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»Postoji samo jedan nacin da se
glupacima i budalama pokaze
koliko su nerazumni,

ato je da se sa njima ne razgovara“
A. Sopenhauer

sy e

aktuelnom drustvenom trenutku gde ,,sve prsti od viska pameti ¢ini se da je jednostavno

ilako odabrati ideju za urednicki komentar. Medutim, u atmosferi gde je , rijaliti“ dominan-

tan drustveni i kulturni model i gde odsustvo stida i prostakluk unizava svaku normalnost,

to i nije bas tako. Naime, vrlo je tesko izaci iz okvira naSe pseudostvarnosti i pokrenuti se iz stanja

opste ,,demencije® i kolektivne depresije. U zagadenoj i kontaminiranoj medijskoj sceni istina se

»Kasapi“ makazama lazi, a neuki izvodaci ,prljavih poslova“ svoj kosmopolitski duh velikodu$no
$ire do granica sopstvenih vidika (¢itaj zidova dnevne ili spavace sobe).

Nasuprot ,,laboratoriji zabluda i lazi“ nasa stvarnost je posve drugacija. Dok ,,zlatno doba“ cveta
samo u glavama onih sa izvitoperenim nazorima, simfonija laZi se ori sa svih medija i ¢arobnom
maglom nadkriljuje poslusnike, podanike i mediokritete nude¢i ,svekoliki sunovrat i bezizlaz®

Sizofrena situacija nudi,,preucene i bezli¢ne® na svim nivoima, koji u providnoj igri ,podvalu*
i bahati piu ciljeve za buducnost, agonija i put u beznade su jedino izvesni.

Aktuelnim trenutkom dominiraju ,.intelektualno nedovr$ene osobe“ sa kupljenim diplomama
i plagiranim doktoratima, osobe sa moralnim erozijama i verbalnom agresijom, koje se bez imalo
stida ponose svojim neznanjem. Vrhunac ove hipokrize je $izofreni odnos prema svemu (najgori
oblik $izofrenije je kad se ne razlikuje stvarnost od onoga $to je u sopstvenoj glavi), gde je sve mo-
gude, pa ¢ak i da se bude najbolji nasuprot pokazateljima i argumentima koji ukazuju na suprotno.

U takvoj medijskoj stvarnosti, gde se ,,vatra gasi kerozinom®, moguce je i da se zemlja granii
sama sa sobom, da na plodnoj zemlji mnogi gladuju, da je u besplatnom zdravstvu lecenje skupo,
da se nesto rusi da bi se zidalo (a ne da bi tu ljudi Ziveli), da se metro gradi na livadi gde nema
ljudi, da nezaposleni najvise rade, da sudski postupci traju duze od Zivota, da se ratovi nikad ne
zavr$avaju, da... itd.

Beg iz ovakvog moralnog i svekolikog posrnuca je uslov svih uslova i sigurno nije lak ni jedno-
stavan. Univerzitet i akademska odgovornost ¢lanova ove institucije moraju biti moralno svetlo
i zradak koji ¢e pokrenuti ,,reanimaciju” potonulosti svega i borbom za istinu vratiti unizenu
stvarnost na kolosek izvesnije budu¢nosti.

Odgovornost i ¢estitost, uz postovanje elementarnih zakonskih, etickih i moralnih normi, mogla
bi biti iskorak iz ,laboratorije zabluda i lazi“ i po$tenjem i hrabro$¢u eliminisati ravnodu$nost i
moralnu eroziju aktuelnog trenutka. Odlu¢nost obrazovanih i ljudi od znanja mora biti najsve-
tija obaveza za budenje iz ,,besvesti i iskorak iz drustvene kaljuge i medijskog galimatijasa nase
realnosti.

Primitivizam, neukus, poltronstvo i bahatost su realnosti sunovrata, a znanje, stru¢nost, hra-
brost i sloboda misljenja i izrazavanja osnovni preduslovi ne samo slobodnog nego i uspe$nog
drustva. Nadarenost u¢enih ljudi da kriti¢ki misle i odgovorno stvaraju mora biti inicijalna, ali
i neiscrpna energija za promenu izvitoperene stvarnosti i najsvetlija putanja za spas sopstvenog
zivota iz kandzi bezizlaza.

Zavrsicu citatom velikog pisca Ernesta Hemingveja: ,Moramo se na ovo navi¢i: na najvaznijim
raskrsnicama zivota ne nailazimo na znakove® jer je to paradigma nase stvarnosti i trenutak kada
licna odluka i odgovornost mogu biti jedini putokaz i izlaz iz bespuca sopstvene inferiornosti.

Prof. dr Slavoljub Zivkovi¢
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'University of Banja Luka, Faculty of Medicine, Department of Orthodontics, Banja Luka, Republic of Srpska, Bosnia and
Herzegoving;

2University of Banja Luka, Faculty of Medicine, Department of Periodontology and Oral Medicine, Banja Luka, Republic
of Srpska, Bosnia and Herzegovina;

*University of Banja Luka, Faculty of Medicine, Department of Oral Surgery, Banja Luka, Republic of Srpska, Bosnia and
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SUMMARY

Introduction When planning orthodontic treatment, it is sometimes necessary to apply the extraction of individual
teeth, in order to achieve proper occlusion and an acceptable aesthetic appearance. Clinicians give the greatest advan-
tage to elastic chains as a method for post-extraction space closure during treatment with fixed orthodontic appliances.
When closing post-extraction spaces, it is necessary to measure them in order to adjust the treatment plan. One of the
most acceptable methods is photogrammetry.

The aim of this study was to analyze, using a photogrammetric method, the efficacy of post-extraction space closure
with elastic chains during orthodontic treatment with fixed orthodontic appliances.

Material and Methods The total sample in study consisted of 38 post-extraction spaces in 19 patients who were indi-
cated for first premolars extraction and use of fixed orthodontic appliances in order to achieve treatment goal. Elastic
chains were used to close post-extraction spaces. Post-extraction sites were monitored for 6 months with follow-up
examinations every 4 weeks. Mechanisms were activated at controlled examinations, and measurements of the width
of post-extraction spaces were performed by photogrammetry and digital caliper.

Results The results showed that average reduction of post-extraction space width was 1.00 mm per month by photo-
grammetric measurement, while the average values of measurements with a digital caliper were 1.02 mm. The average
values were measured in six time intervals and a statistically significant change in average intervals of post-extraction
spaces during 6 months was determined.

Conclusion The elastic chain has proven to be a very effective mechanism for closing post-extraction space, and
photogrammetry as a simple and precise method for monitoring results of treatment. Since the difference in relation
to measurements with a digital caliper is minimal, photogrammetry can be routinely applied in everyday practice.

Keywords: photogrammetry; elastic chain; post-extraction space

INTRODUCTION

When planning orthodontic treatment, it is sometimes
necessary to apply extraction of individual teeth, in order
to achieve proper occlusion and an acceptable aesthetic ap-
pearance. The first premolar is usually the tooth of choice
in extraction treatment with fixed orthodontic appliances.
Closing the post-extraction space is performed by differ-
ent methods, and two basic ones are sliding mechanism
and methods without friction using loops [1]. The use
of a sliding mechanism for post-extraction space closure
is very common in clinical practice due to its simplicity.
Studies show that clinicians give the greatest advantage to
elastic chains as a method for this type of treatment [2, 3].

Although they were introduced in practice in the 1960s,
elastic chains remained a traditional method for tooth
retraction and space closure in general. Even today, they
are one of the most commonly used techniques for closing

space, due to easy application, patient and therapist com-
fort [4, 5]. They are primarily composed of polyesters or
polyethers formed by the polymerization of rubbers with
multiple molecular structures linked by a series of ure-
thane bonds [6]. The advantage of elastic chains is that
they are not expensive, easy to use and can be applied
to various clinical cases. However, they must be changed
every 4 to 6 weeks due to plaque retention, difficult hy-
giene and expected decrease in strength [7]. Therefore, it is
necessary to monitor the closure of post-extraction space
at control examinations in order to summarize achieved
results and correctly direct treatment plan.

By introducing dental photography as an integral part
of dental treatment documentation, it is possible to show
condition at the beginning and the end, the process and
its phases. This way, photographs can be used for various
purposes, such as communication with patient, case pre-
sentation, diagnosis and treatment plan [8]. Along with

Address for correspondence: Mirjana UMICEVIC DAVIDOVIC, Bulevar Petra Bojovi¢a bb, 78 000 Banja Luka, Republika

Srpska, BiH; umicevic m@gmail.com



60

Umicevic¢ D. M. et al. Photogrammetric analysis of postextraction space closure

development of digital photography, there was an inno-
vation in the field of dentistry called photogrammetry.
This method is using geometric properties of objects that
can be determined from photographs and this proved its
usefulness in orthodontics for studying three-dimensional
occlusion of dental arches, teeth and their dimensions.
Chadwick defines photogrammetry as the art, science, and
technology of obtaining reliable information about physi-
cal objects through the processes of capturing, measuring,
and interpreting photographic images [9].

Due to its simplicity, economy and without the danger
of radiation, photogrammetry on standardized extra oral
and intraoral photographs is used in everyday orthodontic
practice [10,11,12].

The aim of this study was to analyze using a photo-
grammetric method the efficacy of post-extraction space
closure with elastic chains during orthodontic treatment
with fixed orthodontic appliances.

MATERIAL AND METHODS

The research was conducted at the Faculty of Medicine
- study program of Dentistry in Banja Luka, with the
consent of the Ethics Committee of the Department of
Dentistry. The total sample consisted of 38 post-extraction
spaces in 19 patients who were indicated for the extraction
of the first premolars in order to conduct orthodontic
treatment. The age of patients at the beginning of treat-
ment was 12-20 years, who did not have contraindica-
tions for orthodontic treatment and who had no other
extractions (except for the first premolars). Subjects who
had poor oral hygiene, who came for check-ups irregularly
and did not follow the instructions given at the beginning
of treatment, were excluded from the study.

After extraction of first premolars, fixed orthodontic ap-
pliance was applied to the subjects (Dentaurum, Discovery,

Figure 1. Method for placement of the elastic chain
Slika 1. Metoda postavljanja elasticnog lanca

Roth prescription, slot 0.022 in), and then, initial leveling
with round and rectangular NiTi arches was performed,
before the placement of steel rectangular arches. A rectan-
gular steel arch wire of 0.019x0.025 in was left in brackets
slots for at least 4 weeks, to become passive, and then elastic
chains were applied. The elastic chain was placed to connect
the hook on the tube of the first molar and the hook of the
bracket on the canine, whereby it is stretched to approxi-
mately twice the initial length, and on control examinations
it was replaced with a new one (Figure 1).
Post-extraction spaces were monitored for 6 months
from the beginning of the application of elastic chains at
intervals of one month (T -T,). Control examinations were
performed every 4 weeks and it was checked whether there
was damage to applied mechanisms and their activation.
For the photogrammetric method, a Canon camera
(EOS 750D Body) with macro lens (EF 100 mm / 2.8 IS
USM) and a ring-shaped flash (macro Ring Lite MR-14
EXII), a flat occlusal mirror and a retractor for occlusal
photography with millimeter scale were used. During reg-
ular check-ups (T -T,), standardized occlusal photographs
of the upper and lower dental arch were obtained. When
photographing, the mirror rested on the opposite dental
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Figure 2. Photogrametry measurement of postextraction space

Slika 2. Merenje postekstrakcionog prostora fotogrametrijom



arch, while the retractor was placed parallel to the dental
arch being photographed.

The millimeter scale on the retractor enabled the
measurement results to be recognized by software with
the computer program Digimizer for photo analysis and
processing. Using this program, linear measurements in
pixels were obtained. Then, the number of pixels in one
centimeter that was on the retractor with a millimeter
scale was read. This way, one centimeter of a segment of
a photograph, measured in pixels, was used as a parame-
ter to convert the number of pixels in a real photograph
into centimeters. All measurements in pixels were con-
verted to millimeters through a computer program. The
shortest distance from the distal surface of the canine to
the mesial surface of the second premolar was measured.
Measurements were performed 3 times alternately, and
the reference value represented the mean value of these
3 measurements (Figure 2).

In order to establish the accuracy of this method, mea-
surements were also performed using a digital caliper with
an accuracy of 0.01 mm. The direct distance from the
distal surface of the canine to the mesial surface of the
second premolar was measured by direct method. These
measurements were performed for each post-extraction
space 3 times alternately. The reference value was the mean
of these 3 measurements.

RESULTS

For measuring the efficiency of the elastic chain, the
photogrammetry method was used. The Tukey test was
used to test whether there was a difference between all
time intervals measuring the space between teeth by this
method. This test showed that a statistically significant
difference exists between all time intervals. The average
distance between the teeth decreased over time, and the
average distance of post-extraction space at the beginning
of the measurement (T ) was 4.03 + 1.44 mm, while at the
final measurement (T,) it was 0.44 + 0.57 mm (Table 1).

Using one-factor analysis of Repeated Measure ANOVA,
it was examined whether there was a statistically signif-
icant change in the average values of post-extraction
spaces when using the elastic chain method measured by
photogrammetry. Mean values were measured at six time
intervals and a statistically significant change in the aver-
age intervals of post-extraction spaces over 6 months was
found (Wilks' lambda = 0.019, F = 103.98, p = 0.000). The
influence of the elastic chain as a mechanism of post-ex-
traction spaces closure was also examined. The value of
the Wilks lambda of 0.01-small influence, 0.06-moderate
influence and 0.14-big influence, and the obtained > of
0.98, indicates a very large influence of the elastic chain
as a mechanism of post-extraction space closure (Table
2). The graph shows the reduction of the average values of
post-extraction spaces measured by the method of photo-
grammetry, under the action of an elastic chain (Figure 3).
Control measurements were performed by a direct method
using digital caliper. The average distance of the post-ex-
traction space at the beginning of the measurement (T )

Stomatoloski glasnik Srbije. 2021;68(2):59-67

Table 1. Average values of maximum distance (mm) between teeth
measured by photogrammetry

Tabela 1. Prose¢ne vrednosti maksimalnog rastojanja (mm) medu
zubima merenog fotogrametrijom

Percentage of
N | Min |Max| M | sp |  reduction
Procenat
smanjenja
T, photogrammetry
T, fotogrametrija | 38 | 1.85 | 6.67 | 403 | 1.44
T, photogrammetry 27.04
T, fotogrametrija | 38 | 0.88 | 5.75 | 2.94 | 1.47 ’
T, photogrammetry 52,60
T, fotogrametrija | 38 | 0 | 493|191 | 147 ’
T, photogrammetﬂry 6947
T, fotogrametrija | 35 | 0 |3.83 | 1.23 | 1.32
T, photogrammetry 78.41
T, fotogrametrija | 24 | 0 | 2.49 | 0.87 | 0.87 :
T, photogrammet_ll'y -89.08
T, fotogrametrija | 15 | 0 | 1.46 | 0.44 | 0.57

N — number of subjects; Min — minimum value on the sample; Max — maximum
value on the sample; M — arithmetic mean; SD - standard deviation;

N — broj ispitanika; Min. — minimalna vrednost na uzorku; Max. — maksimalna
vrednost na uzorku; M — aritmeticka sredina; SD — standardna devijacija

Table 2. Differences in values of maximum distance (mm) between
teeth measured by a photogrammetry in six time intervals
Tabela 2. Razlike u vrednostima maksimalnog rastojanja (mm)
medu zubima merenog fotogrametrijom u Sest vremenskih intervala
Wilks’ Lambda F P n’
0.019 103.98 0.000 0.981

F - ANOVA of repeated measurements; p - statistical significance; * - squared Eta;
F — ANOVA ponovljenih merenja; p - statisti¢ka znacajnost; n° - kvadrirana Eta

m T2 AE] T4 5 T6

Slika 3. Graphic representation of average values for maximum dis-
tance (mm) between teeth measured by photogrammetry

Slika 3. Graficki prikaz prosecnih vrednosti maksimalnog rastojanja
(mm) medu zubima merenog fotogrametrijom

was 4.14 + 1.47 mm, and at the end (T,) 0.46 + 0.59 mm
(Table 3).

A statistically significant difference was found in the av-
erage intervals of post-extraction spaces during 6 months
(Wilks'lambda = 0.006, F = 322.06, p = 0.000). The influ-
ence of the elastic chain, as a mechanism of space closure
between the teeth, was also examined. In this case, the
obtained n” is 0.99, which indicates a very large influ-
ence of the elastic chain as a mechanism of reducing space
between the teeth (Table 4). Figure 4 graphically shows
the average values of post-extraction space width, that is,
the maximum distance between the teeth when using an
elastic chain measured with a digital caliper.

61
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Table 3. Average values of maximum distance (mm) between teeth
measured by a digital caliper

Tabela 3. Prose¢ne vrednosti maksimalnog rastojanja (mm) medu
zubima merenog digitalnim kaliperom

Percentage of
N | Min |Max| M | SD reduction
Procenat
smanjenja
T, digital caliper /
T, digitalni kaliper | 38 | 1.84 | 6.83 | 4.14 | 1.47
T.2 Fllgltzjll ca!lper 2584
T, digitalni kaliper | 38 | 1.01 | 5.77 | 3.07 | 1.47
T, digital caliper 5241
T, digitalni kaliper | 38 | 0 | 4.99 | 197 | 1.49 ’
T il clper 956
T, digitalni kaliper | 35 | 0 |3.87 | 126 | 1.34
T, digital caliper 77.53
T, digitalni kaliper | 24 | 0 | 2.66 | 0.93 | 0.91
T.G @glt;l ca.llper .88.88
T, digitalni kaliper | 15 | 0 | 1.58 | 0.46 | 0.59

N — number of subjects; Min — minimum value on the sample; Max — maximum
value on the sample; M — arithmetic mean; SD standard deviation;

N - broj ispitanika; Min. — minimalna vrednost na uzorku; Max. — maksimalna
vrednost na uzorku; M — aritmeticka sredina; SD — standardna devijacija

Table 4. Differences in values of maximum distance (mm) between
teeth measured with a digital caliper in six time intervals

Tabela 4. Razlike u vrednostima maksimalnog rastojanja (mm)
medu zubima merenog digitalnim kaliperom u $est vremenskih
intervala

Wilks’ Lambda F
0.006 322.06

P n’
0.000 0.994

F — ANOVA of repeated measurements; p - statistical significance; n* - squared Eta;
F — ANOVA ponovljenih merenja; p - statisti¢ka znacajnost; n* - kvadrirana Eta

1 T2 1) T4 5 T6

Figure 4. Graphic representation of average values of maximum
distance (mm) between teeth measured with a digital caliper
Slika 4. Graficki prikaz prose¢nih vrednosti maksimalnog rastojanja
(mm) medu zubima merenog digitalnim kaliperom

DISCUSSION

It has been shown that among clinicians, sliding mechan-
ics is the most commonly used method for the post-ex-
traction space closure [13]. The possibility of quick and
easy reactivation with minimal bending of the wire and
saving time are the advantages that make sliding mecha-
nism the method of choice during treatment of extraction
spaces closure [14]. The results of research conducted in
Brazil by Monnini et al. confirmed that most specialists
(63.81%) prefer a technique based on sliding mechanics,
while elastic chains are among the most used methods [2].

In a similar study in Great Britain, they came to the conclu-
sion that loops are practically not used for space closure,
and the sliding technique was used in 98% of cases [3].

Chitra and Prakash analyzed the use of photogram-
metry in orthodontic diagnosis and treatment planning.
They found that occlusal photogrammetric analysis could
be used as an adjunct to the analysis of study models and
to assess treatment progress. In cases where appliances for
expansion were used, photogrammetric measurement of
intercanine distance, anterior and posterior widths could
be used periodically for quantitative monitoring to deter-
mine the change during treatment [12]. They can also be
used to measure the mesiodistal dimension of the tooth
and to calculate the Bolton mismatch, as well as to plan
the correction of deviations from the midline [13].

The results of this study showed that post-extraction
spaces were closed by an average of 1.00 mm per month
when measurements were performed by photogrammetry.
Control measurements with a digital caliper gave average
values of 1.02 mm per month. Both methods confirmed
the high efficiency of elastic chains in post-extraction
space closure.

Numerous authors have analyzed post-extraction space
closure in different ways [14, 15]. Direct measurement with
a digital caliper has proven to be the simplest method for
both the patient and the therapist. The biggest advantage
is that the measurement results are obtained immediately,
which can be of great importance for assessing the success
so far and treatment planning. This method was used by
Dixon et al., who used elastic chains in 10 patients and
found that the space was closed by 0.58 mm per month [4].
A similar study was conducted by Chaudhari and Tarvade
observing the closure of postextraction spaces in 20 pa-
tients. During 4 months, measurements were performed
using a digital caliper from the tip of the canine to the tip
of the mesiobuccal cusp on the first permanent molar,
and they found that this value decreased by 0.62 mm per
month [16]. Direct measurement was used by both Kanuru
et al. when examining the amount of space closure by
moving the canines using 4 different elastic chains over
6 weeks. They measured the distance from the hook of
the bracket on the canine to the hook of the tube on the
first molar. After 3 weeks, the measured values for space
closure ranged from 0.75 mm to 1.12 mm, while after
6 weeks these values ranged from 1.47 mm to 2.07 mm
[17]. However, the biggest disadvantage of this method is
the correct positioning of the caliper arms, because the
measurement is performed in a limited space in a humid
environment, so it can happen that wrong results occur.

