

c) fiziologki rastvor

Digitalna ortopantomografija se moze koristiti za
marginalnu procenu kosti oko implantata?

a) Da

b) Ne

¢) Ponekad

SEM analiza kvaliteta ¢iS¢enja zidova kanala je
uradena na:

a) 20 ekstrahovanih zuba

b) 30 ekstrahovanih zuba

¢) 50 ekstrahovanih zuba

Kao kontrolni materijal u ispitivanjima marginalne
propustljivosti kori$cen je:

a) kalcijum-hidroksid

b) kalcijum-aluminat

¢) MTA
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15.

16.

17.

Saglasnost u merenjima izmedu razli¢itih
istrazivaca u proceni kosti oko implantata bila je:
a) umerena

b) dobra

¢) vrlo dobra

Postojanje razmaznog sloja na zidovima kanala
korena posle primene instrumenta XP-endo
Finisher bilo je:

a) statisticki zna¢ajno manje u odnosu na kontrolu
b) statisticki znacajno veée u odnosu na kontrolu
¢) identi¢no kontrolnoj grupi

Marginalna mikropropustljivost je proveravana
kod 34 ekstrahovana:

a) sekutica

b) premolara

¢) molara

. Instrumentacija zuba kod kojih je proveravan

kvalitet ¢i$¢enja kanala korena je uradena setom
instrumenata:

a) K3

b) PROFILE

¢) BioRaCe

. Procena sopstvenog oralnog zdravlja je:

a) jednostavan nacin prikupljanja podataka
b) neekonomic¢an nacin prikupljanja podataka
c) invazivan nacin prikupljanja podataka

. Mikropropustljivost materijala HA-CS je bila:

a) znacajno vec¢a u odnosu na materijal CS
b) jednaka kao i kod materijala CS
¢) zna¢ajno manja u odnosu na materijal CS

Odgovore slati na email adresu Uredni$tva casopisa ,,Stomatoloski glasnik Srbije“. Ta¢ni odgovori na pitanja ée
se vrednovati u skladu s Pravilnikom o kontinuiranoj medicinskoj edukaciji zdravstvenih radnika.



Dental links / Stomatoloski linkovi

MEDLINE
http://www.nlm.nih.gov/databases/databases_medline.html

OPERATIVE DENTISTRY
http://www.jopdent.org/journal/journal.php

JOURNAL OF CONTEMPORARY DENTAL PRACTICE
http://thejcdp.com/

JOURNAL OF THE AMERICAN DENTAL ASSOCIATION (JADA)
http://jada.ada.org/

BRITISH DENTAL JOURNAL
http://www.nature.com/bdj/index.html

JOURNAL OF DENTAL RESEARCH
http://www.iadr.com/

CANADIAN MEDICAL ASSOCIATION JOURNAL (CMA))
http://www.cmaj.ca/

JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION (JAMA)
http://jama.ama-assn.org/

JOURNAL OF THE CANADIAN DENTAL ASSOCIATION (JCDA)
http://www.cda-adc.ca/jcda/

JOURNAL OF PERIODONTOLOGY
http://www.joponline.org/loi/jop

JOURNAL OF ORTHODONTICS
http://jorthod.maneyjournals.org/

INTERNATIONAL JOURNAL OF PAEDIATRIC DENTISTRY
http://www.wiley.com/bw/journal.asp?ref=0960-7439

AUSTRALIAN DENTAL JOURNAL
http://www.ada.org.au/Publications/adj.aspx
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Uputstvo autorima za pripremu rada (2015)

Stomatoloski glasnik Srbije je asopis Srpskog lekarskog
drustva osnovan 1953. godine. Casopis objavljuje: origi-
nalne nau¢ne i stru¢ne radove, pregledne radove, prikaze
iz prakse, saopstenja, informativne i edukativne radove,
istoriografske radove, izvestaje s kongresa i stru¢nih sa-
stanaka, prikaze knjiga, komentare i pisma urednistvu,
struc¢ne vesti i 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 $tampu 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 §tampaju 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 re¢i. 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 reci. Kratak sadrzaj
originalnog rada treba strukturirati na sledece delove: Uvod
(u okviru kojeg se navodi cilj rada), Materijal i metode rada,
Rezultati i Zakljuc¢ak. Navode se najvazniji rezultati, nume-
ricke vrednosti, statisticke analize i nivo znacajnosti. Ispod
kratkog sadrzaja navesti od tri do Sest 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 re¢enice, bez stra-
nih re¢ii 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¢tnog broja kolona i redova koji ¢e ¢initi mrezu
tabele. Kori$¢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.



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$¢enje apstrakta kao referen-
ce, a apstrakte starije od dve godine ne citirati. Reference
¢lanaka koji su prihvaceni 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 nadi na inter-
net-stranici http://www.nlm.nih.gov/bsd/uniform_requi-
rements.html.

Serbian Dental Journal, vol. 62, N° 3, 2015

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 ¢asopisu, te izjavu da
su rukopis proditali 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 kriti¢koj
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
$alje postom ili donosi u Urednistvo, rukopis se dostavlja
ods$tampan 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 za godinu u kojoj pre-
daju rad za publikovanje.

Adresa:

Srpsko lekarsko drustvo

Urednistvo ¢asopisa ,,Stomatoloski glasnik Srbije®
ul. DZord7a Vasingtona 19

11000 Beograd

Srbija

Telefon: +381 (0)11 3245 149
E-mail: stomglas@bvcom.net
Internet-adresa: http://www.stomglas.org.rs
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Instructions for Authors (2015)

Serbian Dental Journal is the journal of the Serbian
Medical Society, founded in 1953. The journal publishes
original scientific and professional papers, review articles,
case reports, preliminary research reports, informative
and educational papers, historical papers, summaries of
papers presented on congresses and professional meet-
ings, book reviews, comments and letters to the Editor,
professional news and 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
paper. Keywords should be chosen according to the Medi-
cal 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 defined
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.

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
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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
be provided.

References are cited according to the Vancouver style
(Uniform Requirements for Manuscripts Submitted to
Biomedical Journals), rules and formats established by
the International Committee of Medical Journal Editors
(http://www.icmje.org), used by the U.S. National Library
of Medicine and scientific publications databases. Exam-
ples of citing publications (journal articles, books and
other monographs, electronic, unpublished and other
published material) could be found on the web site http://
www.nlm.nih.gov/bsd/uniform_requirements.html.
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Cover letter A cover letter should be signed by all authors
and with the following content: written consent that the
paper was not previously published and is not simulta-
neously submitted to publication in other journals, and
written consent that the paper was reviewed and approved
by all other co-authors.

Authorship Authorship is based only on: crucial contri-
bution to the article conception, obtaining of results or
analysis and interpretation of results; design of the manu-
script or its critical review of significant intellectual value;
final revision of the manuscript being prepared for publi-
cation. Funding, collection of data or general supervision
of the research group alone cannot justify authorship.

Submission Manuscript and all enclosures can be sent by
e-mail (stomglas@bvcom.net). If sent by registered mail
or delivered in person at the Editorial Office in Belgrade,
it should contain two printed copies and a CD with the
version identical to that on paper.

Address:

Serbian Medical Society

Editorial Board of the Serbian Dental Journal
Dzordza Vasingtona 19

11000 Belgrade

Serbia

Phone: +381 11 3245 149
E-mail: stomglas@bvcom.net
Web site: http://www.stomglas.org.rs
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