Indirect measurements involve taking impressions at
check-ups, which allows the orthodontist greater comfort
for analysis and measurement. This method was used by
Talwar and Bath who also examined the efficiency of elas-
tic chains. Impressions were taken at the beginning and at
the end of the observed 12-week period. Measurements
were performed on study models from the tip of the canine
to the tip of the mesiobuccal cusp on the first permanent
molar. The average values were 1.62 + 0.14 mm per month
[18]. Fang et al. conducted a similar study, but the mea-
surement points were located at the tip of the canine and



in the middle of the central fissure of the second premolar,
while the space was closed by 0.52 mm per month [19].

Sabrina et al. investigated the closure of post-extraction
spaces in self-ligating and conventional locks using an
elastic chain in 11 patients over 8 weeks. At the control
examinations, the arches were removed, and the prints
were taken through brackets that were protected with wax.
Measurements were performed indirectly on the obtained
study models, from the distal surface of the canine to the
mesial surface of the second premolar using a digital cali-
per. The average value for conventional brackets was 0.75
mm, and for self-ligating 0.48 mm per month [20].

A similar split-mouth study was conducted by Mezomo
et al. comparing conventional and self-ligating brackets,
and as a sliding mechanism an elastic chain. Impressions
were taken at the monthly controls, and measurements
were performed by the indirect method with digital cal-
iper. The results showed that the space closure with con-
ventional brackets takes place at a rate of 0.84 mm per
month; while for self-ligating locks this value was 0.90
mm per month [21]. The biggest disadvantage of indirect
measurement is that the time of the control inspection is
extended, and the inadvertent detachment of the brackets
can contribute to that even more, which requires addition-
al time planning.

Bokas and Woods observed the closure of 12 post-ex-
traction spaces by sliding mechanics using elastic chains.
Control examinations were performed at 28-day intervals
and impressions were taken for study models which were
then scanned. Measurements were performed on digital
photographs obtained by occlusal scanning using the ap-
propriate software. The results showed that elastic chains
closed spaces by 1.68 mm per month [22]. Scanning mod-
els and analyzing their 3D replicas gives the orthodontist
the ability to measure in three dimensions, and software
manipulation allows monitoring and prediction of treat-
ment results. However, properly analyzing and measuring
scanned models requires practice and a good knowledge
of the capabilities provided by the software.

Like previous methods, photogrammetry has its ad-
vantages and disadvantages. The advantage is first of all
that you avoid taking impressions. The record obtained by
this method is in color and faithfully depicts the area of
measurement, but also the structures around it. Another
advantage of digital photos is that the image can be re-
peated immediately if it is not satisfactory, and the mea-
surements can be done later without hastle. In addition to
a certain inconvenience when taking photos, the biggest
drawback of this method is the lack of a third dimension.
Therefore, it is necessary that the picture taking conditions
be standardized.

CONCLUSION

The elastic chain has proven to be a very effective
mechanism for closing the post-extraction space, and
photogrammetry is a simple and precise method for
monitoring treatment results. Since the difference in re-
lation to measurements with a digital caliper is minimal,
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photogrammetry can be routinely applied in everyday
practice.
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KRATAK SADRZA)

Uvod Prilikom planiranja ortodontske terapije ponekad je potrebno primeniti ekstrakciju pojedinih zuba kako bi se postigla pravilna
okluzija i prihvatljiv estetski izgled. Klinicari najve¢u prednost daju elasti¢nim lancima kao metodi za zatvaranje postekstrakcionih
prostora u toku terapije fiksnim ortodontskim aparatima. Kod zatvaranja postekstrakcionih prostora neophodno je njihovo merenje
Cilj ovog rada je bio da se fotogrametrijskom metodom analizira efikasnost zatvaranja postekstrakcionog prostora sa elasticnim
lancima u okviru terapije fiksnim ortodontskim aparatima.

Materijal i metode Ukupan uzorak u istrazivanju Cinilo je 38 postekstrakcionih prostora kod 19 pacijenta kojima je indikovana
ekstrakcija prvih premolara i primena fiksnog ortodontskog aparata u cilju provodenja terapije. Za zatvaranje postekstrakcionih
prostora primenjeni su elasti¢ni lanci. Postekstrakcioni prostori su praceni tokom Sest meseci sa kontrolnim pregledima svake Cetiri
sedmice. Na kontrolnim pregledima su aktivirani mehanizmi, a merenja sirine postektrakcionih prostora su obavljana fotogrametri-
jom i digitalnim nonijusom.

Rezultati Rezultati istrazivanja pokazuju da je prosecno smanjenje Sirine postekstrakcionog prostora iznosilo 1,00 mm mese¢no
merenjem fotogrametrijskom metodom, dok je prose¢na vrednosti kontrolnih merenja digitalnim kaliperom iznosila 1,02 mm.
Prose¢ne vrednosti merene su u $est vremenskih intervala i utvrdena je statisti¢ki znacajna promena u prose¢nim razmacima
postekstrakcionih prostora tokom Sest meseci.

Zakljuéak Elasti¢ni lanac se pokazao kao veoma efikasan mehanizam za zatvaranje postekstrakcionog prostora, a fotogrametrija
kao jednostavna i precizna metoda za pracenje rezultata terapije. S obzirom da je razlika u odnosu na merenja digitalnim kaliperom

minimalna, fotogrametrija se moze rutinski primenjivati u svakodnevnoj praksi.
Kljuéne reéi: fotogrametrija; elasti¢ni lanac; postekstrakcioni prostor

uvoD

Prilikom planiranja ortodontske terapije, ponekad je potreb-
no primeniti ekstrakciju pojedinih zuba kako bi se postigla
pravilna okluzija i prihvatljiv estetski izgled. Zub izbora u ek-
strakcionoj terapiji fiksnim ortodontskim aparatima najcesce
je prvi premolar. Zatvaranje postekstrakcionog prostora se
provodi razli¢itim metodama, a dve osnovne su klizni meha-
nizmi i metode bez trenja pomo¢u om¢i [1]. Primena kliznog
mehanizma za zatvaranje postekstrakcionog prostora je veoma
Cesta u klinickoj praksi zbog svoje jednostavnosti. Istrazivanja
pokazuju da klini¢ari najve¢u prednost daju elasticnim lancima
kao metodi za ovu vrstu terapije [2, 3].

Tako su u praksu uvedeni Sezdesetih godina proslog veka,
elasti¢ni lanci su ostali tradicionalna metoda za retrakciju zuba
i uopste za zatvaranje prostora. I danas su jedna od najcesce
primenjivanih tehnika za zatvaranje prostora zahvaljujuci lakoj
aplikaciji, komfornosti pacijenta i terapeuta [4, 5]. Prvenstveno
su sastavljeni od poliestera ili polietera nastalih polimerizaci-
jom guma s videstrukim molekularnim strukturama poveza-
nim nizom uretanskih veza [6]. Prednost elasti¢nih lanaca je ta
$to nisu skupi, lako se koriste i mogu se primeniti na razlicite
klinicke slucajeve. Medutim, moraju se menjati svakih 4 do 6
sedmica zbog zadrzavanja plaka, otezanog odrzavanja higijene
i o¢ekivanog opadanja sile [7]. Zbog toga je neophodno na kon-
trolnim pregledima pratiti zatvaranje postekstrakcionog pro-
stora kako bi se sumirali postignuti rezultati i pravilno usmerio
plan terapije.

Uvodenjem dentalne fotografije kao sastavnog dela doku-
mentacije stomatolo$ke terapije, stvorena je moguc¢nost da se
prikaze stanje na pocetku i na kraju, proces i njene faze. Na

ovaj nacin fotografije se mogu koristiti u razne svrhe, kao sto je
komunikacija sa pacijentom, prezentacija slucaja, dijagnostika
i plan terapije [8]. Uz razvoj digitalne fotografije, pojavila se i
inovacija u oblasti stomatologije koja se naziva fotogrametrija,
kroz koju se geometrijska svojstva predmeta mogu odrediti iz
fotografija i koja je dokazala svoju korisnost u ortodonciji za
proucavanje trodimenzionalne okluzije zubnih lukova, zuba
i njihovih dimenzija. Fotogrametriju Chadwick definise kao
umetnost, nauku i tehnologiju dobijanja pouzdanih informacija
o fizickim objektima kroz procese snimanja, merenja i interpre-
tacije fotografskih slika [9].

Zbog jednostavnosti, ekonomicnosti i bez opasnosti od zra-
¢enja, fotogrametrija se na standardizovanim ekstraoralnim i
intraoralnim fotografijama koristi u svakodnevnoj ortodontskoj
praksi [10, 11, 12].

Cilj ovog rada je bio da se fotogrametrijskom metodom
analizira efikasnost zatvaranja postekstrakcionog prostora sa
elasti¢nim lancima u okviru terapije fiksnim ortodontskim
aparatima.

MATERIJAL | METODE

Istrazivanje je sprovedeno na Medicinskom fakultetu - studijski
program stomatologija, u Banjaluci, uz saglasnost Etickog ko-
miteta Zavoda za stomatologiju. Ukupan uzorak u istrazivanju
¢inilo je 38 postekstrakcionih prostora kod 19 pacijenta kojima
je indikovana ekstrakeija prvih premolara u cilju provodenja or-
todontske terapije. Uzrast ispitanika na pocetku terapije, kod ko-
jih nisu postojale kontraindikacije za ortodontsku terapiju i koji
nisu imali druge ekstrakcije (osim prvih premolara), iznosio je
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od 12 do 20 godina. Iz istrazivanja su iskljuceni ispitanici koji su
imali losu oralnu higijenu, koji neredovno dolaze na kontrole i
ne pridrzavaju se datih uputstava na pocetku terapije.

Posle ekstrakcije prvih premolara ispitanicima je postavljen
fiksni ortodontski aparat (Dentaurum, Discovery, Roth preskrip-
cija, slot 0,022 in), nakon ¢ega je izvr$ena pocetna nivelacija sa
NiTi lukovima okruglog i ¢etvrtastog preseka, pre postavljanja
Celi¢nih Cetvrtastih lukova. Cetvrtasti éeli¢ni luk preseka 0,019
x 0,025 in je stajao u slotovima bravica najmanje cetiri sedmice,
da bi postao pasivan, nakon ¢ega su aplicirani elasti¢ni lanci.
Elasti¢ni lanac je postavljan tako da povezuje kukicu na tubi
prvog molara i kukicu bravice na o¢njaku, pri ¢emu je raste-
gnut na priblizno dvostruku pocetnu duZinu, a na kontrolnim
pregledima je zamenjen novim (Slika 1).

Postekstrakcioni prostori su praceni $est meseci od pocetka
primene elasti¢nih lanaca u intervalima od mesec dana (T -T).
Kontrolni pregledi su obavljani svake ¢etiri sedmice i na njima
je proveravano da li je doslo do o$tecenja apliciranih mehani-
zama i izvrSena njihova aktivacija.

Za fotogrametrijsku metodu koriséen je fotoaparat Canon
(EOS 750D Body), makroobjektiv (EF 100 mm/2,8 IS USM)
i blic u obliku prstena (macro Ring Lite MR-14 EXII), ravno
okluzalno ogledalo i retraktor za okluzalno fotografisanje sa
milimetarskom skalom. Fotografisanjem na kontrolnim pregle-
dima (T -T,) dobijene su standardizovane okluzalne fotografije
za gornji 1 donji zubni luk. Prilikom fotografisanja ogledalo se
oslanjalo na suprotni zubni luk, dok je retraktor bio postavljen
paralelno sa zubnim nizom koji se fotografise.

Milimetarska skala na retraktoru je omogucila da se re-
zultati merenja softverski o¢itaju kompjuterskim programom
Digimizer za analizu i obradu fotografije. Pomocu ovog progra-
ma dobijeno je linearno merenje u pikselima. Zatim je o¢itan
broj piksela u jednom centimetru koji se nalazio na retrakto-
ru sa milimetarskom skalom. Na ovaj nacin jedan centimetar
segmenta fotografije, meren u pikselima, koristio se kao pa-
rametar da se broj piksela na realnoj fotografiji konvertuje u
centimetre. Sva merenja u pikselima su se kroz kompjuterski
program konvertovala u milimetre. Mereno je najkrace rasto-
janje od distalne povrsine o¢njaka do mezijalne povrsine dru-
gog premolara. Merenja su obavljana tri puta naizmenic¢no, a
referentna vrednost je predstavljala srednju vrednost ova tri
merenja (Slika 2).

Kako bi se ustanovila preciznost ove metode, uporedo su
obavljana merenja i digitalnim nonijusom preciznosti 0,01 mm.
Direktnom metodom je izmereno maksimalno rastojanje od
distalne povrsine o¢njaka do mezijalne povrsine drugog premo-
lara. Ova merenja su obavljana za svaki postekstrakcioni pro-
stor tri puta naizmenic¢no. Referentna vrednost je predstavljala
srednju vrednost ova tri merenja.

REZULTATI

Prilikom merenja efikasnosti elasti¢nog lanca kori$¢ena je me-
toda fotogrametrije. Testom za visestruka poredenja (Tukey
test) testirano je da li postoji razlika izmedu svih vremenskih
intervala u kojima je prostor izmedu zuba meren ovom meto-
dom. Ovaj test je pokazao da statisticki znacajna razlika po-
stoji izmedu svih vremenskih intervala. Prose¢no rastojanje
izmedu zuba smanjuje se tokom vremena, a prosec¢an razmak

postekstrakcionog prostora na pocetku merenja (T,) bio je 4,03
+ 1,44 mm, dok je na poslednjem merenju (T,) iznosio 0,44 +
0,57 mm (Tabela 1).

Primenom jednofaktorske analize varijanse ponovljenih
merenja (Repeated Measure ANOVA) ispitano je da li je dos-
lo do statisticki znacajne promene u prose¢nim vrednostima
postekstrakcionih prostora kada se koristi metoda elasti¢nog
lanca merena fotogrametrijom. Prose¢ne vrednosti merene su
u $est vremenskih intervala i utvrdena je statisticki znacajna
promena u prose¢nim razmacima postekstrakcionih prostora
tokom $est meseci (Vilksova lambda = 0,019, F = 103,98, p =
0,000). Ispitano je i koliki je uticaj elasti¢nog lanca kao me-
hanizma za zatvaranje postekstrakcionih prostora. Vrednost
Vilksove lambde od 0,01 — mali uticaj, 0,06 — umeren uticaj
10,14 - veliki uticaj i dobijena n* koja iznosi 0,98 ukazuju na
veoma veliki uticaj elasticnog lanca kao mehanizma zatvaranja
postekstrakcionog prostora (Tabela 2).

Grafickim prikazom je predstavljeno smanjivanje prose¢nih
vrednosti postekstrakcionih prostora merenih metodom foto-
grametrije, pod dejstvom elasti¢nog lanca (Slika 3).

Kontrolna merenja su obavljana direktnom metodom po-
mocu digitalnog nonijusa. Prose¢an razmak postekstrakcionog
prostora na pocetku merenja (T ) iznosio je 4,14 + 1,47 mm, a
na kraju (T,) 0,46 + 0,59 mm (Tabela 3).

Utvrdena je statisticki znac¢ajana promena u prose¢nim
razmacima postekstrakcionih prostora tokom Sest meseci
(Vilksova lambda = 0,006, F = 322,06, p = 0,000). Ispitano je i
koliki je uticaj elasti¢nog lanca kao mehanizma zatvaranja pro-
stora medu zubima. U ovom slucaju dobijena n* iznosi 0,99, §to
ukazuje na veoma veliki uticaj elasti¢nog lanca kao mehanizma
smanjenja prostora medu zubima (Tabela 4).

Na Slici 4 graficki su prikazane prose¢ne vrednosti $irine
postekstrakcionog prostora, odnosno maksimalnog rastojanja
medu zubima kod upotrebe elasticnog lanca, merene digitalnim
kaliperom.

DISKUSIJA

Pokazalo se da medu klini¢arima klizna mehanika predstavlja
najcesce koris¢enu metodu za zatvaranje postekstrakcionog
prostora [13]. Mogu¢nost brze i jednostavne reaktivacije uz mi-
nimalno savijanje zice i ustedu vremena su prednosti zbog kojih
klizni mehanizam predstavlja metodu izbora u toku terapije
zatvaranja postekstrakcionih prostora [14]. Rezultati istraziva-
nja koje su u Brazilu sproveli Monnini i saradnici potvrduju da
vecina specijalista (63,81%) preferira tehniku zasnovanu na kli-
znoj mehanici, dok su elasti¢ni lanaci medu najvise kori§¢enim
metodama [2]. U sli¢noj studiji u Velikoj Britaniji dosli su do
rezultata da se omce prakti¢no ne koriste za zatvaranje prostora,
a klizna tehnika je kori$¢ena u 98% slucajeva [3].

Chitra i Prakash su analizirali upotrebu fotogrametrije u
ortodontskoj dijagnostici i planiranju terapije. Ustanovili su da
se okluzalna fotogrametrijska analiza moze koristiti kao doda-
tak analizi studijskih modela i za procenu napretka le¢enja. U
slu¢ajevima kada se koriste aparati za Sirenje, fotogrametrijsko
merenje interkaninog rastojanja, prednje i zadnje $irine mogu
se periodi¢no koristiti za kvantitativno pracenje da bi se utvrdila
promena u toku le¢enja [12]. Mogu se takode primeniti i za me-
renje meziodistalne dimenzije zuba i u izra¢unavanju Boltonove



nepodudarnosti, kao i za planiranje korekcije odstupanja od
srednje linije [13].

Rezultati ovog istrazivanja pokazuju da se postekstrakcioni
prostori zatvaraju prose¢no za 1,00 mm mesec¢no kada su me-
renja obavljana fotogrametrijom. Kontrolna merenja digitalnim
kaliperom daju prose¢ne vrednosti od 1,02 mm mese¢no. I jed-
na i druga metoda potvrduju veliku efikasnost elasti¢nih lanaca
kod zatvaranja postekstracionog prostora.

Brojni autori su analizirali zatvaranje postekstrakcionog
prostora na razli¢ite nadine [14, 15]. Kao najjednostavnija me-
toda i za pacijenta i za terapeuta pokazalo se direktno merenje
digitalnim kaliperom. Najveca prednost je u tome $to se rezul-
tati merenja dobiju odmah, $to moze biti od velikog znacaja
za procenu dosadasnjeg uspeha i planiranja terapije. Upravo
ovu metodu su koristili Dixon i saradnici, koji su primenom
elasti¢nih lanaca kod 10 pacijenata utvrdili da se prostor za-
tvara za 0,58 mm mese¢no [4]. Sli¢no istraZivanje su sproveli
Chaudhari i Tarvade posmatrajuci zatvaranje postekstrakcionih
prostora kod 20 pacijenata. U toku cetiri meseca merenja su
izvr$ena pomocu digitalnog kalipera od vrha kvrzice na o¢nja-
ku do vrha meziobukalne kvrzice na prvom stalnom molaru,
pri ¢emu su ustanovili da se ta vrednost smanjuje za 0,62 mm
mesecno [16]. Direktno merenje su koristili i Kanuru i saradnici
kada su ispitivali iznos zatvaranja prostora pomeranjem ocnja-
ka koristeci cetiri razlicita elasti¢na lanca tokom $est sedmica.
Merili su rastojanje od kukice bravice na o¢njaku do kukice
tube na prvom molaru. Nakon tri sedmice izmerene vrednosti
za zatvaranje prostora su iznosile od 0,75 mm do 1,12 mm, dok
su posle $est sedmica te vrednosti iznosile od 1,47 mm do 2,07
mm [17]. Medutim, najve¢i nedostatak ove metode je u pravil-
nom pozicioniranju krakova kalipera, jer se merenje obavlja u
ograni¢enom prostoru u vlaznoj sredini, pa se moze desiti da
zbog toga dode do pogres$nih rezultata.

Indirektna merenja podrazumevaju uzimanje otisaka na
kontrolnim pregledima, §to omogucava ortodontu ve¢i komo-
ditet za analizu i merenje. Ovu metodu su koristili Talwar i Bath,
koji su takode ispitivali efikasnost elasti¢nih lanaca. Otisci su
uzeti na pocetku i na kraju posmatranog perioda od 12 sedmi-
ca. Merenje su se obavljala na studijskim modelima od vrha
kvrzice na o¢njaku do vrha meziobukalne kvrzice na prvom
stalnom molaru. Prose¢ne vrednosti su iznosile 1,62 + 0,14 mm
mesecno [18]. Fang i saradnici su sproveli sli¢no istraZivanje,
ali su se merne tacke nalazile na vrhu kvrzice o¢njaka i sredini
centralne fisure drugog premolara, dok se prostor zatvarao za
0,52 mm mese¢no [19].

Sabrina i saradnici su ispitivali zatvaranje postekstrakcionih
prostora kod samoligirajucih i konvencionalnih bravica pomo-
¢u elasti¢nog lanca kod 11 pacijenata tokom osam sedmica.
Na kontrolnim pregledima su uklanjani lukovi, a otisci su se
uzimali preko bravica koje su bile zasticene voskom. Merenja
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su se vrsila indirektno na dobijenim studijskim modelima, od
distalne povrsine o¢njaka do mezijalne povrsine drugog premo-
lara pomocu digitalnog kalipera. Prose¢na vrednost za konven-
cionalne bravice je iznosila 0,75 mm, a za samoligirajuce 0,48
mm mese¢no [20].

Sli¢nu split-mouth studiju je sproveo i Mezomo sa saradni-
cima poredeci konvencionalne i samoligirajuce bravice, a kao
klizni mehanizam elasti¢ne lance. Na mese¢nim kontrolama su
uzimani otisci, a merenja su izvr$ena indirektnom metodom sa
digitalnim nonijusom. Rezultati su pokazali da se zatvaranje
prostora konvencionalnim bravicama odvija brzinom od 0,84
mm mesecno, dok je za samoligirajuce bravice ova vrednost
iznosila 0,90 mm mese¢no [21]. Najveéi nedostatak indirektnog
merenja je u tome $to se produzava vreme kontrolnog pregle-
da, a tome jo$ vise moze da doprinese nehoti¢no odlepljivanje
bravica, $to zahteva dodatno planiranje vremena.

Bokas i Woods su posmatrali zatvaranje 12 postekstrakcio-
nih prostora kliznom mehanikom primenom elasti¢nih lanaca.
Kontrolni pregledi su obavljani u intervalima od 28 dana, i na
njima su uzimani otisci za studijske modele koji su zatim ske-
nirani. Merenja su izvr$ena na digitalnim fotografijama dobije-
nim okluzalnim skeniranjem pomocu odgovarajuceg softvera.
Rezultati pokazuju da su elasti¢ni lanci zatvarali prostore za
1,68 mm mesec¢no [22]. Skeniranje modela i analiza njihovih
3D replika pruza ortodontu mogucnost merenja u tri dimenzije,
a softverska manipulacija omogucava pracenje i predvidanje
rezultata terapije. Medutim, pravilno analiziranje i merenje
skeniranih modela zahteva uvezbanost i dobro poznavanje
moguc¢nosti koje pruza softver.

Kao i prethodne metode, fotogrametrija ima svoje predno-
sti i nedostatke. Prednost je pre svega u tome $to se izbegava
uzimanje otisaka. Zapis koji se dobije ovom metodom je u boji
i verno oslikava i podrucje merenja, ali i strukture oko njega.
Jo$ jedna prednost koju nose digitalne fotografije je to $to se
snimak moZze odmah ponoviti ukoliko nije zadovoljavajudi, a
merenja obaviti kasnije bez zurbe. Pored odredene neprijatnosti
kod fotografisanja, najve¢a mana ove metode je nedostatak tre-
¢e dimenzije. Zato je neophodno da uslovi fotografisanja budu
standardizovani.

ZAKYUCAK

Elasti¢ni lanac se pokazao kao veoma efikasan mehanizam za
zatvaranje postekstrakcionog prostora, a fotogrametrija kao
jednostavna i precizna metoda za pracenje rezultata terapije.
S obzirom na to da je razlika u odnosu na merenja digitalnim
kaliperom minimalna, fotogrametrija se moze rutinski prime-
njivati u svakodnevnoj praksi.
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SUMMARY

Introduction Calcium silicate (CS) dental cements have numerous clinical indications in dentistry including pulp
capping, root end surgery, perforation repair and apexification/apexogenesis treatment.

Materials and methods Novel CS based dental cement with incorporation of SrCO, radiopacifier named ALBO-DENT
was used as an experimental cement material while Portland cement (Aalborg, Denmark) and ProRoot MTA (Tulsa
Dental, USA) were used as controls. The radiopacity evaluation was performed using digital Trophy Radiographic sys-
tem with an intention to precisely determine the minimum of radiopaque agent needed to confer to ISO radiopacity
requirement. Thereafter, biocompatibility of material was tested in in vitro conditions in mouse fibrosarcoma L929 cell
culture treated with materials’ extracts. Cell morphology was observed using phase-contrast microscopy, while cell
viability was measured using crystal violet (CV) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT) assays.

Results Radiopacity evaluation revealed that 30%wt addition of SrCO, was necessary to achieve satisfactory radiopac-
ity (3.45 mm Al). Cytotoxicity analysis using CV and MTT assays revealed that pure extracts of ALBO-DENT presented
superior biocompatibility when compared to PC and MTA controls while serial dilutions of experimental cements’
extracts as well as that of PC and MTA did not influence L929 cell viability.

Conclusions Novel formulation of CS cement — ALBO-DENT presented satisfactory radiopacity and adequate bio-

compatibility.

Keywords: calcium silicate; strontium carbonate; radiopacity; dental materials biocompatibility; endodontics

INTRODUCTION

Calcium silicate (CS) dental cements have revolution-
ized many regenerative endodontic procedures such as
root end surgery, apexification/apexogenesis, perforation
repair and direct pulp capping [1]. The very first com-
mercial CS-based dental cement - ProRoot MTA (Tulsa
Dental, OK, US) has shown significant clinical outcomes
[2] and it is composed of type 1 ordinary Portland ce-
ment (PC) (with fineness in the range of 4500-4600
cm?/g) and bismuth oxide (Bi,0,) added for radiopacity,
in the proportion of 4:1 [2]. However, it has been shown
that Bi,O, addition increases cement solubility, reduces
its mechanical resistance and causes tooth discoloration
[3]. Therefore, researchers use different alternatives aim-
ing to meet the ISO 6876 requirement for radiopacity. The
following radiopaque agents are employed previously:
barium sulphate (BaSO,) [4, 5], titanium dioxide (TiO,)
(4], gold (Au) [4, 5], calcium tungstate (CaWO,) [6, 7],

zirconium dioxide (Zr0,) [8, 9, 10], ytterbium fluoride
(YbF,) [9], tantalum pentoxide (Ta,0,) [10] and niobium
pentoxide (Nb,0,) [11, 12].

Our research group has demonstrated the satisfactory
properties of two novel CS formulations: one consisting
of CS, nano-particulated hydroxyapatite (nano-hydroxy-
apatite, nHA) and BaSO , — ALBO MPCA, and another
composed of CS, calcium carbonate (CaCO,) and Bi,0,
- ALBO MPCA,. Their mechanical properties and in vivo
safety, after both acute and sub-chronic administration,
are documented previously [13-19]. These materials have
shown satisfactory setting time, increased pH value, ad-
equate biocompatibility and enhanced neutralization of
the bacterial biofilm [20, 21]. It was confirmed that CS
enriched with nHA was associated with YbF, as radiopac-
ifiers leading to adequate physicochemical and biological
characteristics [9, 19].

This study generally served to further improve the
quality of ALBO MPCA cements by incorporating the
potentially bioactive radiopacifier — strontium carbonate
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(8rCO,). The idea is rooted in proofs of numerous bene-
ficial effects of strontium (Sr) on bone and dental tissue,
among which are: osteoproliferative and odontoprolifer-
ative effects, stimulation of bone formation and angio-
genesis, inhibition of cell differentiation and activity of
osteoclasts and induction of human dental pulp stem cells
by promoting their odontogenic differentiation, prolifera-
tion and mineralization [22,23,24]. The aim of this study
was to determine the minimal ratio of SrCO, capable to
satisfy ISO required radiopacity standard and investigate
the biocompatibility of this material in L929 cell culture.

MATERIALS AND METHODS
Synthesis of inorganic phases

The novel experimental cement - ALBO-DENT was
composed of the following components: calcium sili-
cate, zirconium oxide, strontium carbonate, magnesium
silicate, mesosilica and hexaphosphate. Silicate active
phase was synthesized from calcium chloride pentahy-
drate (CaCl,-5H,0) (Merck, Germany) and silica sol ob-
tained by hydrothermal treatment. Aluminium acetate
(AI(CH,COO0),) was added to the mixture to provide the
production of a small amount (3.01 %) of active tricalci-
um aluminate (C,A) phase. Detailed procedure of used
CS synthesis is given in investigations of Jokanovic et al.
[14,15]. SrCO, (Sigma-Aldrich, St. Louis, Missouri, USA)
was added into the mixture at 10%, 20% and 30% wt. ratio.
PC (Aalborg, Denmark) and MTA+ (thereafter referred
to as MTA) (Cerkamed, StalowaWola, Poland) served as
control.

Specimen preparation

All experimental cements and PC were hand-mixed at a
powder/liquid ratio of 1 g cement/0.3 ml distilled water,
while MTA preparation was performed in accordance
with manufacturer’s instructions, using glass mixing pad
and stainless steel spatula for cement mixing. The spec-
imens were made using polytetrafluoroethylene (PTFE)
ring molds incorporating a cavity of various internal di-
ameter and height depending on the used test. Molds were
filled to a level surface with mixed cement.

Radiopacity assessments

Radiopacity was determined in accordance with ISO 6876
[25]. Specimens (n=5) measuring 8 mm in diameter and
1 mm thickness were placed alongside an aluminum
step-wedge (99.6 % pure) varying in thickness from 1 to
10 mm in increments of 1 mm each and radiographed
by CCD sensor and X-ray unit (Trophy Radiology, Cedex,
France) operating at 65 kV, 7 mA, for 0.07 s and at the
focus to target distance of 35 cm. Image J for Windows
software (National Institutes of Health (NIH), Bethesda,
MD, USA) was used to calculate the gray scale values of
each specimen and of each aluminium step-wedge thick-
ness. The mean grey scale values were plotted against the
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number of aluminum steps, the plots were linearly re-
gressed and regressions were used to convert mean grey
scale values into millimeters of aluminum.

Cell viability analysis
Preparation of the materials extracts

Cell viability was carried out in accordance with the ISO
Standard 10993-5/2005 [26]. Cements were manipulated
under sterile conditions. Immediately after mixing, mate-
rials were placed into pre-sterilized PTFE molds (12 mm
in diameter and 2 mm thick) to set for 24 h in a humidi-
fied atmosphere. Thereafter, discs were sterilized by ultra-
violet irradiation for 2 h, then immersed in 1 ml complete
medium - Dulbecco’s modified Eagle medium (DMEM;
Gibco, Thermo Fisher Scientific, Inc., Waltham, MA,
USA) supplemented with 5 % fetal bovine serum (FBS),
2 mM L-glutamine and penicillin/streptomycin (all from
Capricorn Scientific, Ebsdorfergrund, Germany) and in-
cubated for 24 h at 37°C. To prepare eluents for treatment,
extracts were diluted with complete culture medium that
was used for cultivation of control/non-treated cells.

Cell culture and treatment

The mouse fibrosarcoma 1929 cell line (European
Collection of Animal Cell Cultures, Salisbury, UK) was
cultivated in complete medium and maintained at 37°C,
in a humidified atmosphere with 5% CO.,. Cells were pre-
pared for experiments using the conventional trypsiniza-
tion procedure with trypsin/EDTA and seeded in 96-well
flat-bottom plates (5x10° cells/well) for the cell viability
assessment. Cells were treated 24 h post-seeding with pure
extract (1) and serial dilutions (1:2,1:4,1:8,1:16 and 1:32
(v:v)). Cell viability was assessed after 24,48 and 72 h
treatment.

Cell viability assessment

The number of adherent cells was determined using crys-
tal violet (CV) while mitochondrial dehydrogenase activi-
ty was assessed using 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl-tetrazolium bromide (MTT) test. The CV assay
was based on the inability of dead cells to remain adher-
ent. After treatment, the adherent, viable cells were fixed
with methanol and stained with 10 % CV solution for 15
min at room temperature. CV dye was dissolved in 33 %
acetic acid after rigorous washing with water. MTT test
measures mitochondrial-dependent reduction of MTT
to formazan by metabolically viable cells. MTT solution
was added to the cell cultures in the final concentration
of 0.5 mg/ml and cells were incubated for an additional
hour. Subsequently, the solution was removed and cells
were lysed by dimethyl sulfoxide. The absorbance of dis-
solved CV dye, corresponding to the number of adherent
(viable) cells and the conversion of MTT to formazan,
corresponding to the number of cells with an active mito-
chondria were measured in automated micro-plate reader
at 570 nm (Sunrise; Tecan, Dorset, UK). The results were
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cement

2.310.07

ALBO-DENT
(10% Srco3)

ALBO-DENT
(20% Srco03)

ALBO-DENT PC
(30% Srco3)

MTA

Figure 1. Radiopacity of investigated cements as measured with digital radiography. Digital radiographs of the representative
disc-shaped cements’ specimens alongside an aluminum step wedge ethalone. Note the increase of the radiopacity with greater
percentage of SrCO, addition. SrCO, - strontium carbonate; PC — Portland cement; MTA — mineral trioxide aggregate

Slika 1. Rendgenkontrasnost ispitivanih cemenata merena digitalnom radiografijom. Digitalni radiogrami reprezentativnih uzoraka
cemenata u obliku diska zajedno sa aluminijumskim etalonom. Primetiti povecéanje kontrastnosti sa ve¢im postotkom prisutnog
SrCO3. SrCO3 - stroncijum-karbonat; PC — cement Portland; MTA — mineralni trioksidni agregat

presented as percentage of viability relative to untreated,
control cultures, considered as 100 % viable. The experi-
ments were performed in triplicates.

Phase contrast microscopy analysis

Morphological changes in mouse fibrosarcoma L929 cell
line were observed and cells photographed under Leica
DCF320 phase contrast microscope (Leica Microsystems
DMIL, Wetzlar, Germany) equipped with Leica
Microsystems DFC320 camera and Leica Application Suite
software (version 2.8.1), with 20x magnification.

Statistical analysis

The SPSS software program (ver. 20, IBM Corp., Armonk,
NY, USA) was employed for statistical analysis. The
Shapiro-Wilk test was used to check the normality of
data distribution. Afterwards, one-way ANOVA with
Bonferroni post-hoc tests was employed to compare ob-
tained radiopacity and cytotoxicity outcomes (p<0.05).

RESULTS

The Shapiro-Wilk test for normality found that data were
normally distributed and thus they were subjected to one-
way ANOVA analysis followed by Bonferroni test.

The results of the radiopacity evaluations are presented
in Figure 1. One-way ANOVA revealed that the addition
of different percentage of radiopacifiers statistically in-
fluenced the obtained values of radiopacity. The lowest
value of radiopacity was found in PC that was not sta-
tistically different when compared with CS+10%SrCO,
addition, while it was statistically different that all other
investigated cements. On the other hand, MTA presented
the greatest radiopacity value, statistically higher than in
all other cements. Results revealed that 30% wt addition
of SrCO, conferred the ALBO-DENT radio-density of
3.45+0.09 mm Al that was in accordance with ISO 6876
requirement, while 10 % addition and 20 % addition of

SrCO, did not conform with ISO standard for 3 mm Al
(1.79+0.06 mmAl, 2.3+0.07 mmAl, for 10 % and 20 %,
respectively).

Cytotoxicity data are given in Figure 2 and Figure 3,
while representative phase-contrast images of the cells
treated with extracts of investigated materials are present-
ed in Figure 4. For CV assay (Figure 2), one-way ANOVA
showed the statistical difference among tested cements
after 24 h (pure extracts, 1:2 and 1:4), 48 h (pure extracts,
1:2 and 1:4) and 72 h (pure extracts and 1:2) (p<0.05). For
MTT assay (Figure 3), one-way ANOVA showed the sta-
tistical difference for all time points for pure, 1:2 and 1:4
dilutions (p<0.05), while significance was not found for
1:8,1:16 and 1:32 dilutions (p>0.05). The results obtained
for CV and MTT assays are highly complementary. Pure
extract of ALBO-DENT presented lower cytotoxicity than
PC and MTA for all time points, showed by both CV and
MTT assays. For 1:2 dilution, MTA presented significant
proliferative potential after 24h. Similarly, treatment with
1:2 and 1:4 dilutions of PC extract exerted statistically
higher proliferative potential after 48 h. The rest of dilu-
tions (1:8, 1:16 and 1:32) had no effect on cell viability.

Consistent with results obtained using cell viability as-
says, treatment of 1929 cells with ALBO-DENT pure ex-
tract for 24 h had no effect on cell morphology, but slightly
decreased cell proliferation. Contrary, MTA and PC pure
extracts triggered morphological changes typical for cell
death, cell shrinkage and rounding and detachment of
cells from bottom well (Figure 4).

DISCUSSION

This study showed that SrCO, might be a radiopacify-
ing agent in CS-based dental cement. It has been shown
that 30 % wt addition of SrCO, has met ISO requirement
for radiopacity and at the same time cement mixture en-
riched with 30 % wt SrCO, showed satisfactory biocom-
patibility properties.

The idea and reason behind adding SrCO, into CS-
based cement formulation originate from two reasons.
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Figure 2. Cell viability (%) evaluated by the crystal violet (CV) assay
after 24 h, 48 h and 72 h exposure of L929 cells to the cements’
eluents — pure extract (1) and different serial dilutions (1:2, 1:4,
1:8, 1:16, 1:32 (v:v)). The data are presented as mean + standard
deviation (SD) values of triplicates from one representative of three
independent experiments. Columns with * are statistically different
in comparison to control (p < 0.05). SrCO, ~ strontium carbonate;
PC - Portland cement; MTA - mineral trioxide aggregate

Slika 2. Vijabilnost ¢elija (%) izmerena kristal violet (KV) testom
posle 24 h, 48 hi 72 h izlaganja ¢elija L929 na eluate cemenata — Cisti
ekstrakt (1) i sa serijom razblazenja (1:2,1:4,1:8,1:16,1:32 (v
:v)). Rezultati su predstavljeni kao srednja vrednost i standardne
devijacije (SD) triplikata kultura iz jednog od tri nezavisna ekspe-
rimenta. Kolone sa oznakom * su statisticki znacajne u poredenju
sa kontrolnom grupom (p < 0,05). SrCO3 - stroncijum-karbonat;
PC - cement Portland; MTA — mineralni trioksidni agregat

Figure 3. Cell viability (%) evaluated by the MTT test after 24 h,
48 h and 72 h exposure of L929 cells to the cements’ eluents — pure
extract (1) and different serial dilutions (1:2, 1:4, 1:8, 1:16, 1:32 (v:v)).
The data are presented as mean * standard deviation (SD) values
of triplicates from one representative of three independent exper-
iments. Columns with * are statistically different in comparison to
control (p < 0.05). SrCO, — strontium carbonate; PC — Portland
cement; MTA — mineral trioxide aggregate

Slika 3. Vijabilnost ¢elija (%) izmerena MTT testom posle 24 h, 48
h i 72 h izlaganja L929 Celija na eluate cemenata - Cisti ekstrake (1)
i sa serijom razblazenja (1:2,1:4,1:8,1:16,1:32 (v:v)). Rezultati
su predstavljeni kao srednja vrednost i standardne devijacije (SD)
triplikata kultura iz jednog od tri nezavisna eksperimenta. Kolone
sa oznakom * su statisticki znacajne u poredenju sa kontrolnom
grupom (p < 0,05). SrCO3 - stroncijum-karbonat; PC — cement
Portland; MTA — mineralni trioksidni agregat
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ALBO-DENT
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Figure 4. Effects of ALBO-DENT, MTA and PC on mouse fibrosarcoma cell line L929 morphology. L929 cell
were grown in medium (A) and in presence of pure extracts of ALBO-DENT (B), MTA (C) and PC (D) for
24 h. Cell morphology was observed using phase contrast microscopy (magnification 20x).

Slika 4. Uticaj ALBO-DENTA, MTA i PC na morfologiju ¢elijske linije misjeg fibrosarkoma L929. Celije L929 su
gajene u medijumu (A) i u prisustvu gistog ekstrakta ALBO-DENT (B), MTA (C) i PC (D) tokom 24 h. Celijska
morfologija je posmatrana pomocu fazno kontrastnog mikroskopa (uveli¢anje 20x).

Firstly, Sr is nowadays accepted as a bioactive constitu-
ent of many dental materials and biomaterials used in
orthopaedic surgery. In addition, modern strategies for
bio-activation of the surfaces of titanium implants include
their coating with Sr incorporated layers. Secondly, Sr is
intentionally used in the form of carbonates since the
addition of calcium carbonate (CaCO,) into CS cements
decreases setting time, as it was achieved in Biodentine
(Septodont, France) [27].

The results of radiopacity have shown that 30 % wt ad-
dition of SrCO, was necessary to satisfy the radiopacity of
ALBO-DENT. The radiopacity of ALBO-DENT was lower
than previously found for CS+30%Bi,0, (~11 mm Al) and
CS+25%Bi,0, (6.9 mm Al) [28]. The results demonstrated
for radiopacity of MTA (6.9 mm Al) corroborate find-
ings of previous studies: 4.86,6.74,7.0,7.5 and 8.0mm Al
[28-31]. The PC did not meet the ISO radiopacity require-
ment that is in line with previous studies (~0.9 mm Al)
(28, 29]. The influence of SrCO, on the radiopacity of
endodontic ceramics has not been previously mentioned
in the literature. The variations in radiopacity come as
a consequence of the difference in the atomic number
between the constituents [32]. Namely, atomic number
of the compounds is directly proportional to the absorp-
tion of x-rays. The atomic number of Sr (Z=40) is lower
than that in Bi (Z=83) and therefore higher percentage of
SrCO, is needed to meet ISO radiopacity standard. This
is not playing a negative role in the case of SrCO, such
as with other radiopacifiers addition (i.e. Bi) because Sr
may be considered not only as biologically safe, but also
biologically active constituent.

Biological safety of dental materials is of paramount
importance. Therefore, in vitro and in vivo tests are rou-
tinely performed to evaluate material’s biocompatibility
before it can be used in clinical practice. The cytotoxici-
ty assessment was performed for the mixture with ade-
quate radiopacity value (30% wt addition of SrCO,). ISO
10993-5 stipulates that material can be considered as not
cytotoxic if it causes less than 30% cells to die in in vitro
assays. In our study, two cytotoxicity tests were used: MTT
that measures mitochondrial activity of the metabolically

active cells and CV that determines the number of the
adherent, viable cells. It was demonstrated that novel
experimental cement ALBO-DENT performed satisfac-
tory behavior in cell culture, comparable to that of PC
and MTA. Presented results showed significantly lower
percentage of viable cells in MTA/PC treatments than
those found in some studies (80-150%) [7, 33, 34], but
they are in agreement with other studies [35, 36]. For PC/
MTA 1:2 and 1:4 eluents, the CV and MTT tests showed
similar outcomes and are in rough agreement with data
documented in the literature [7, 37]. The differences of
cell viability results in different studies could arise from
variations in specimens’ size (5x3 mm [37],5x2 mm [12]
and 5x1 mm [29]). The toxic potential of PC and MTA
pure elute may be a matter of debate, but it is presumably
the consequence of its high alkalinity in the closed in vi-
tro cell viability assessment system. It may be speculated
that in vivo, where the constant fluid uptake is ensured,
these materials may not present negative effect on the
surrounding tissue. In any case, novel cement mixture
ALBO-DENT presented superior characteristics than
widely commercially used ProRoot MTA.

From the clinical point of view, new CS-based exper-
imental material has certain advantages since Sr incor-
poration may enhance the bone healing during root end
canal surgery by activating osteoblasts for improved bone
synthesis [22,23,24]. In addition, if used for pulp capping
procedures, it may stimulate odontoblasts for faster for-
mation of tertiary dentine. These assumptions should be
confirmed in the future state of the art researches.

CONCLUSION

Newly synthesized CS-based dental cement with 30% wt
addition of SrCO, as radiopacifying agent meets I1SO
standard for radiopacity. Biocompatibility of newly syn-
thesized cement, assessed by analysis of cell viability via
measurement of the number of adherent, viable cells and
viable cells with active mitochondria, is satisfactory and
indicates its biological safety.
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KRATAK SADRZA)

Uvod Kalcijum-silikatni (KS) dentalni cementi se koriste u brojnim klini¢kim indikacijama u stomatologiji koje uklju¢uju direktno
prekrivanje pulpe, retrogradnu hirurgiju korena zuba, lecenje perforacija i apeksogenezu/apeksifikaciju.

Materijali i metode U istraZivanju je koris¢en novosintetisani cement na bazi KS sa dodatkom SrCO, kao kontrastnog agensa
ALBO-DENTA, dok su kao kontrola kori$¢eni cement Portland (PC, Aalborg, Denmark) i ProRoot MTA (MTA, Tulsa Dental, USA).
Rendgenokontrasnost je ispitivana digitalnom radiografijom primenom aparata Trophy, sa namerom da se precizno odredi minimum
kontrastnog agensa koji zadovoljava zahteve standarda ISO za rendgenkontrastnost. Biokompatibilnost materijala je ispitana in vitro,
u kuleuri ¢elija migjeg fibrosarkoma L929 tretiranoj ekstraktima ispitivanih materijala. Celijska morfologija je pra¢ena upotrebom
fazno-kontrastne mikroskopije, dok je vijabilnost Celija utvrdivana kristal violet (KV) i 3-(4,5-dimetiltiazol-2-yl)-2,5-difenfl-tetrazolium
bromid (MTT) esejima.

Rezultati Ispitivanje rendgenkontrastnosti je pokazalo da dodatak 30% SrCO, dovodi do zadovoljavajuceg kontrasta materijala (3,45
mm Al). Analiza citotoksi¢nosti KV i MTT metodom je pokazala da ¢isti ekstrakt ALBO-DENTA pokazuje bolju biokompatibilnost u
poredenju sa PC i MTA, dok serijska razblazenja ekstrakta ispitivanog cementa, kao i PC i MTA, nisu uticala na vijabilitet ¢elija L929.
Zakljucci Novi cement na bazi KS — ALBO-DENT pokazao je zavodovoljavajuéu rendgenkontrastnost i odgovarajucu biokompati-

bilnost.

Kljuéne reci: kalcijum-silikat; stroncijum-karbonat; rendgenkontrast; citotoksi¢nost; endodoncija

uvoD

Kalcijum-silikatni (KS) dentalni cementi doveli su do revolucije
u mnogim endodontskim regenerativnim zahvatima kao $to
su endodontska apeksna hirurgija, apeksifikacija/apeksogene-
za, reparacija perforacija, kao i direktno prekrivanje pulpe [1].
Prvobitno sintetisani komercijalni KS cement, ProRoot MTA
(Tulsa Dental, OK, SAD) pokazao je znadajne klinic¢ke rezultate,
a sastojao se od tipa 1 standardnog cementa Portland (PC) (sa
fino¢om u rangu od 4500 do 4600 cm?/g) i dodatog bizmut-
oksida (Bi,0,) kao radiokontrastnog sredstva u razmeri 4 : 1
[2]. Medutim, primeceno je da dodatak Bi,O, utice na povecanu
rastvorljivost cementa, redukuje mehanicku otpornost i dovodi
do diskoloracije zuba [3]. Iz tog razloga istraZivac¢i primenjuju
razlicite alternative u cilju zadovoljavanja ISO 6876 zahteva za
radiokontrast. Kao rendgenkontrasti kori$¢eni su barijum-sulfat
(BaS0,) [4, 5], titanijum-dioksid (TiO,) [4], zlato (Au) [4, 5],
kalcijum-volframat (CaWO,) 6, 7], cirkonijum-dioksid (ZrO,)
(8,9, 10], iterbijum-fluorid (YbF,) [9], tantal-pentoksid (Ta,0,)
[10] i niobijum-pentoksid (Nb,0,) [11, 12].

Nasa istrazivacka grupa dosla je do zadovoljavajucih osobina
dva nova KS preparata: jedan se sastojao od KS, nanocesti¢nog
hidroksiapatita (nHA) i BaSO, - ALBO MPCA , dok se drugi
sastojao od K§, kalcijum-karbonata (CaCO,) i Bi,0, - ALBO
MPCA.,. Njihove mehanicke osobine kao i bezbednost u Zivom
organizmu (in vivo safety), posle akutne i subhroni¢ne prime-
ne, dokumentovane su u prethodnim radovima [13-19]. Ovi
preparati su pokazali zadovoljavajuce vreme o¢vr§¢avanja, po-
ve¢anu pH vrednost, pogodnu biokompatibilnost i pojacanu

neutralizaciju bakterijskog biofilma [20,21]. Potvrdeno je da je
KS obogacen nHA uz dodatak YbF, kao radiokontrasta doveo
do adekvatnih fizikohemijskih i bioloskih karakteristika [9, 19].
Opsti cilj ove studije bio je da se dodatno poboljsa kvalitet
cementa ALBO MPCA dodavanjem potencijalno bioaktivnog
radiokontrasta — stroncijum-karbonata (SrCO,). Ideja je uko-
renjena u dokazima brojnih povoljnih efekata stroncijuma
(Sr) na kost i zubna tkiva, medu kojima su osteoproliferativ-
ni i odontoproliferativni efekati, stimulacija formiranja kosti
i angiogeneza, inhibicija Celijske diferencijacije i osteoklastne
aktivnosti, odnosno indukcija humanih stem ¢elija zubne pulpe
promocijom njihove odontogene diferencijacije, proliferacije i
mineralizacije [22,23,24]. Cilj ovog istrazivanja je bio da utvrdi
minimalni udeo SrCO, kao rendgenkontrastnog sredstva koji
zadovoljava zahteve ISO u dentalnim cementima i da proveri
biokompatibilnost ovog materijala u kulturi ¢elija L929.

MATERIJAL | METODE
Sinteza neorganskih faza

Novi eksperimentalni cement ALBO-DENT sacinjen je od sle-
decih sastojaka: kalcijum-silikata, cirkonijum-oksida, stronci-
jum-karbonata, magnezijum-silikata, mezosilike i heksafos-
fata. Aktivna silikatna faza je sintetisana od kalcijum-hlorida
pentahidrata (CaCl,-5H,0) (Merk, Nemacka) i silicijumske sol
faze dobijene hidrotermalnim postupkom. Aluminijum-acetat
(Al(CH,00),) dodat je u mesavinu da obezbedi formiranje male
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koli¢ine (3,01%) aktivne trikalcijumaluminatne faze (C,A).
Detaljna procedura sinteze koris¢enog KS je opisana u istrazi-
vanjima Jokanovica i saradnika [14, 15]. SrCO, (Sigma-Aldrich,
St. Louis, Missouri, SAD) dodat je u meSavinu kao 10%, 20% i
30% tezinski postotak. PC (Aalborg, Danska) i MTA+ (kasnije
navoden kao MTA) (Cerkamed, StalowaWola, Poljska) sluzili
su kao kontrola.

Priprema uzoraka

Svi eksperimentalni cementi i PC su ru¢no zamesani; odnos
praha i tecnosti je bio 1 g cementa i 0,3 ml destilovane vode, dok
je MTA pripremljen prema uputstvu proizvodaca, metalnom
$patulom za me$anje cemenata na staklenoj plocici. Uzorci su
napravljeni kori§¢enjem politetrafluoroetilenskih (PTFE) kalu-
pa ¢iji je dijametar $upljine varirao u zavisnosti od koris¢enog
testa. Kalupi su bili do vrha ispunjeni cementnom masom.

Odredivanje rendgenkontrastnosti

Rendgenkontrastnost je utvrdivana u skladu sa standardom
ISO 6876 [25]. Uzorci (n = 5) dijametra 8 mm i debljine 1 mm
postavljeni su zajedno sa aluminijumskim etalonom (99,6%
¢istoce), ¢ija je debljina varirala od 1 mm do 10 mm sa postepe-
nim pove¢anjem od 1 mm, i radiografisani su uz pomo¢ CCD
sensora i izvora x-zraka (Trophy Radiology, Cedex, Francuska)
radedi pri slede¢im parametrima: 65 kV,7 mA, 0,07 s i rastojanju
izmedu izvora zraCenja i objekta radiografisanja od 35 cm. Image
J za program Windows (National Institutes of Health (NIH),
Bethesda, MD, SAD) primenjen je za izra¢unavanje stepena si-
vo-bele skale svakog uzorka i svake debljine aluminijumskog eta-
lona. Srednje vrednosti sivo-bele skale su plotovane sa debljinom
aluminijuma, a izvedena linearna zavisnost i regresija koris¢ene
su da se stepen sivo-bele skale pretvori u milimetre aluminijuma.

Analiza Celijskog vijabiliteta

Priprema ekstrakata materijala. Analiza Celijskog vijabiliteta
je uradena u skladu sa ISO standardom 10993-5/2005 [26].
Cementi su pripremani u sterilnim uslovima. Neposredno po-
sle mesSanja materijali su stavljani u sterilisane PTFE kalupe
(12 mm S$irine i 2 mm debljine) da oévrsnu tokom 24 sata u
atmosferi zasi¢enoj vodenom parom. Dobijeni diskovi su zatim
sterilisani ultravioletnim zra¢enjem u trajanju od 2 h, nakon
¢ega su uronjeni u 1 ml kompletnog medijuma - Dulbecco
modifikovani Eagle medijum (DMEM; Gibco, Thermo Fisher
Scientific, Inc., Waltham, MA, SAD), obogacenog 5% fetal-
nim tele¢im serumom (FBS), 2 mM L-glutaminom i penici-
linom/streptomicinom (Capricorn Scientific, Ebsdorfergrund,
Nemacka) i inkubirani 24 sata na 37° C. Kako bi se pripremili
eluati za tretman celija, ekstrakti su razblazeni kompletnim
medijumom koji je kori§c¢en za kultivaciju kontrolnih/netre-
tiranih Celija.

Celijska kultura i tretman. Celijska linija miSjeg fibrosarkoma
L929 (Evropska zbirka animalnih Celijskih kultura, Salisbury,
UK) kultivisana je u kompletnom medijumu i odrZavana na
37°C, u atmosferi zasi¢enoj vodenom parom, sa 5% CO.. Celije
su pripremljene za eksperiment kori$¢enjem konvencionalne
procedure tripsinizacije sa tripsin/EDTA i zasejavane za testo-
ve Celijskog vijabiliteta u polistirenske ploce sa 96 bunara sa

ravnim dnom u gustini 5 x 10° éelija po bunaru. Celije su 24 sata
posle zasejavanja tretirane ¢istim ekstraktom (1) i njegovim
serijskim razblaZenjima (1:2,1:4,1:8,1:1611:32 (v:v)).
Vijabilitet ¢elija je procenjen posle 24,48 i 72 sata.

Merenje vijabiliteta Celija. Broj adherentnih ¢elija utvrden
je kristal violet (KV) testom, dok je aktivnost mitohondrijalne
dehidrogenaze merena testom 3-(4,5-dimetiltiazol-2-il)-2,5
difeniltetrazolijum-bromid (MTT). Kolorimetrijski test KV se
zasniva na ¢injenici da adherentne celije koje podlezu celijskoj
smrti gube sposobnost adherencije i odlepljuju se od podlo-
ge, tako da je koli¢ina boje koju celije u kulturi vezu direktno
proporcionalna broju zivih ¢elija. Nakon zavrsetka tretmana iz
ploce je odliven medijum, a bunari su isprani PBS-om i na taj
nacin su odstranjene odlepljene, mrtve celije. Adherentne Celije
su fiksirane metanolom u trajanju od 15 minuta na sobnoj tem-
peaturi, a zatim su bojene 1% rastvorom kristal violeta u PBS-u,
takode 15 minuta na sobnoj temperaturi. Boja koja se nije vezala
ispirana je vodom, a boja ugradena u Celije je rastvorena 33%
rastvorom sircetne kiseline u vodi.

MTT je tetrazolijumska so Zute boje koja se u metabolicki ak-
tivnim celijama redukuje pomoc¢u mitohondrijskih dehidroge-
naza do ljubicastih nesolubilnih kristala formazana. Formazan
se rastvara rastvorom DMSO i intenzitet dobijene ljubicaste boje
je direktno proporcionalan aktivnosti mitohondrija, $to odgo-
vara broju Zivih Celija. Po zavrsetku kultivacije celija medijum
je odlivan i ¢elije su isprane PBS-om. Celije su zatim inkubi-
rane jedan sat na 37° C sa rastvorom MTT boje (0,5 mg/ml).
Nakon inkubacije boja je odlivena sa ¢elija, a kristali formazana
su rastvoreni pomoc¢u DMSO. Intenzitet dobijenih boja je me-
ren na automatskom citacu plo¢a za mikrotitraciju (Sunrise;
Tecan, Dorset, UK) na talasnoj duzini od 570 nm. Vijabilnost
tumorskih celija izrazena je kao procenat netretirane kontrole,
kojoj je arbitrarno dodeljena vrednost 100%. Eksperimenti su
uradeni u triplikatima.

Fazno-kontrastna mikroskopija

Morfoloske promene misje fibrosarkomske Celijske linije L929
su analizirane i ¢elije su fotografisane nakon 24 sata tretmana
pomocu mikroskopa Leica DCF320 (Leica Microsystems DMIL,
Wetzlar, Nemacka) opremljenog kamerom Leica Microsystems
DFC320 i softverom Leica Application Suite (verzija 2.8.1), pri
¢emu je izabrano uveli¢anje od 20x.

Statisticka analiza

Softverski program SPSS (ver. 20, IBM Corp., Armonk, Njujork,
SAD) primenjen je za statisticku analizu. Sapiro-Vilkov test je
kori$¢en za proveru normalnosti raspodele podataka. Nakon
toga je primenjena jednosmerna analiza varijanse (ANOVA) sa
Bonferonijevim post-hok testom za poredenje dobijenih vred-
nosti radiokontrastnosti i citotoksi¢nosti (p < 0,05).

REZULTATI

Primena Sapiro-Vilkovog testa normalnosti je pokazala da su
dobijeni podaci normalno distribuirani te su podvrgnuti jed-
nosmernoj analizi varijanse (ANOVA) pra¢enoj Bonferonijevim
testom.



Rezultati procene rendgenkontrastnosti su predstavljeni na
Slici 1. Primena ANOVA testa pokazala je da je dodavanje razli-
¢itog procenata rendgenkontrastnog sredstva uticalo na stepen
rendgenkontrastnosti. Najniza vrednost rendgenkontrastnosti
izmerena je u PC i nije se statisticki razlikovala od cementa
sa dodatkom CS + 10% SrCO,, ali se statisticki razlikovala od
svih ostalih ispitivanih cementa. S druge strane, vrednost ren-
dgenkontrastnosti MTA bila je statisticki veca od svih ostalih
cementa. Rezultati su pokazali da je 30% teZinskog dodatka
SrCO, obezbedilo cementu ALBO-DENT rendgenkontrastnost
od 3,45 £+ 0,09 mm Al, §to je u skladu sa zahtevima ISO 6876
standarda, dok dodavanje 10%, odnosno 20% SrCO, nije bilo u
skladu sa zahtevima ISO standarda od 3 mm Al (1,79 + 0,06 mm
Al, 2,3 + 0,07 mm Al, za 10%, odnosno 20%).

Rezultati citotoksi¢nosti prikazani su na Slici 2 (KV) i Slici
3 (MTT), a reprezentativne fotografije Celija tretiranih ¢istim
ekstraktima ispitivanih materijala posmatranih fazno-kontra-
stnom mikroskopijom prikazane su na Slici 4. Jednosmerna
analiza varijanse je pokazala da za podatke dobijene KV testom
postoji statisticka razlika izmedu ispitivanih materijala nakon
24 sata (Cisti ekstrakti, 1: 211 : 4), 48 sata (Cisti ekstrakti, I : 2
i1:4)172sata (Cisti ekstraktiil: 2) (p < 0,05). Za podatke
dobijene MTT testom ista analiza je pokazala statisticku razliku
u svim vremenskim tackama za ¢ist ekstrakt, kaoil:2i1:4
razblazenja (p < 0,05), dok znacajnost nije uo¢enazal:8,1:16
i1:32 razblazenja (p > 0,05). Rezultati dobijeni KV i MTT
testovima su izuzetno komplementarni. Cisti ekstrakt cementa
ALBO-DENT je pokazao znacajno manju citotoksi¢nost u po-
redenju sa PCi MTA, u svim pracenim vremenima. Razblazenje
MTA 1 : 2 je pokazalo proliferativni potencijal nakon 24 sata.
Razblazenje PC1:2 11 :4 je potenciralo proliferaciju ¢elija
nakon 48 sata, dok ostala razblaZenja (1:8,1:161i1:32) nisu
pokazala statisticki znacajan uticaj na Celijsku vijabilnost.

U skladu sa rezultatima dobijenih testova za ispitivanje ce-
lijskog vijabiliteta, tretman celija L929 sa Cistim ekstraktom ce-
menta ALBO-DENT tokom 24 sata nije uticao na morfologiju
Celija, ali je blago inhibirao ¢elijsku proliferaciju. S druge strane,
disti ekstrakti MTA i PC izazvali su morfoloske promene koje su
karakteristi¢ne za ¢elijsku smrt - Celije su u njihovom prisustvu
izgubile volumen, zaokruglile se i odvojile od podloge.

DISKUSIJA

Ova studija je pokazala da se SrCO, moZe koristiti kao rend-
genkontrastno sredstvo kod KS dentalnih cemenata. Pokazano
je da 30% tezinskog dodatka SrCO, zadovoljava ISO standarde
rendgenkontrastnosti i u isto vreme ova me$avina obogacena sa
30% SrCO, pokazuje zadovoljavajucu biokompatibilnost.

Ideja i razlog dodavanja SrCO, u KS dentalne cemente pro-
izilazi iz dva razloga. Prvo, stroncijum danas predstavlja $iroko
prihvaceni bioaktivni sastojak mnogih stomatoloskih materija-
la, kao i biomaterijala u ortopedskoj hirurgiji. Takode, savreme-
ne strategije za povecanje bioaktivnosti povrsina titanijumskih
implantata uklju¢uju njihovo presvlacenje filmovima na bazi
stroncijuma. Drugo, stroncijum je sa razlogom odabran u for-
mi karbonata jer dodavanje kalcijum-karbonata u KS cemente
skracuje vreme oc¢vr$¢avanja, $to je postignuto kod biodentina
(Septodont, Francuska) [27].
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Rezultati rendgenkontrastnosti su pokazali da je 30% do-
datka SrCO, neophodno da se postigne Zeljena rendgenkon-
trastnost ALBO-DENTA. Rendgenkontrastnost ALBO-DENTA
je bila niZza nego $to je prethodno pronadeno za CS+30% Bi, O,
(~11 mmAl) i CS+25%Bi,0, (6,9 mmAl) [28]. Rezultati istrazi-
vanja u vezi sa MTA (6,9 mmaAl) slaZu se sa prethodnim istraZi-
vanjima: 4,86, 6,74,7,0,7,51 8,0 mmAl [28-31]. PC nije ispunio
ISO standard rendgenkontrastnosti, $to je u saglasnosti sa pret-
hodnim studijama (~0,9 mmaAl) [28, 29]. Uticaj dodataka SrCO,
na rendgenkontrastnost endodontske keramike nije do sada
pominjan u literaturi. Razlike u rezultatima dobijenih vredno-
sti rendgenkontrastnosti poti¢u od razlicitih atomskih brojeva
sastojaka [32]. Naime, atomski broj sastojaka je u direktnoj vezi
sa apsorpcijom x-zraka. Atomski broj stroncijuma (Z = 40) nizi
je od atomskog broja bizmuta (Z = 83) i zbog toga je neophodno
dodati vise SrCO, kako bi se zadovoljili zahtevi ISO standarda.
Ovo nema negativnu ulogu u slucaju SrCO, kao kod drugih
dodatih rendgenkontrastnih sredstava (na primer bizmut) jer
se stroncijum moze smatrati ne samo bioloski bezbednim ve¢
i bioloski aktivnim sastojkom.

Bioloska bezbednost stomatoloskih materijala je od izuzetne
vaznosti. Zbog toga se in vitro i in vivo testovi rutinski prime-
njuju za ispitivanje citotoksi¢nosti materijala pre njihove upo-
trebe u klinickoj praksi. Testovi citotoksi¢nosti su izvedeni na
meSavini koja je pokazala odgovarajucu vrednost rendgenkon-
trastnosti (30% tezinski dodatka SrCO,).1SO 10993-5 propisuje
da se material moze smatrati necitotoksi¢nim ukoliko uzrokuje
smrt manje od 30% celija u in vitro uslovima. U ovoj studiji
kori$¢ena su dva testa za ispitivanje citotoksi¢nosti: MT'T, koji
meri mitohondrijalnu aktivnost ¢elija i KV, koji odreduje broj
adherentnih Zivih celija. Pokazano je da novi eksperimental-
ni cement ALBO-DENT pokazuje zadovoljavajuce ponasanje
u Celijskoj kulturi, uporedljivo sa PC i MTA. Dobijeni rezulta-
ti pokazuju znacajno nizi procenat Zivih ¢elija kod tretmana
MTA/PC-om nego u drugim istrazivanjima (80-150%) [7, 33,
34], ali su u saglasnosti sa rezultatima drugih studija [35, 36].
Kod 1:21i1:4razblazenja PC/MTA,KV i MTT testovi pokazali
su sli¢ne rezultate i takode su u saglasnosti sa podacima koji
se navode u literaturi 7, 37]. Razlike u Celijskoj vijabilnosti u
razli¢itim studijama mogu da proisteknu iz razlika u veli¢ini
kori$¢enih uzoraka (5 x 3 mm [37],5 x 2 mm [12]i5 x 1 mm
[29]). NiZe vrednosti za ¢iste ekstrakte PC i MTA mogu da budu
predmet debate, ali su najverovatnije posledica visoke alkalnosti
eluata u zatvorenom in vitro Celijskom sistemu. MoZe se pretpo-
staviti da u situacijama u kojima je obezbeden dotok te¢nosti
ovi materijali ne bi pokazali negativan efekat na okolno tkivo.
U svakom slucaju, novosintetisani cement ALBO-DENT je po-
kazao superiornije osobine u odnosu na komercijalno dostupni
ProRoot MTA.

Sa klinicke tacke gledista, novi eksperimentalni materijal
na bazi KS moze da ima izvesne prednosti buduéi da dodatak
stroncijuma moze da poboljsa zaceljenje kostanog tkiva nakon
periapeksnog hirur$kog zahvata aktivirajudi osteoblaste [22,23,
24]. Takode, ukoliko se koristi za direktno prekrivanje pulpe,
on moze da stimuliSe osteoblaste u smislu brzeg formiranja
tercijarnog dentina. Ove pretpostavke bi trebalo da se potvrde
upotrebom savremenih procedura koje su trenutno u toku.
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ZAKYUCAK

Novosintetisani cement na bazi KS sa 30% tezinskim dodatkom
SrCO, kao rendgenkontrastnog sredstva zadovoljava zahteve
standarda ISO za kontrastnost. Biokompatibilnost novosinte-
tisanog cementa na osnovu analize Celijskog vijabiliteta me-
renjem broja adherentnih celija i aktivnosti mitohondrijalne
dehidrogenaze je zadovoljavajuca i ukazuje na njegovu biolosku
bezbednost.
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SUMMARY

Introduction Dental caries is, along with periodontitis, the most frequent oral disease and represents a chronic, pro-
gressive, multifactorial process that leads to loss of hard dental tissues. The oral health status analysis and caries risk
factors assessment in early childhood and adolescence are necessary for creating strategies in oral health promotion
and preventive treatment.

The aim of the present study was to evaluate caries prevalence in 12 and 15-year-old schoolchildren in Cukarica, a
municipality of Belgrade.

Material and method The retrospective study included 409 schoolchildren of both genders. The oral health status
was registered using the Klein-Palmer DMFT system (D — Decayed, M — Missing, F — Filled teeth). The methods of
descriptive statistics were performed and p-values lower than 0.05 were considered statistically significant.

Results The younger group included 214 children (52.3%) and the older group 195 (47.7%). Individual caries rate
was higher in 15-year-old children (81.02%) comparing to 12-year-old (57%). The mean value of decayed teeth for all
participants was 2.43 and of total DMFT was 8.99%.

Conclusions Oral health promotion programs gave positive results. Moreover, it is important to implement them in
the underdeveloped regions of Serbia with an improvement of the oral health literacy of parents and raising aware-

ness of oral diseases.

Keywords: oral health; health promotion; dental caries assessment; risk factors; education

INTRODUCTION

Oral diseases have been identified as one of the global
public health issues related to health, psychosocial and
economic aspects [1]. Tooth decay is, along with peri-
odontal disease, the most frequent oral disease and rep-
resents a chronic, progressive, multifactorial process that
leads to loss of dental hard tissues. Its etiology is complex
and includes several factors, predominantly the presence
of fermentable carbohydrates, host factors, and cariogenic
microbial flora [2, 3] However, there are also ‘micro fac-
tors’ that are related to individual level and family and
‘macro factors that are referred to social, economic, and
cultural features of the country [4]. Caries shares com-
mon risk factors with some chronic, non-communicable
diseases such as obesity, diabetes, cardiovascular and cere-
brovascular disorders [3].

Childhood is a period of constant learning and so-
cial, cognitive, emotional, and educational development.
Consequently, it is essential to embrace positive habits
and attitudes towards oral health and oral hygiene in
schoolchildren population. Caries prevalence, strategies
for its prevention and diagnosis, treatment, and potential
complications of caries lesions are subjects of many epi-
demiological and clinical studies [2].

Literature data indicate that some European countries
and the United States of America have achieved signifi-
cant results in caries prevention due to effective preven-
tive programs and oral health education. Also, it has been
shown that dental caries affects unequally countries with
different socioeconomic status, with a higher prevalence
in areas with a poorer socioeconomic indicator [5].

Caries prevention programs have the most efficient
and long-term results. It is very important to analyze
oral health status and identify potential risk factors for
caries development in early childhood and adolescence.
Obtained epidemiological data is indispensable for cre-
ating specific strategies in oral health promotion and
preventive treatment [2]. Some authors suggest that the
highest caries prevalence in permanent dentition is be-
tween 15 and 19 years [6]. Oral health status in 12-year-
old children is considered a referent caries indicator in
the population and is globally used in different research
for evaluation of the success of preventive programs and
comparison of the results [3].

The aim of the present study was to evaluate car-
ies prevalence in 12 and 15-year-old schoolchildren in
Cukarica, a municipality of Belgrade.

Address for correspondence: Milena MILANOVIC, University of Belgrade, Faculty of Dental Medicine, Clinic for Pediatric
and Preventive Dentistry, Belgrade, Serbia; milenamil92@gmail.com
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MATERIAL AND METHOD

The retrospective study included 409 schoolchildren of
both genders, from two elementary schools located in
Cukarica, one of the municipalities of Belgrade. They were
all patients of Community health center Sremcica where a
specialist in preventive and pediatric dentistry performed
regular dental examinations. Their dental charts were an-
alyzed and oral status characteristics gathered and regis-
tered using the Klein-Palmer DMFT system (D — Decayed,
M - Missing, F - Filled teeth) [7].

Data were analyzed using SPSS Statistics 22 software
(SPSS Inc., Chicago, IL, USA). The methods of descrip-
tive statistics and testing statistical hypotheses were per-
formed. For testing statistical significance among numeric
variables, t-test was used, while for categorical variables
chi-square test was done. P-values lower than 0.05 were
considered statistically significant.

RESULTS

The present study included 409 schoolchildren located
in Cukarica, one of the municipalities of Belgrade. In the
12-year-old group there were 214 children (52.3%) and in
the 15-year-old group 195 (47.7%). Gender distribution
in the younger group was 113 males and 101 females and
in the older group 104 males and 91 females (Figure 1).

In total, 31.54 % of children were caries-free
(DMFTscore 0) and 68.46% had cavitated caries lesions
on the permanent teeth. In 12-year-old schoolchildren,
the percentage of children with decayed teeth was 57%.
Number of males with all healthy teeth was 48, and fe-
males 44. On the other hand, number of children with
caries lesions was higher, 65 males and 57 females (Figure
2).In 15-year-old schoolchildren, only 19.2% of them had
all healthy teeth and 82.3% had cavitated caries lesions
on their permanent teeth. Number of children with all
healthy permanent teeth was similar in males and fe-
males, 19 and 18, respectively. Number of schoolchildren
with decayed permanent teeth was 85 males and 73 fe-
males (Figure 3).

Individual caries rate, as one of the most important
caries prevalence indicators, was higher in 15-year-old
children (81.02%) comparing to 12-year-old (57%) and
this was statistically significant (p<0.001). Separated anal-
ysis in each group showed that in 12-year-old children, in-
dividual caries rate was higher in males (57.52%) compar-
ing to females (56.44%), without statistical significance
(p=0.839). Similar findings were in the other group; it
was also higher in males (81.73%) than in females (80.22).
This difference was statistically significant (p=0.026).

The mean value of total DMFT was 8.99%. This value
was higher in 15-year-old schoolchildren (11.06%) com-
paring to 12-year-old children (6.40%). DMFT gender
distribution was different between groups, in younger
schoolchildren group, this value was slightly higher in
males (6.43%) comparing to females (6.35%) and in
the older group it was lower in males (10.65%) than fe-
males (12.79%). The mean value of decayed teeth for all
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Figure 1. Distribution of children according to gender and age
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participants was 2.43. In 12-year-old children, the mean
value of decayed teeth was 1.66 and in the older group it
was higher (3.26), and this was found to be statistically
significant (t=-6.346, p<0.001).In 12-year-old females the
mean value of decayed teeth was 1.65 and males 1.67. In
the other schoolchildren group, it was 3.58 for females
and 2.98 for males.

The mean value of DMFT in 15-year-old females was
significantly higher compared to the 12-yer-old females
(t=-4.836, p<0.001). The decayed (D) component of
the DMFT index was dominant among other variables
(52.08%). The percentage of filled teeth was 37.80% and
the percentage of extracted teeth due to caries compli-
cations was 6.3%. Decayed permanent teeth were more
present in the older group (62.60%) compared to the
12-year-old schoolchildren (42.50%), and it was statis-
tically significant (chi-square=16.420, p<0.001). Even
though obtained DMFT values were higher in 15-year-old
females than 12-year-old females with statistically signif-
icant difference (t=-4.836, p<0.001), that difference was
not found in the number of missing teeth among these
two groups of schoolchildren even though 15-year-old
children had more extracted teeth (13.3%) compared to
12-year-old children (9.8%).

The percentage of filled teeth (F) was higher in the
older schoolchildren group (48.7%) than younger group
(29.4%) and this difference was statistically significant
(chi-square=15.995, p<0.001).

DISCUSSION

This study, conducted in the scope of the Belgrade mu-
nicipality of Cukarica, included schoolchildren aged 12
and 15. Oral status of 12-year-olds has been the subject
of many studies around the world since, according to
the recommendation of the World Health Organization
(WHO), children of this age are considered a standardized
group for monitoring oral health, both due to the pres-
ence of permanent dentition and the fact that habits of
preserving oral health are already formed [7]. In order to
understand epidemiological situation of oral health bet-
ter, it was important that children aged 15 were included
in this research as the consequences of bad habits can
already be noticed at this age [8]. Of the total number of
children examined, 31.54% had all healthy teeth present.
This data coincides with the research conducted on the
territory of our country, that analyzed the state of oral
health in children and youth [3].

If these results are compared with those in developed
countries of Europe, such as Germany (ACI only 0.5 and
with the tendency to decrease), Spain, where the value of
the ACI index for 12-year-olds is 0.82, and for 15-year-
olds 1.38, that is, countries in Asia, e.g. China (1.14),
and Malaysia (1.36), it is quite clear that the Republic of
Serbia is still in the group of countries with a high dis-
tribution rate of caries. [9.10] Among the countries with
low values, the ACI particularly singles out Nigeria with
a score of 0.16 [11]. However, it should be noted that
compared to the countries in the environment, Serbia is
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showing significant progress. The average value of ACI
in Montenegro is 3.43, in Bosnia and Herzegovina it is
4.89 in urban areas, and up to 6.74 in rural areas of BiH
[12,13]. Also among the countries with high values of the
average caries index is Poland with a value of 4.2 and Iran
with 3.35 [14, 15].

The Average Caries Index (ACI) for both age groups
was 2.43, which indicates that caries in our area is per-
manently present and that fact represents a serious social
and medical problem affecting the country.

If we compare these results obtained in the scope of one
Belgrade municipality (2.43) with those recorded in the
southern Serbia (4.22), it can be concluded that there is a
difference between the caries index in children living in
urban areas and children from rural areas [16]. It should
be taken into account that many measures have been tak-
en in the past decade to improve oral health of children
in Serbia, especially in the field of prevention [17]. WHO
expectations were that by 2020, the value of ACI in twelve-
year-olds would be below 1.5 [18]. Our results obtained
from the systematic review of the 2019/2020 school year,
indicated that we are approaching the achievement of the
set goal and that the average values of the caries index, in
respondents aged 12, was 1.66.

WHO’s study on the health behavior of young peo-
ple aged 11, 13 and 15 (Health Behavior in School-aged
Children; HBSC) was implemented in 49 countries around
the world, including Serbia. According to the data for
Serbia from 2018, 70.9% of the respondents stated that
they brush their teeth more than once a day (82.6% girls
and 59.9% boys), which goes in favor of schoolchildren in
Serbia who have higher level of brushing culture compared
to their peers from other countries in our region [19].

CONCLUSION

The results of this retrospective study showed that the
presence of caries in schoolchildren aged 12 and 15 years
was found in two-thirds of respondents (68.46%). In the
group of 12 years, caries was present in 122 subjects
(57%), while in 15-year-old children it was found in 158
subjects (82.3%).

The strategy of education, promotion of oral health,
as well as the application of preventive and prophylactic
measures should be implemented in less developed parts
of Serbia. Intensive education of young parents is nec-
essary for raising health awareness to achieve the same
level of oral health as in developed countries of the world.
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KRATAK SADRZA)

Uvod Karijes je, pored parodontopatije, jedno od dva najucestalija oralna oboljenja i predstavlja hroni¢no, progresivno oboljenje
tvrdih zubnih tkiva kompleksne etiologije. Analiza stanja oralnog zdravlja i identifikovanje faktora rizika za nastanak karijesa u
decjem uzrastu i adolescenciji su osnove preventivnih programa.

Cilj ovog istrazivanja je bio da se utvrdi ucestalost karijesa kod $kolske dece uzrasta 12 i 15 godina na teritoriji opstine Cukarica.
Materijal i metode Retrospektivinom studijom obuhvaceno je 409 dece, oba pola. Procena rasprostranjenosti karijesa je registrovana
pomo¢u Klajn—-Palmerovog sistema kroz KEP indeks (K- karijes, E — ekstrahovan zub, P — plombiran zub). Za analizu podataka
koris¢ene su metode deskriptivne statistike, a statisticke vrednosti su testirane na nivou statisticke znacajnosti od 0,05.

Rezultati Grupa dece od 12 godina obuhvatila je 214 (52,3%) ispitanika, a grupa dece od 15 godina 195 (47,7%) ispitanika. Vred-
nosti karijes indeks osoba (Kio) bile su vece kod dece uzrasta 15 godina (81,02%) u odnosu na uzrast od 12 godina (57%). Ukupan
karijes indeks zuba (Kiz) za sve ispitanike iznosio je 8,99%, a prosecan broj obolelih stalnih zuba po jednom ispitaniku (Kip) kod
svih testiranih iznosio je 2,43.

Zakljucak Primenjene mere za poboljSanje i unapredenja oralnog zdravlja dece postepeno daju rezultate. Promociju oralnog zdravlja
je neophodno sprovesti i u slabije razvijenim delovima Srbije uz intenzivnu edukaciju mladih roditelja radi podizanja zdravstvene

svesti i oCuvanja oralnog zdravlja dece.

Kljucne reci: oralno zdravlje; karijes indeksi; promocija zdravlja; faktori rizika; edukacija

uvoD

Oboljenja usta i zuba su oznacena kao jedan od globalnih jav-
nozdravstenih problema vezanih za zdravstveni, psihosocijalni
i ekonomski aspexkt [1]. Karijes je, pored parodontopatije, naj-
ucestalije oralno oboljenje i predstavlja hroni¢nu, progresivinu
destrukciju tvrdih zubnih tkiva sa vrlo kompleksnom etiolo-
gijom. Kao primarni faktori u nastanku karijesa izdvajaju se
karakteristike domacina, specifi¢nosti mikroflore usne duplje
i nadin ishrane [2, 3]. Medutim, danas se sve vi$e paznje po-
svecuje takozvanim ,mikrofaktorima“ koji deluju na nivou
pojedinca, odnosno ,,makrofaktorima“ koji obuhvataju uticaj
zajednice i socioekonomske parametre drzave [4]. Faktori rizika
za nastanak karijesa uglavnom su povezani sa nekim drugim
hroni¢nim, nezaraznim bolestima kao $to su gojaznost, dijabe-
tes, kardiovaskularna i cerebrovaskularna oboljenja [3].

S obzirom na to da je detinjstvo period intenzivnog ucenja
i usvajanja pozitivnih navika i stavova, vazno je naglasiti da
je briga za oralno zdravlje neophodna tokom ¢itavog Zivota, a
pogotovo u najmladoj populaciji. Ucestalost karijesa i njegove
potencijalne komplikacije su razlog velikog broja istrazivanja
koja se bave njegovom prevalencijom, merama prevencije, od-
nosno pravovremenom dijagnostikom i terapijom [2].

Dosadasnja istrazivanja pokazuju da su pojedine zemlje
Evrope, kao i Sjedinjene Americke Drzave, postigle znacajne
rezultate u prevenciji karijesa zahvaljuju¢i pre svega konti-
nuiranom sprovodenju preventivnih programa i programa
zdravstvenog vaspitanja. Studije su takode pokazale da slabije
razvijene zemlje imaju znatno vecu ucestalost karijesa u odnosu
na razvijenije [5].

Preventivne mere imaju najdugoro¢niji efekat i zato je neop-
hodno analizirati stanje oralnog zdravlja i identifikovati fakto-
re rizika za nastanak karijesa u de¢jem uzrastu i adolescenciji.

Dobijeni epidemiolo$ki podaci mogu predstavljati polaznu
osnovu za izradu odgovaraju¢ih preventivnih programa [2].
Istrazivanja ukazuju da je najveca ucestalost karijesa na stal-
nim zubima na globalnom nivou u periodu od 15.do 19. godine
[6]. Stanje oralnog zdravlja dece uzrasta od 12 godina smatra
se referentnim pokazateljem u odredenoj populaciji i sluzi kao
parametar za razlicita istrazivanja, medunarodna poredenja,
pradenje i evaluaciju preventivnih programa [3].

Cilj ovog istrazivanja je bio da se utvrdi ucestalost karijesa
kod $kolske dece uzratsa 12 i 15 godina na teritoriji beogradske
opstine Cukarica.

MATERIJAL | METOD

Retrospektivnom studijom obuhvaceno je 409 dece, oba pola,
iz dve osnovne skole, koja Zive na teritoriji beogradske opstine
Cukarica. Svi oni su redovno kontrolisani od strane decjeg sto-
matologa u stomatolo$koj ambulanti doma zdravlja Sremcica.
Analizom podataka iz stomatoloskih kartona pacijenata re-
gistrovana je rasprostranjenost karijesa. Podaci o prisutnim
karijesnim, ekstrahovanim i plombiranim zubima su registro-
vani pomocu Klajn— Palmerovog sistema DMF (D - Decayed,
M - Missing, F - Filled), koji je kod nas preveden kao KEP (K
- karijes, E — ekstrahovan zub, P - plombiran zub) [7].

Za analizu podataka kori$¢ene su metode deskriptivne sta-
tistike i metode za testiranje statistickih hipoteza. Za testiranje
znacajnosti razlike srednjih vrednosti numerickih obelezja ko-
ridcen je t-test, a za utvrdivanje razlike u ucestalosti kategorij-
skih varijabli hi-kvadrat test. Statisticke vrednosti su testirane
na nivou statisticke znacajnosti od 0,05. Za statisticku obradu
rezultata kori$¢en je softverski program SPSS Statistics 22 (SPSS
Inc., Chicago, IL, USA).
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REZULTATI

U istrazivanju je ucestvovalo 409 dece iz beogradske opstine
Cukarica. Grupa dece od 12 godina obuhvatila je 214 ispitanika
(52,3%), a grupa dece od 15 godina 195 ispitanika (47,7%). U
grupi ispitanika od 12 godina bilo je 113 dece muskogi 101 dete
zenskog pola, a u grupi od 15 godina 104 muskog i 91 Zenskog
pola (Grafikon 1).

0d ukupng broja ispitanika procent dece sa svim zdravim
zubima iznosio je 31,54%, a sa obolelim stalnim zubima 68,46%.

U uzrastu dece od 12 godina procent dece sa svim zdravim
zubima iznosio je 43%,a sa obolelim 57%. Kod muskog pola 48
dece je bilo sa svim zdravim zubima, a 65 sa obolelim stalnim
zubima. Kod Zenskog pola 44 ispitanika su imala sve zdrave
zube, a njih 57 obolele stalne zube (Grafikon 2).

U uzrastu od 15 godina procenat dece sa svim zdravim zu-
bima je iznosio 19,2%, a sa obolelim 82,3%. Kod muskog pola
samo 19 ispitanika je bilo sa svim zdravim zubima, a 85 ispitani-
ka sa obolelim stalnim zubima. Kod Zenskog pola 18 ispitanika
je imalo sve zdrave zube, a 73 ispitanika obolele stalne zube
(Grafikon 3).

Vrednosti Kio, kao glavnog pokazatelja frekvence karijesa
medu ispitanicima, bile su vece kod dece uzrasta 15 godina
(81,02%) u odnosu na uzrast od 12 godina (57%), i ta razlika
je bila statisti¢ki znacajna (p < 0,001). Odvojenom analizom
unutar starosnih grupa utvrdeno je da je u grupi dece od 12
godina vrednost Kio bila ve¢a kod decaka (57,52%) u odnosu
na devojcice (56,44%), ali bez statisticke znacajnosti (p = 0,839).
Sli¢no je bilo u grupi od 15 godina, gde je Kio bio ve¢i kod de-
¢aka (81,73%) nego kod devojéica (80,22%). Ova vrednost bila
je statisti¢ki znacajna (p = 0,026).

Ukupan Kiz za sve ispitanike iznosio je 8,99%. Vrednisti
Kiz-a bile su vece kod petnaestogodi$njaka (11,06%) u odnosu
na dvanaestogodis$njake (6,40%). U grupi dvanaestogodisnjaka
vrednosti Kiz indeksa bile su neznatno vece kod decaka (6,43%)
u odnosu na devojcice (6,35%), dok su kod petnaestogodisnjaka
ove vrednosti bile vece kod devoj¢ica (12,79%) u odnosu na
vrednosti kod de¢aka (10,65%).

Prosecan broj obolelih stalnih zuba po jednom ispitaniku
(Kip) kod svih testiranih iznosio je 2,43. Prose¢na vrednost
Kip-a kod dece uzrasta 12 godina iznosila je 1,66, a kod dece
uzrasta 15 godina 3,26. Prose¢na vrednost Kip-a dece starosti
15 godina bila je statisticki znacajno ve¢a u odnosu na decu
starosti 12 godina (t = -6,346, p < 0,001).

Prosec¢na vrednost Kip-a kod devojcica uzrasta 12 godina
iznosila je 1,65, a kod decaka 1,67, dok je kod devojcica od 15
godina ona iznosila 3,58, a kod decaka 2,98.

Prosec¢na vrednost KEP-a devojcica starosti 15 godina je sta-
tisticki znac¢ajno ve¢a u odnosu na devojcice starosti 12 godina
(t=-4,836,p < 0,001).

Za utvrdivanje karijesnog statusa stalnih zuba koricen je
indeks KEP (karijesni, ekstrahovani, plombirani zubi), pri ¢emu
se nesanirani karijes (52,08%) isti¢e kao dominantno obelez-
je medu varijablama indeksa KEP. Procentualna zastupljenost
saniranih karijesnih lezija iznosila je 37,80%, a procenat ekstra-
hovanih zuba 6,3%. Nesanirane karijesne lezije bile su procentu-
alno vece kod ispitanika uzrasta 15 godina (62,60%) u odnosu
na ispitanike od 12 godina (42,5%), sa statisticki zna¢ajnom
razlikom (hi-kvadrat = 16,420, p < 0,001). Dobijene vrednosti
KEP-a bile su vece kod devoj¢ica uzrasta 15 godina u odnosu

na devojcice od 12 godina i ove vrednosti su bile statisticki zna-
¢ajne (t =-4,836,p < 0,001).

Medutim, nije postojala statisticki znacajna razlika u odnosu
na broj ekstrahovanih zuba izmedu dece razli¢itog uzrasta, iako
su deca uzrasta 15 godina imala nesto ve¢i procenat izvadenih
zuba (13,3%) u odnosu na decu od 12 godina (9,8%).

Procenat saniranih karijesnih lezija (P) bio je ve¢i kod dece
uzrasta 15 godina (48,7%) u odnosu na decu od 12 godina
(29,4%) 1 ova razlika je bila statisti¢ki znac¢ajna (hi-kvadrat =
15,995, p < 0,001).

DISKUSIJA

U ovu studiju, sprovedenu na teritoriji beogradske opstine
Cukarica, uklju¢ena su $kolska deca starosti 12 i 15 godina.
Oralni status kod dvanaestogodi$njaka predmet je istraziva-
nja mnogih studija Sirom sveta jer se prema preporuci Svetske
zdravstvene organizacije (SZO) deca ovog uzrasta smatraju
standardizovanom grupom za pracenje oralnog zdravlja, kako
zbog prisutne stalne denticije tako i zbog ¢injenice da su u
tom uzrastu ve¢ uveliko formirane navike koje se ti¢u ocuva-
nja oralnog zdravlja. Zarad boljeg sagledavanja epidemioloske
situacije oralnog zdravlja bitno je bilo ukljuciti u istrazivanje i
decu starosti 15 godina kod kojih se ve¢ mogu uociti posledice
losih navika [8]. Od ukupnog broja pregledane dece, 31,54%
imaju prisutne sve zdrave zube. Ovaj podatak se podudara sa
istrazivanjem koje je sprovedeno na teritoriji nase zemlje, a koje
se bavi stanjem oralnog zdravlja dece i omladine [3].

Prose¢ni Kip za obe starosne grupe ove studije iznosi 2,43,
$to ukazuje na to da je karijes na na$im prostorima perma-
nentno prisutan i da predstavlja ozbiljan socijalno-medicinski
problem sa kojim se Republika Srbija suocava.

Ako se ovi rezultati uporede sa vrednostima Kip-a u razvi-
jenijim zemljama Evrope, poput Nemacke (Kip svega 0,5 i sa
tendencijom smanjenja), Spanije, gde je vrednost Kip indeksa
za dvanaestogodi$njake 0,82, a za petnaestogodisnjake 1,38, od-
nosno zemljama Azije, npr. Kinom (Kip 1,14),1 Malezijom (Kip
1,36), sasvim je jasno da se Republika Srbija jo§ uvek nalazi u
redu zemalja sa visokom stopom rasprostranjenosti karijesa [9,
10]. Medu zemljama sa niskim vrednostima Kip indeksa poseb-
no se izdvaja Nigerija sa rezultatom od 0,16 [11]. Medutim, tre-
ba napomenuti da u poredenju sa zemljama u okruzenju Srbija
pokazuje znacajan napredak. Prose¢na vrednost Kip-a u Crnoj
Gori iznosi 3,43, u Bosni i Hercegovini 4,89 u urbanim sredi-
nama, a do 6,74 u ruralnim sredinama BiH [12, 13]. Takode, u
red zemalja sa visokim vrednostima Kip-a spadaju Poljska sa
vredno$c¢u od 4,2 i Iran sa 3,35 [14, 15].

Ako se uporede ovi rezultati dobijeni na podruéju jedne be-
ogradske opstine (2,43) sa onim zabelezenim u juznoj srpskoj
pokrajini (4,22), mozZe se zaklju¢iti da postoji razlika izmedu
karijes indeksa kod dece koja Zive u urbanim sredinama i dece
iz ruralnih sredina i u R. Srbiji [16]. Ne treba izgubiti iz vida da
su u protekloj deceniji preduzete mnoge mere zarad poboljSanja
oralnog zdravlja dece u Srbiji, posebno na polju prevencije [17].
Ocekivanja SZO su bila da do 2020. godine vrednost Kip-a kod
dvanaestogodi$njaka bude ispod 1,5 [18]. Nasi rezultati dobijeni
na osnovu sistematskog pregleda skolske 2019/2020. ukazuju
da se blizimo ostvarenju zadatog cilja i prose¢nim vrednostima
karijes indeksa, kod ispitanika od 12 godina od 1,66.



Istrazivanje SZO o zdravstvenom pona$anju mladih uzra-
sta 11,131 15 godina (engl. Health Behaviour in School-aged
Children; HBSC) sprovodi se u 49 zemalja sveta, medu kojima
jeiSrbija. Prema podacima za Srbiju iz 2018. godine, 70,9% ispi-
tanika se izjasnilo da zube pere vide od jednom dnevno (82,6%
devojcicai59,9% decaka), $to govori u prilog tome da Skolarci

.....

svoje vré$njake iz susednih zemalja [19].
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ZAKLYUCAK

Rezultati ove retrospektivne studije pokazali su da je ucestalost
karijesa kod $kolske dece uzrasta 12 i 15 godina registrovana
kod dve trecine ispitanika (68,46%). U grupi od 12 godina kari-
jes je bio prisutan kod 122 ispitanika (57%), a kod dece uzrasta
15 godina kod 158 ispitanika (82,3%).

Strategiju edukacije, promocije oralnog zdravlja, kao i prime-
na preventivnih i profilakti¢kih mera treba sprovesti i u slabije
razvijenim delovima Srbije. Neophodna je intenzivna edukacija
mladih roditelja radi podizanja zdravstvene svesti kako bi se po-
stigao nivo oralnog zdravlja kao i u razvijenim zemljama sveta.
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How to prevent fracture of NiTi files
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SUMMARY

More certain therapeutic and significantly facilitated solution of everyday endodontic problems are provided by the
introduction of NiTi rotary files in endodontic practice and their proper application. However, their widespread use
has caused more and more frequent fractures and has become a significant frustrating factor that diminishes their
numerous benefits. Torsional stress and cyclic fatigue are the main reasons for the occurrence of a fracture, and the
frequency of NiTi file fractures is exactly proportional to the degree of bending of the canal, knowledge of the features
of the file, ie. the skill and expertise of the therapist. The most dominant factor for the occurrence of fractures is the
dentist who, in addition to manual dexterity, must have a good knowledge of the anatomy of various canal systems
and file design in order to make the best choice for each individual case. Properly formed access cavity and knowledge
of the working part of NiTi files enable maximum realization of endodontic skills, increased efficiency of intervention
and reduced possibility of error during canal instrumentation. The special treatment of NiTi alloy and new solutions
related to the design of the working part have significantly increased file flexibility and resistance to cyclic fatigue. Spe-
cific design (reduced number of threads, change of conicity, interruption of blade continuity), reduced engagement of
file, ie. change of dynamics of movement in the canal (full rotation, reciprocal, eccentric, transaxial), as well as reduced
number of processing files, have also significantly influenced the reduction of fracture risks.

The aim of this paper was to analyze the most common reasons for the fracture of NiTi files and emphasize measures
and factors that can increase their safe use and reduce complications during canal instrumentation.

Keywords: NiTi files; fractures; file design; motion dynamics

INTRODUCTION

Endodontic treatment has become increasingly safe and
effective due to new concepts and methods of “cleaning”
and shaping the canal, ie. introduction of new files [1].
More certain therapeutic and significantly facilitated
solutions of everyday endodontic problems are provided
by the introduction of NiTi rotary files and their proper
application [1,2]. The use of these files, with limited speed
and marked flexibility, significantly accelerates canal in-
strumentation, but unexpected and sudden fractures are
still an important frustrating factor that diminishes their
numerous benefits [3, 4].

NiTi files have become the standard in endodontic dental
treatment over the last two decades and their widespread
use has caused more frequent fractures [3,5, 6]. It has been
confirmed that due to rotating, almost all sets of NiTi files
are subject to fractures, and that is more common during
instrumentation of curved canals [3, 6]. The main reasons
for the occurrence of fracture are torsional stress and cyclic
fatigue during canal instrumentation [7-10]. Torsional
stress occurs due to the friction of the files against the
walls of the canal when one part of the file is screwed
in the wall, and the other part continues to move, so the
fracture occurs due to exceeding the elastic limit [7, 8].
Cyclic fatigue is a consequence of the cumulative effect of
bending forces that are repeated in the same place (usually

in the area of the curve), so the file is alternately exposed
to tensile forces on the outside and compression forces on
the inside [9, 10]. It has been confirmed that NiTi files that
were previously exposed to torsional stress showed higher
resistance to cyclic fatigue, ie that files of smaller diameter
are generally more resistant to cyclic fatigue [11, 12].

Clinical studies have shown the frequency of fractures
of NiTi rotary files is 0.13-10%, and 0.25-6% for hand
files [13-17]. NiTi file fracture most often occurs during
endodontic treatment of molars (77-89%) with a higher
risk during treatment of the upper (50-55%) compared to
the lower molars (25-30%) [13, 15, 16]. In the upper molars,
the fracture most often occurs in the mesiobuccal canal
(distal curvature of the mesial root), and the lower molars
in the mesial canals due to distal and buccal curvature [13].

The frequency of NiTi file fracture is exactly propor-
tional to the curvature of the canal (7% in straight, 35% in
slightly curved and 58% in very curved canals), and most
often occurs in the apical segment (41-82.7%), then in the
middle third (14.8-32%) and least often in the coronal
third (2.5-20%) [13, 17].

In a study that examined the frequency of NiTi file
fractures in general dental and specialized endodontic
surgeries, 88.8% of dentists reported fractures, which were
much more common among endodontists who performed
multiple interventions and generally treated more severe
cases [18].
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The aim of this paper is to assess the most common
reasons for the occurrence of NiTi file fractures and empha-
size measures and factors that can increase the safety and
reduce possible complications during canal instrumentation.

Factors that influence the occurrence of NiTi file
fractures

File fractures seriously complicate and compromise end-
odontic treatment and its prognosis, and therefore require
various precautions [13]. Numerous studies have examined
factors that can affect the fracture of endodontic files
with the main goal of increasing the safety and reducing
possible complications during canal instrumentation [3,
6,9,10,11, 14, 17].

Different factors that can be classified into four categories,
affect the occurrence of NiTi file fractures: a) factors related
to the therapist (skill and expertise); b) anatomical factors
(access cavity and canal anatomy); c) factors related to the
file (material, design, production process) and d) technical
factors of instrumentation (dynamics of file movement,
irrigation, reuse, sterilization) [19-22].

In order to eliminate the risk of possible fractures and
deformations of NiTi rotary files during canal preparation,
dental technology has developed several new strategies in
creating and designing their working part (conicity, cross
section, working part design), special thermomechanical
procedures in alloy preparation, ie different kinetics of file
movement in the canal [1,9, 20,21, 22].

A dentist is certainly the most important and most
dominant factor influencing the appearance of defects
and fractures, ie. his knowledge, expertise and clinical
training. In addition to manual skills and knowledge of
instrumentation techniques, the practitioner must have
a good knowledge of the anatomy of different canal sys-
tems (number, arrangement, angle and diameter of canal
curvature, additional canals), or file design, to make the
best choice for each case [3, 16, 18]. Good planning and
detailed analysis of the course of endodontic treatment are
necessary for success, but also for prevention of possible
fractures [16, 17].

The first and certainly the most important step in
preventing fractures is the proper formation of the access
cavity and adequate opening of the canals. This provides
good visualization of endodontic space, facilitates the
control of bending and preparation of the complex apical
segment of the canal [3,15,16,23]. Properly formed access
cavity is the first step in preventing fracture, because it
enables easier movement of the files in the canal, sig-
nificantly minimizes the stress of bending and twisting,
and prevents possible fractures when it comes to patients
with limited mouth openings. Canal entrance processing
(Gates-Gliden) and checking the patency with hand files
significantly facilitate rectilinear access to the canals and
reduce the cyclic fatigue of the file during movement in
the canal [3, 15, 16].

Apical preparation is a special problem due to inaccessi-
bility and inadequate diameter, reduced effect of irrigation
solution and frequent existence of apical curvature that
makes it difficult to reach the file to the apical narrowing.
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Therefore, the blade efficiency of the file and the solvent
effect of irrigation are reduced in this part of the canal,
and the possibility of retention of debris is increased, as
well as the frequent formation of “blockage” that can cause
fracture of the file [24, 25].

DESIGN OF NITI FILES

Knowledge and understanding of the design of NiTi files
enables the practitioner to maximize endodontic skills,
increased efficiency and reduced possibility of error during
canal instrumentation [3, 26]. Cyclic fatigue and torsional
stress are the most common causes of the damage and
fractures during canal instrumentation and are a function
of the material and design of the working part, i.e the
dynamics of movement [7, 8,9, 26]. The resistance of files
to cyclic fatigue depends on numerous factors, primarily
on the metallurgical features of the alloy and production
process, file design (cross-sectional design, length, conicity,
blade thread depth), preparation technique, irrigation,
rotation speed, number of used files and of course canal
curvature and dentist training [4, 8, 26, 27].

The first NiTi rotary file was introduced in 1992 (stan-
dard conicity of 2%) and was made of conventional NiTi
wire (56% Ni, 44% Ti) with a “shape memory” effect
(after unloading, it returns to its original shape), and
with extremely biocompatible properties and corrosion
resistance [1,4, 8, 16].

A large number of different NiTi sets have been pre-
sented during the last decades (more than 160), with the
basic goal of increasing their clinical efficiency and safety
with innovative file design, new production processes and
special treatments of NiTi alloy, ie affecting resistance
to torsional loads, cyclic fatigue and flexibility [1, 8, 20].
High flexibility and shape memory are based on the fact
that atoms in the alloy exist in two conformational forms
(martensite and austenite), which significantly depend on
the ambient temperature and stress (tension) during the
movement of the files. The elasticity of the alloy increases
with the change of phase, ie martensitic transformation
into austenitic (in the martensitic phase the file bends
with a slight force), and returns to its original shape after
the cessation of stress [4, 9, 20, 26].

Files with an austenitic phase are used for instrumenting
straight canals, and NiTi files with a higher share of the
martensitic phase show greater flexibility and resistance to
cyclic fatigue and are used for instrumenting highly bent
canals [28]. An important step in improving physical and
mechanical properties of NiTi files is the introduction of
new design solutions and production technologies of alloys
related to thermal and electrochemical treatment of the
working part, as well as the procedure of ion implantation
and protection of alloy with various nano coatings [1, 3,
20,28, 29].

Electrochemical surface treatment of NiTi alloys was
a key factor for increasing blade efficiency and increased
resistance to cyclic fatigue [29], and the introduction of
new heat-treated alloys (M-wire, CM-wire, Max-wire)
significantly increased flexibility and resistance to torsional
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stresses [4, 9, 30, 31]. The alloy is alternately and under
controlled conditions heated and cooled by heat treatment,
in order to provide its specific properties related to increased
flexibility and greater resistance to cyclic fatigue [9, 28].

Knowledge of the design features of the working part
of the NiT1 file is one of the most important prerequisites
for efficient preparation, but also a significantly lower
possibility of fracture [1, 3, 26]. Resistance to cyclic fatigue
mostly depends on the size of cross section, conicity, length
of the working part, depth of the cutting edges, surface
imperfection of the file, rotation speed, etc. [15, 17,26, 31].
It has been observed that thinner and more flexible files
are more resistant to cyclic fatigue and more sensitive to
torsional loads, while thicker ones are more sensitive to
cyclic fatigue, but can withstand higher torque [17, 26].
Since increased conicity is often the reason for fracture,
dental technology has offered shorter files with progressive
multiconicity, which significantly reduces the engagement
(contact) of the file with the walls, and thus stress and the
possibility of screwing, with more efficient cutting and
removal of detritus from the canal [7, 8].

The specific cross-section of the file (U, S shape), ie.
number and depth of blades are also factors that lead to
screwing and possible fractures, so files with shallow blade
edges and constant cross section shape are more resistant
to fractures (3, 26]. Surface imperfections of the new NiTi
files and higher speed also affect the appearance of frac-
tures. Deformations and fractures of the file are four times
more frequent at higher speeds (over 350 rpm) compared
to lower speeds (160 rpm), as well as at higher torsional
load (3N/cm?) compared to 1N/cm? [3, 11, 12].

Reduced engagement of the NiTi file in the canal can be
solved by shortening the working part, reducing the number
of threads, changing the conicity, interrupting the continu-
ity of the blade, using files in correct order and changing
the dynamics of movement [3, 14, 26]. Since the torque is
directly proportional to the surface of engaged file in the
canal, smaller torque requires higher number of revolutions
and sharper blade needs less threads [3, 12,26, 27).

Dynamics of movement of NiTi files in the canal

Frequent fractures of NiTi files in the canal influenced
the introduction of new concepts of instrumentation
primarily based on the change of movement dynamics, ie.
reduction of the number of files for canal treatment [1, 10,
16]. Initially, only full rotation was used to start the NiTi
file, and the instrumentation was most often realized with
several file sets (initially with 5-6,and later with 3), while in
recent years endodontics with single file has become more
common, which significantly reduces the risk of fracture
[2,6,8]. The fear of screwing (and thus fracture) in systems
with full rotation influenced the introduction of systems
with reciprocal movements that significantly increases the
resistance to cyclic fatigue and prolongs life of files. Files with
reciprocal movements are mainly represented by a single
file that significantly reduces the instrumentation time,
but also the stress during canal instrumentation [1,25,27].

Research confirms that the system with reciprocal
movements is currently the most popular, because it allows

greater flexibility and increased file resistance to cyclic
fatigue, ie. efficient cleaning and shaping with reduced
postoperative sensitivity [1, 13,32, 33]. Reciprocal move-
ments are based on movements of balanced forces, where
rotation counterclockwise (cutting direction) and a much
shorter movement in a clockwise direction significantly
reduce both torsional stress and cyclic fatigue, and thus the
possible screwing of the file [1,26,34,35,36]. The benefits
of these files are shorter processing time, reduced possibility
of cross-contamination and reduction of fear of fracture,
because only one instrument is used [16, 32, 33, 34].

A system that uses a combination of full rotation and
reciprocal movements (Genius system, Ultradent, USA)
has been introduced in recent years, with instrumentation
performed reciprocally and final instrumentation with full
rotation files, which significantly increases resistance to
torsional fractures [1, 34].

Some NiTi systems that use individual files rotate
eccentrically (asymmetrically) in the canal and thus pro-
vide efficient canal cleaning with irregular morphology
[1, 35]. Representative of these files is XP ENDO Shaper,
a new generation of NiTi files, made of a special alloy
(Max-wire), with a unique design of the working part
(snake shape), which provides exceptional flexibility and
increased resistance to cyclic fatigue. The specific design
of the file also enables higher rotation speed (800 rpm),
more efficient irrigation and more efficient removal of
detritus from inaccessible parts of the canal [1, 35, 36].

The Self Adjusting File (SAF) has a completely different
design and movement kinetics than existing NiTi systems.
This NiTi file is hollow, mesh and flexible, and during
transaxial movement (vibration) it enables more efficient
and always fresh irrigation, that is continuously delivered
to the canal via a silicone tube. This file has high resistance
to fracture, adapts three-dimensionally and cleans the
canal system very efficiently [1, 3,7, 37].

In vitro studies have confirmed that prolonged clinical
use of NiTi files reduces their resistance to cyclic fatigue,
and therefore a single application is recommended [9, 10].
Sterilization of new or used files also reduces the resistance
to cyclic fatigue and affects the occurrence of corrosion
due to changes in the surface layer of titanium oxide [16,
20, 38]. The use of different lubrication gels, ie irrigation
solution (NaOCl) can also have corrosive effects of NiTi
alloy. It has been confirmed that NaOCl in concentration
of 1% affects torsional and cyclic resistance after a cumu-
lative exposure of 2.5 h, while longer-term exposure (18
h) also shows clear signs of corrosion [16, 38, 39]. The
problem caused by immersion of files in NaOCI solution
is related to metallurgical features and the occurrence of
galvanic currents (handle and working part are made of
two different metals) can accelerate corrosion and reduce
fracture resistance [40, 41, 42].

CONCLUSION

File fracture during canal instrumentation is a serious
iatrogenic complication that compromises endodontic
treatment and largely depends on the therapist. Exceptional



skills and expertise are required, as fractures are more
common in less experienced practitioner. Preclinical
training on extracted molars is mandatory and necessary
in order to provide routine and experience with NiTi files,
before using them in clinical conditions. The therapist
also must be well acquainted with the canal anatomy
of the teeth, the number and shape of the canals, the
position of the curve and must plan the whole endodontic
intervention well. In addition, therapist must clearly and
precisely form the access cavity and clearly shape the
entrances to the root canals.

The clinician must know the design of NiTi files and
material they are made of (type of alloy), and choose
files with working parts that will ensure reduced
engagement of the file during canal instrumentation.
Also, lower speed and less torque should be used during
canal instrumentation and proposed protocol must be
followed. The patency of the canal should be checked with
hand instruments and it is obligatory to use lubricants
and abundant irrigation with solutions during canal
instrumentation.

The therapist must know the dynamics of the file
movement and choose a preparation technique that
prevents a possible fracture. Reciprocal movements are
currently the most efficient, because they significantly
reduce stress and the possibility of screwing during
canal instrumentation due to the specific dynamics of
movement in the canal. Numerous studies have confirmed
that the frequency of file fractures is extremely low in
clinicians who are well aware of possible fractures.
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Kako spreciti frakturu NiTi instrumenata

Slavoljub Zivkovi¢, Marijana Popovi¢ Baji¢, Milica Jovanovi¢-Medojevi¢, Jelena Neskovi¢

Univerzitet u Beogradu, Stomatoloski fakultet, Klinika za bolesti zuba, Beograd, Srbija

KRATAK SADRZA)

Uvodenjem NiTi rotirajudih instrumenata u endodontsku praksu i njihovom pravilnom primenom obezbedena su izvesnija terapijska
reSenja i znatno je olak$ano resavanje svakodnevnih endodontskih problema. Medutim, njihova Siroka primena uzrokovala je sve
ucestalije frakture i postala znacajan frustrirajuci faktor koji umanjuje njihove brojne benefite. Torziono naprezanje i cikli¢ni zamor
su glavni razlozi za nastanak frakture, a ucestalost loma NiTi turpija je upravo srazmerna stepenu povijenosti kanala, poznavanju
karakteristika instrumenta, odnosno vestini i stru¢nosti terapeuta. Najdominantniji faktor za nastanak fraktura je stomatolog, koji
osim manuelne spretnosti mora dobro poznavati anatomiju razli¢itih kanalskih sistema i dizajn turpije kako bi napravio najbolji
izbor za svaki pojedinacni slucaj. Pravilno formiran pristupni kavitet i poznavanje radnog dela NiTi instrumenata omogucavaju
maksimalnu realizaciju endodontske vestine, povecanu efikasnost intervencije i smanjenu moguénost greske tokom obrade kanala.
Poseban tretman NiTi legure i nova resenja vezana za dizajn radnog dela znacajno su povecali fleksibilnost turpije i otpornost na
cikli¢ni zamor. Specifi¢an dizajn (smanjen broj navoja, promena koni¢nosti, prekid kontinuiteta seciva) i smanjena angazovanost
instrumenta, odnosno promena dinamike kretanja u kanalu (puna rotacija, recipro¢na, ekcentri¢na, transaksijalna) i smanjenje broja
turpija za obradu, uticali su i na znac¢ajno smanjenje rizika od preloma.

Cilj ovog rada je bio da ukaze na najéesée razloge za pojavu fraktura NiTi turpija i apostrofira mere i faktore koji mogu povecati
sigurnost instrumentacije i smanjiti moguce komplikacije tokom obrade kanala.

Kljucne reci: NiTi turpije; frakture; dizajn turpije; dinamika kretanja

uvoD

Zahvaljujuéi novim konceptima i metodama ,,¢i$¢enja“ i obli-
kovanja kanala, odnosno novim instrumentima, endodontska
terapija je postala sve sigurnija i efikasnija [1]. Uvodenjem
NiTi rotirajuc¢ih instrumenata i njihovom pravilnom prime-
nom obezbedena su izvesnija terapijska reSenja i znacajno je
olaksano re$avanje svakodnevnih endodontskih problema [1,
2]. Primena ovih instrumenata sa ograni¢enim brojem obrtaja
iizrazitom fleksibilno$¢u znacajno ubrzava preparaciju kanala,
ali su neocekivane i iznenadne frakture jo§ uvek vazan frustri-
rajuci faktor koji anulira njihove brojne koristi [3, 4].

Tokom poslednje dve decenije NiTi turpije su postale stan-
dard u endodontskom lecenju zuba, pa je i njihova $iroka prime-
na uzrokovala sve uestalije frakture [3,5, 6]. Potvrdeno je da su
zbog usrafljivanja skoro svi setovi NiTi instrumenata podloZni
frakturama, pri cemu je ovaj problem znatno ¢e$¢i tokom obra-
de povijenih kanala [3, 6]. Glavni razlozi za pojavu frakture su
torzioni stres i cikli¢ni zamor tokom instrumentacije kanala
[7-10]. Torziono naprezanje nastaje usled trenja instrumenata
o zidove kanala kada u predelu krivine dode do u$ravljivanja
dela instrumenta a drugi nastavlja sa kretanjem, pa usled pre-
koracenja granice elasti¢nosti dolazi do frakture [7, 8]. Cikli¢ni
zamor je posledica kumulativnog efekta sila savijanja koje se
ponavljaju na istom mestu (najcesce u predelu krivine), pa je
instrument tokom rotacije naizmeni¢no izlozen silama zateza-
nja na spoljasnjoj strani, odnosno silama kompresije na unu-
tra$njoj strani [9, 10]. Potvrdeno je da NiTi instrumenti koji su
prethodno izloZeni torzionom stresu pokazuju ve¢u otpornost
na cikli¢ni zamor, odnosno da su instrumenti manjeg dijametra
uglavnom otporniji na cikli¢ni zamor [11, 12].

Klinicke studije pokazuju da je ucestalost fraktura NiTi ro-
tiraju¢ih instrumenata 0,13-10%, a kod ru¢nih instrumenata
0,25-6% [13-17]. Do frakture NiTi turpija najées¢e dolazi to-
kom endodontskog tretmana molara (77-89%) [13, 15, 16], pri
¢emu je vedi rizik tokom terapije gornjih (50-55%) u odnosu
na donje molare (25-30%) [13]. Kod gornjih molara fraktura
se najcesc¢e desava u bukomezijalnom kanalu (distalna krivina

mezijalnog korena), a kod donjih u mezijalnim kanalima usled
distalne i bukalne povijenosti [13].

Ucestalost loma NiTi turpija je upravo proporcionalna povi-
jenosti kanala (7% kod pravih, 35% kod blago povijenih i 58%
u jako povijenim kanalima), a naj¢esce se desava u apeksnom
segmentu (41-82,7%), potom u srednjoj tre¢ini (14,8-32%), a
najrede u kruni¢noj tre¢ini (2,5-20%) [13, 17].

U studiji koja je proveravala ucestalost loma NiTi instrume-
nata u opstim stomatoloskim i specijalizovanim endodontskim
ordinacijama 88,8% stomatologa je prijavilo frakture, pri ¢emu
su one bile mnogo ¢es¢e medu endodontistima koji realizuju
viSe intervencija i uglavnom tretiraju teze slu¢ajeve [18].

Cilj ovog rada je bio da ukaze na najcesce razloge za pojavu
fraktura NiTi turpija i apostrofira mere i faktore koji mogu po-
vecati sigurnost instrumentacije i smanjiti moguce komplikacije
tokom obrade kanala.

FAKTORI KOJI UTICU NA POJAVU FRAKTURA NITI
TURPIJA

Frakture instrumenata ozbiljno komplikuju i kompromituju en-
dodontski tretman i njegovu prognozu i zbog toga obavezuju na
konstantan oprez preduzimanjem brojnih mera predostroznosti
[13]. Brojne studije su istraZivale faktore koji mogu uticati na
lom endodontskih turpija sa osnovnim ciljem da se poveca si-
gurnost instrumentacije i smanje moguce komplikacije tokom
obrade kanala [3,6,9,10,11,14,17].

Na pojavu fraktura NiTi turpija uti¢u brojni faktori, koji se
mogu klasifikovati u Cetiri kategorije: a) faktori vezani za te-
rapeuta (vestina i stru¢nost); b) anatomski faktori (pristupni
kavitet i anatomija kanala); c) faktori vezani za instrument (ma-
terijal, dizajn, proizvodni proces) i d) tehnicki faktori instru-
mentacije (dinamika kretanja instrumenata, irigacija, ponovna
upotreba, sterilizacija).

Da bi se eliminisao rizik od moguc¢ih fraktura i deformacija
NiTi rotirajucih instrumenata tokom preparacije kanala, den-
talna tehnologija je razvila nekoliko novih strategija u kreiranju
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i dizajniranju njihovog radnog dela (koni¢nost, poprec¢ni presek,
dizajn radnog dela), posebne termomehanicke procedure u pri-
premi legure, odnosno razli¢itu kinetiku kretanja instrumenta
u kanalu [19-22].

Najvazniji i najdominantniji faktor koji uti¢e na pojavu de-
fekata i fraktura je sigurno stomatolog, odnosno njegovo zna-
nje, stru¢nost i klinicka obucenost. Osim manuelnih vestina i
poznavanja tehnika instrumentacije, prakti¢ar mora dobro po-
znavati anatomiju razli¢itih kanalskih sistema (broj, raspored,
ugao i pre¢nik povijenosti kanala, dodatnih kanala), odnosno
dizajn turpije kako bi napravio najbolji izbor za svaki pojedi-
nacni slucaj 3, 16, 18]. Dobro planiranje i detaljna analiza toka
endodontske intervencije pre njenog otpocinjanja su takode
neophodni za uspeh, ali i za spre¢avanje eventualnih fraktura
[16,17].

Prvi i sigurno najznacajniji korak u spre¢avanju fraktura
je pravilno formiranje pristupnog kaviteta i adekvatna obrada
ulaza u kanale. Time se obezbeduje dobra vizuelizacija endo-
dontskog prostora, olaksava kontrola povijenosti i preparacija
kompleksnog apeksnog segmenta kanala [3, 15, 16, 23]. Pravilno
formiran pristupni kavitet je prvi korak u spre¢avanju frakture
jer omogucava olaksano kretanje instrumenta u kanalu, znacaj-
no minimalizuje stres na savijanje i uvijanje i sprecava eventu-
alne frakture kod pacijenata sa ograni¢enim otvaranjem usta.
Obrada ulaza u kanale (Gates-Gliden) i provera prohodnosti
ru¢nim instrumentima znacajno olaksavaju pravolinijski pri-
stup kanalima i smanjuju cikli¢ni zamor instrumenta tokom
kretanja u kanalu [3, 15, 16].

Apeksna preparacija je poseban problem zbog nepristu-
pacnosti i neadekvatnog dijametra, umanjenog efekta rastvora
za irigaciju i, skoro uvek, postojanja apikalne povijenosti koja
otezava dosezanje turpije do apikalnog suzenja. Zbog toga je u
ovom delu kanala smanjena se¢ivna efikasnost instrumenta i
rastvaracki efekat irigansa, a pove¢ana mogu¢nost zadrzavanja
debrisa i ¢esto formiranje ,,blokade‘, koja moze uzrokovati frak-
turu instrumenta [24, 25].

DIZAJN NITI INSTRUMENATA

Poznavanje i razumevanje dizajna NiTi instrumenata omogu-
¢avaju prakti¢aru maksimalnu realizaciju endodontske vestine,
povecanu efikasnost i smanjenu moguénost greske tokom obra-
de kanala [3, 26]. Cikli¢ni zamor i torzioni napon su najceséi
uzroci o$tecenja i fraktura tokom instrumentacije kanala i u
funkciji su materijala i dizajna radnog dela, odnosno dinamike
kretanja [7,8,9,26]. Otpornost instrumenata na cikli¢ni zamor
zavisi od brojnih faktora, a pre svega od metalurskih karakteri-
stika legure i proizvodnog procesa, dizajna instrumenta (dizajn
poprec¢nog preseka, duzina, koni¢nost, dubina se¢ivnih navoja),
tehnika preparacije, irigacije, brzine rotacije, broja koris¢enih
instrumenata i, naravno, povijenosti kanala i obucenosti sto-
matologa [4, 8,26,27].

Prvi NiTi rotacioni instrument je predstavljen 1992. g. (stan-
dardna koni¢nost 2%) i bio je izraden od konvencionalne NiTi
zice (56% Ni, 44% Ti) sa efektom ,,paméenja oblika“ (posle ra-
sterecenja se vraca u prvobitni oblik), sa izrazitim biokompati-
bilnim osobinama i otporno$¢u na koroziju [1, 4, 8, 16].

Tokom poslednjih decenija predstavljen je veliki broj ra-
zli¢itih setova NiTi (vi$e od 160) sa osnovnim ciljem da se

inovativnim dizajnom turpije, novim proizvodnim procesima
i posebnim tretmanima NiTi legure poveca njihova klinicka
efikasnost i sigurnost, odnosno uti¢e na otpornost na torzio-
na opterecenja, cikli¢ni zamor i fleksibilnost [1, 8, 20]. Visoka
fleksibilnost i pamcenje oblika baziraju se na ¢injenici da ato-
mi u leguri postoje u dva konformaciona oblika (martenzit i
austenit), koji znacajno zavise od temperature okoline i stresa
(napetosti) tokom kretanja instrumenata. Promenom faze, od-
nosno martenzitnom transformacijom u austenitnu, pove¢ava
se elasti¢nost legure (u martenzitnoj fazi instrument se povija
uz neznatnu silu), a po prestanku stresa ponovo se vraca u ori-
ginalni oblik [4, 9, 20, 26].

Instrumenti sa austenitnom fazom se koriste u obradi pra-
vih, a NiTi instrumenti sa ve¢im udelom martenzitne faze po-
kazuju vecu fleksibilnost i otpornost na cikli¢ni zamor i kori-
ste se za obradu izrazito povijenih kanala [28]. Vazan iskorak
u pobolj$anju fizi¢kih i mehanickih svojstava NiTi turpija je
uvodenje novih dizajnerskih resenja i proizvodnih tehnologija
legure vezanih za termicku i elektrohemijsku obradu radnog
dela, kao i postupak jonske implantacije i zastite legure razlici-
tim nanopremazima [1, 3, 20, 28, 29].

Elektrohemijska obrada povrsine NiTi legure bila je klju¢ni
faktor za povecanje se¢ivne efikasnosti i povecane otpornosti na
cikli¢ni zamor [29], a uvodenje novih termicki tretiranih legura
(M-wire, CM-wire, Max-wire) zna¢ajno je povecalo fleksibilnost
i otpornost na torziona naprezanja (4,9, 30, 31]. Termickim tre-
tmanom se legura naizmeni¢no i pod kontrolisanim uslovima
zagreva i hladi kako bi se obezbedila njena specifi¢na svojstva
vezana za povecanu fleksibilnost i ve¢u otpornost na cikli¢ni
zamor [9, 28].

Poznavanje karakteristika dizajna radnog dela NiTT instru-
menta je jedan od najvaznijih preduslova za efikasnu preparaci-
juali i zna¢ajno manju mogucnost za pojavu frakture [1, 3,26].
Otpornost na cikli¢ni zamor najvise zavisi od veli¢ine popre¢-
nog preseka, koni¢nosti, duzine radnog dela, dubine se¢ivnih
ivica, povrsinske nesavr$enosti instrumenta, brzine rotacije i dr.
[15,17,26,31]. Uoceno je da su tanji i fleksibilniji instrumenti

obrtni moment (tork) [17,26]. S obzirom na to da je pove¢ana
konic¢nost cesto razlog za pojavu loma, dentalna tehnologija
je ponudila krace turpije progresivne multikoni¢nosti, ¢ime
se znacajno smanjuje angazovanost (kontakt) instrumenta sa
zidovima, a time i stres i mogu¢nost usrafljivanja, uz efikasnije
secenje i uklanjanje detritusa iz kanala [7, 8].

Specifi¢an popre¢ni presek turpije (oblik slova U, S), od-
nosno broj i dubina seciva, takode su faktori koji dovode do
usrafljivanja i mogucih fraktura, pa su zato instrumenti sa
pli¢im sec¢ivnim ivicama i konstantnim oblikom poprecnog
preseka otporniji na prelome [3, 26]. Povrsinske nesavrsenosti
novih NiTj turpija i ve¢a brzina takode uti¢u na pojavu fraktura.
Deformacije i lom instrumenta su Cetiri puta ¢es¢i pri vecim
brzinama (preko 350 o/min.) u odnosu na manje brzine (160
o/min.), kao i pri ve¢em torzionom optereéenju (3 N/cm?) u
odnosu na 1 N/cm? 3, 11, 12].

Smanjena angazovanost NiTi turpije u kanalu moze se resiti
skracenjem radnog dela, smanjenjem broja navoja, promenom
koni¢nosti, prekidom kontinuiteta se¢iva, pravilnim redosledom
kori$¢enja i promenom dinamike kretanja [3, 14, 26]. S obzirom
na to da je tork direktno proporcionalan povrsini angazovanog



instrumenta u kanalu, manji tork zahteva i ve¢i broj obrtaja, a
odtrija se¢iva manje navoja (3, 12, 26, 27].

DINAMIKA KRETANJA NITI INSTRUMENATA U KANALU

Ceste frakture NiTi instrumenta u kanalu uticale su na uvode-
nje novih koncepata preparacije koji se baziraju pre svega na
promeni dinamika kretanja, odnosno smanjenju broja instru-
menata za obradu kanala [1, 10, 16]. Za pokretanje NiTi turpija
je u pocetku kori$¢ena samo puna rotacija, a preparacija je naj-
Cesce realizovana setovima sa viSe instrumenata (u pocetku sa
5-6, a kasnije sa 3), dok je poslednjih godina sve zastupljenija
endodoncija jednom turpijom, ¢ime se znacajnije smanjuje i
rizik od preloma [2, 6, 8]. Strah od usrafljivanja (a time i loma)
kod sistema sa punom rotacijom uticao je na uvodenje sistema
sa recipro¢nim pokretima, ¢ime se znacajno povecava otpor-
nost na cikli¢ni zamor i produzava zivotni vek turpija. Dodatna
prednost je $to su turpije sa recipro¢nim pokretima uglavnom
predstavljene jednom turpijom koja znacajno smanjuje vreme
preparacije ali i stres tokom obrade kanala [1, 25, 27].

Istrazivanja potvrduju da je sistem sa recipro¢nim pokreti-
ma trenutno najpopularniji jer omogucava vecu fleksibilnost i
povecanu otpornost instrumenata na cikli¢ni zamor, odnosno
efikasno ¢i$¢enje i oblikovanje uz smanjenu postoperativnu
osetljivost [1, 13, 32, 33]. Recipro¢ni pokreti se baziraju na
pokretima balansiranih sila, gde rotacija u smeru suprotnom
kretanju kazaljke na satu (sekudi smer) i mnogo kradi pokret u
smeru kazaljke izrazito smanjuju i torzioni stres i cikli¢ni zamor,
a time i moguce usrafljivanje turpije [1, 26, 34, 35, 36]. Benefiti
ovih turpija uklju¢uju i krace vreme obrade, smanjenu mogu¢-
nost unakrsne kontaminacije i redukovanje straha od loma jer
se koristi samo jedan instrument [16, 32, 33, 34].

Poslednjih godina predstavljen je sistem koji koristi kom-
binaciju pune rotacije i recipro¢ne pokrete (Genius sistem,
Ultradent, USA), gde se instrumentacija obavlja recipro¢nim a
finalna obrada turpijama sa punom rotacijom, ¢ime se zna¢ajno
povelava otpornost na torzione frakture [1, 34].

Pojedini NiTi sistemi koji koriste pojedinac¢ne turpije u
kanalu se rotiraju ekscentri¢no (asimetri¢no) i na taj na¢in
obezbeduju efikasno ¢iS¢enje i kanala sa nepravilnom morfo-
logijom [1, 35]. Predstavnik ovih turpija je XP ENDO Shaper,
nova generacija NiTi instrumenata izradena od posebne legure
(Max-wire) sa jedinstvenim dizajnom radnog dela (zmijolik
oblik) koji obezbeduje izuzetnu fleksibilnost i pove¢anu otpor-
nost na cikli¢ni zamor. Specifi¢an dizajn turpije omogucava i
vecu brzinu rotacije (800 o/min.), efikasniju irigaciju i efikasnije
uklanjanje detritusa iz nepristupa¢nih delova kanala [1, 35, 36].

Potpuno drugaciji dizajn i kinetiku kretanja od postoje-
¢ih NiTi sistema ima samopodes$avajuca turpija (SAF - Self
Adjusting File). Ova NiTi turpija je $uplja, mrezasta i fleksibilna
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i tokom transaksijalnog kretanja (vibracije) omogucava efe-
kasniju irigaciju uz uvek svez irigans koji se preko silikonske
cevcice kontinuirano doprema u kanal. Ova turpija poseduje
visoku otpornost na frakturu, trodimenzionalno se adaptira i
vrlo efikasno ¢isti kanalni sistem [1, 3,7, 37].

In vitro istrazivanja su potvrdila da produzena klinicka pri-
mena NiTi instrumenata smanjuje njihovu otpornost na cikli¢ni
zamor, pa se zbog toga preporucuje jednokratna primena [9,
10]. Sterilizacija novih ili kori§¢enih turpija takode smanjuje
otpornost na cikli¢ni zamor i uti¢e na pojavu korozije usled
promena na povrsinskom sloju titanijum-oksida [16, 20, 38].
Primena razlicitih gelova za lubrikaciju, odnosno rastvora za
irigaciju (NaOCl), takode moZe uticati na korozivne efekte NiTi
legure. Potvrdeno je da koncentracija NaOCl od 1% utic¢e na
torzionu i cikli¢nu otpornost nakon kumulativne izloZzenosti od
2,5 h, dok dugotrajnija izlozenost (18 h) pokazuje i jasne znake
korozije [16, 38, 39]. Problem koji nastaje potapanjem instru-
menata u rastvor NaOCl vezan je metalurske karakteristike i
pojavu galvanskih struja (drska i radni deo su od dva razlicita
metala) koje mogu ubrzati koroziju i time smanjiti otpornost
na frakturu [40, 41, 42].

ZAKLYUCAK

Fraktura instrumenta tokom preparacije je ozbiljna jatroge-
na komplikacija koja kompromituje endodontski tretman i u
najvecoj meri zavisi od terapeuta. Prakticar mora posedovati
izuzetnu vestinu i stru¢nost jer su frakture mnogo ¢e$ée kod
neiskusnih. Obavezan je i neophodan predklinicki trening na
ekstrahovanim molarima kako bi se obezbedili rutina i iskustvo
sa NiTi turpijama, pa tek onda primena u klini¢kim uslovima.
Terapeut mora dobro poznavati kanalnu anatomiju zuba, broj
i oblik kanala, polozaj krivine i dobro isplanirati endodontsku
intervenciju. Osim toga, mora jasno i precizno formirati pristu-
pni kavitet i jasno predstaviti ulaze u kanale korena.

Klini¢ar mora poznavati dizajn NiTi instrumenata i materijal
od koga je izraden (vrsta legure) i izabrati turpije sa radnim
delom koji ¢e obezbediti smanjenu angaZovanost instrumenta
tokom preparacije kanala. Treba koristiti manje brzine i manji
tork tokom obrade kanala i pridrzavati se predloZenog proto-
kola. Prohodnost kanala treba proveriti ru¢nim instrumentima
i obavezno koristiti lubrikante i obilnu irigaciju rastvorima to-
kom preparacije kanala.

Terapeut mora poznavati dinamiku kretanja instrumenta i
odabrati tehniku preparacije koja prevenira mogucu frakturu.
Recipro¢ni pokreti su trenutno najefikasniji jer zbog specifi¢ne
dinamike kretanja u kanalu znacajno smanjuju stres i mogu¢-
nost udrafljivanja tokom instrumentacije kanala.

Brojne studije su potvrdile da je kod klini¢ara koji su svesni
mogucih fraktura uéestalost preloma turpije izuzetno niska.

93



« & sciendo

CASE REPORT
PRIKAZ BOLESNIKA

Serbian Dental Journal, vol. 68, N°2, 2021

DOI: https://doi.org/10.2298/SGS2102094M
UDC: 617.51:616.5-006.6

Locally advanced basal cell carcinoma of the auricle and

parotid region - a case report

Srdan Milanovic¢', Suzana Stojanovi¢-Rundi¢'?, Nikola Milosevic¢', Branko Dozi¢?, Marko Dozi¢!
'Institute for Oncology and Radiology of Serbia, Belgrade, Serbia;

“University of Belgrade, Faculty of Medicine, Belgrade, Serbia;

3University of Belgrade, School of Dental Medicine, Department of Pathology, Belgrade, Serbia

SUMMARY

Skin cancers are the most common malignant tumors in general. The most significant risk factor is exposure to UV
radiation. They mainly occur in the head and neck region, and the majority of about 80% are basal cell carcinomas.
Surgery is standard treatment of uncomplicated basal cell carcinomas, but a multidisciplinary approach is necessary

in advanced cases.

The case report refers to a patient with locally advanced recurrent basal cell carcinoma with primary tumor localiza-
tion in the right auricle and parotid region in 2012 when primary surgery was performed. Due to the local recurrence,
amputation of the right auricle and trepanation of the mastoid process was done in November 2018, and after that,
radiation therapy of a recurrent tumor in the area of the trepanation cavity was applied. In the course of follow-up so
far, there is good local control, without signs of toxicity. The case report points to the importance of a multidisciplinary
approach and the role of radiotherapy in the treatment and control of advanced basal cell carcinoma of this region.
Keywords: basal cell carcinoma; head and neck; maxillofacial region; surgery; radiotherapy

NTRODUCTION

Skin cancers have the highest incidence of all malignant
tumors, and among them, the most common are basal
cell carcinomas, about 80% of all skin cancers [1]. These
cancers mainly occur in fair-skinned people, on parts of
the body exposed to sunlight, such as the skin of the face,
head and neck [2]. The most significant risk factor for
the development of basal cell carcinoma is exposure to
ultraviolet (UV) radiation.

The surgical approach is the most optimal way to treat
these tumors. Depending on the local findings and stage
of the disease, other modalities can be successful in treat-
ment, such as electrodesiccation, curettage, cryotherapy,
photodynamic therapy, topical application of 5-fluoroura-
cil, or immunomodulators e.g. imiquimod, radiation ther-
apy; or the use of the hedgehog inhibitor vismodegib [3,4].

In the case of forms of basal cell carcinoma that do not
provide an adequate response to the applied treatment -
“difficult to treat”, such as locally advanced or recurrent
tumors, it is necessary to refer the patient to a tumor
board and consider multidisciplinary treatment [5].

CASE REPORT

A 72-year-old patient reported to the regional hospital, be-
cause of a tumor in size about 3 cm, of the right earlobe and
parotid region in March 2012 when tumor resection and

Figure 1. The tumorous mass in posttrepanation cavity.
Slika 1. Tumor u posttrepanacionom kavumu

parotidectomy were performed. Histopathological findings
showed basal cell carcinoma that infiltrated periglandular
fibrous and adipose tissue as well as periauricular connec-
tive, adipose, and muscle tissue. In October of the same year,
another excision was done, due to an infraauricular local
recurrence with a diameter of 6 mm. Histopathological
findings confirmed basal cell carcinoma, nodular type.
Local recurrence appeared again in 2018. The find-
ings of computed tomography (CT) in November 2018,
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Figure 2. Target volumes and organs at risk.
Slika 2. Ciljni volumeni i organi u riziku
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Figure 3. The treated volume and dose distribution.
Slika 3. Tretirani volumen i distribucija doze
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Figure 4. Field arrangement and dose volume histogram
Slika 4. Aranzman polja i DVH

showed a tumor mass in the area of the rest of the right
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temporomandibular joint, size 14x13 mm,
without infiltration of the mandible.

The surgery was performed in November
2018 when auricle amputation, mastoid
process trepanation, and defect recon-
struction were performed. Postoperative
histopathological findings revealed basal
cell carcinoma, a pathological stage of pT3,
with multiple positive edges of resection.

Progression of the local finding was
observed in March 2019. At that time, CT
of the head and neck indicated suspicious
infiltration of mastoid cells (Figure 1), and
MR examination of the neck showed a
tumor in the trepanation cavity of 23x21
mm. Radiological examinations did not
show enlarged lymph nodes or other signs
of disease dissemination.

The patient was presented to the tumor
board for skin and soft tissue cancers, and
it was suggested to continue treatment with
radiation therapy. Before starting radiation
therapy, the patient was referred to a dentist
in order to prevent oral toxicity, and the pa-
tient was thoroughly acquainted with mea-
sures to prevent acute and chronic toxicity
of radiation therapy.

Radiotherapy of local recurrence was
planned by 3D conformal technique
(Figure 2) from three fields with TD 66
Gy in 33 fractions standard fractionation
regime 2 Gy / day (Figures 3, 4). Radiation
therapy was conducted in July 2019, with
the development of local mucositis grade
2 of the buccal mucosa on the right and
radiodermatitis grade 1 of the right buccal
and surgically operated region.

The patient is now 80 years old and is
regularly checked clinically and radiolog-
ically. Control MR examinations indicate
stable disease and post-radiation fibrosis of
the irradiated region. At the last control in
March 2020, there were no signs of tumors
and there was no toxicity of the treatment,
without impairing the quality of life after
the radiation therapy.

DISCUSSION

Basal cell carcinomas (BCCs) are the most
common skin cancers. They arise from the
basal layer of the epidermis or pluripotent
basal cells of the adnexa and are usually
found on hairy regions and parts that are
most exposed to the sun.

There are several histological subtypes

auricle measuring 30.7 x 22.2 mm that was growingintoa  of BCC: nodular, superficial, pigmented, morphea, cystic,
mastoid process. Also,on CT examination, another tumor keratotic, and micronodular [6].

was seen in retromandibular area on the right, near the
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Clinical basal cell carcinomas have slow growth and
are usually first seen as a small wound that does not heal
spontaneously. Bleeding or pain occurs only when there
is a significant increase in tumor size or involvement of
adjacent structures. Basal cell carcinomas metastasize
rarely but are characterized by infiltrative growth into the
surroundings (dermis, fascia, periosteum, perichondrium,
or nerve sheaths) [7].

The diagnosis of these tumors, especially lesions in the
macxillofacial region, is usually not a problem due to easy
visibility and availability of skin changes for biopsy or ex-
cision. However, there are some benign and malignant con-
ditions and tumors that may mimic BCC in appearance, for
example, trichoepithelioma, seborrheic hyperplasia, atypical
fibroxanthomas, melanocyte nevi, Merkel cell carcinoma,
and squamous cell carcinoma [7, 8]. These diseases have
different biological behavior, and in some cases extremely
aggressive (Merkel cell carcinoma). Therefore, the defini-
tive diagnosis is made only after a histopathological exam-
ination. Given that these cancers show infiltrative growth,
recurrence and significant local destruction can occur if
treatment is not carried out in proper time [6]. Surgery is
the treatment of choice for uncomplicated cases, either as
Mohs surgery or extensive excision, where achieving clean
resection edges are curative.

Mohs micrographic surgery is a surgical technique by
which the tumor is excised horizontally, layer by layer;
sections are precisely mapped and immediately examined
microscopically. The process is repeated so that the edges
expand only on the positive margin until completely clean
edges are obtained, while at the same time healthy tissue is
spared. Therefore, it is necessary for the Mohs surgeon to
be an educated dermatopathologist at the same time [9].
This method achieves the best results in the treatment of
non-melanoma skin cancers, especially in regions where it
is important to preserve function and/or cosmetic results,
such as the maxillofacial region [10]. Cryosurgery in the
treatment of skin cancer is limited to well-limited, low-risk
superficial lesions that are smaller than 20 mm in diameter
[11]. Curettage and electrodesiccation are also reserved
for properly selected low-risk tumors [12]. The use of top-
ical preparations of 5-fluorouracil or imiquimod is also
successful only in superficial tumors [4, 12]. In advanced
cases, a multimodal approach should be considered.

The localization of basal cell carcinoma on the face
can be a special aesthetic and functional problem. In
elderly patients with localization of these tumors in the
maxillofacial region, radiotherapy is recommended in the
first line of treatment, which also achieves good cosmetic
results. Also, advanced tumors often require the use of
radiation therapy in an adjuvant or radical approach de-
pending on the local stage [8, 13].

Target therapy with hedgehog inhibitor oral drugs has
been approved in advanced cases, in a neoadjuvant and
systemic approach. Sonidegib is used only in locally ad-
vanced BCC, while Vismodegib can also be used in met-
astatic disease [12].

Locally advanced basal cell carcinomas are rare but can
be challenging to treat because of their aggressiveness,
especially with localization on the head and neck, or in

the maxillofacial region. In such situations, the decision
on treatment must be made in a multidisciplinary team
that should consist of an ENT specialist, maxillofacial sur-
geon, radiation oncologist and sometimes other medical
specialists.

CONCLUSION

Presented case report shows the importance and role of
radiotherapy in a multimodal approach in the treatment
and control of advanced basal cell carcinoma of this region.
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KRATAK SADRZA)

Karcinomi koze su naj¢es¢i maligni tumori uopste. Najznacajniji faktor rizika je izlaganje UV zracima. Uglavnom se javljaju u regiji
glave i vrata, a veéinu (oko 80%) ¢ine bazocelularni karcinomi. Hirurgija je standard u le¢enju nekomplikovanih bazocelularnih
karcinoma, ali je kod uznapredovalih slu¢ajeva neophodan multidisciplinarni pristup. Prikaz bolesnika se odnosi na bolesnika sa
lokalno uznapredovalim rekurentnim bazocelularnim karcinomom sa primarnom lokalizacijom tumora u predelu aurikule i parotidne
regije desno 2012. god,, kada je pacijent primarno operisan. Zbog lokalnog recidiva je novembra 2018. uradena amputacija desne
aurikule i trepanacija mastoidnog nastavka, a nakon toga je sprovedena zracna terapija rekurentnog tumora predela trepanacionog
kavuma. U dosadasnjem toku pracenja postoji dobra lokalna kontrola, bez znakova toksi¢nosti. Prikaz bolesnika ukazuje na vaznost
multidisciplinarnog pristupa i ulogu radioterapije u lecenju i kontroli uznapredovalog bazocelularnog karcinoma ove regije.
Kljucne reci: bazocelularni karcinom; glava i vrat; maksilofacijalna regija; hirurgija; radioterapija

PRIKAZ BOLESNIKA

Pacijent Zivotne dobi od 72 godine javio se u regionalnu bolnicu
zbog tumora desne usne $koljke i parotidne regije marta 2012.
godine, kada je uradena resekcija tumora veli¢ine oko 3 cm.
Histopatoloski nalaz je pokazao da se radi o BCK koji je infiltrisao
periglandularno fibrozno i masno tkivo, kao i periaurikularno
vezivno, masno i misi¢no tkivo. Oktobra iste godine pacijent je
ponovo operisan zbog infraklavikularnog lokalnog recidiva pro-
mera 6 mm. Histopatoloski nalaz je potvrdio BCK, nodularni tip.

Ponovni lokalni recidiv se pojavio 2018. godine. Nalaz kom-
pjuterizovane tomografije (KT) u novembru 2018. pokazao je
tumor u predelu ostatka desne aurikule i mastoidnog nastavka
dimenzija 30,7 x 22,2 mm koji urasta u mastoidni nastavak.
Takode je na pregledu KT videna jo$ jedna tumorska promena
retromandibularno desno, u neposrednoj blizini temporomandi-
bularnog zgloba, veli¢ine 14 x 13 mm, bez infiltracije mandibule.

Pacijent je ponovo operisan novembra 2018. u regionalnoj
bolnici, gde je uradena amputacija aurikule, trepanacija mastoidnog
nastavka i rekonstrukcija defekta. Postoperativni histopatoloski
nalaz je pokazao da je re¢ o bazocelularnom karcinomu, patolos-
kog stadijuma pT3, sa vi§estrukim pozitivnim ivicama resekcije.

Progresija lokalnog nalaza je uo¢ena marta 2019. godine. Tada
je KT glave i vrata (Slika 1) ukazala na suspektnu infiltraciju
mastoidnih celija, a pregled vrata magnetnom rezonancom je
pokazao tumor u trepanacionom kavumu veli¢ine 23 x 21 mm.
Na uradenim radiolo$kim pregledima nije bilo uvec¢anih limfnih
¢vorova niti drugih znakova diseminacije bolesti.

Pacijent je prikazan konzilijumu za karcinome koze i mekih
tkiva i predloZeno je da se le¢enje nastavi zracnom terapijom.
Pre otpocinjanja zra¢ne terapije pacijent je upucen nadleznom
stomatologu radi sanacije zuba u cilju prevencije oralne toksi¢nosti
i detaljno je upoznat sa merama prevencije akutne i hroni¢ne
toksi¢nosti zracne terapije.

Radioterapija lokalnog recidiva je planirana 3D konformalnom
tehnikom (Slika 2) iz tri polja sa TD 66 Gy u 33 frakcije standar-
dnim rezimom frakcionisanja 2 Gy/dnevno (slike 3 i 4). Zra¢na
terapija je sprovedena jula 2019, uz razvoj lokalnog mukozitisa

bukalne sluznice desno gr 2 i radiodermatitisa predela desne
bukalne i operisane regije gr 1.

Sada pacijent ima 80 godina i redovno se klinicki i radioloski
kontroliSe. Kontrolni pregledi magnetnom rezonancom ukazuju
na stabilnu bolest i postiradijacionu fibrozu zradene regije. Na
poslednjoj kontroli, marta 2020. god., nije bilo znakova tumora
niti je bilo ispoljene toksi¢nosti sprovedenog lecenja, a i nije bilo
narusavanja kvaliteta Zivota posle sprovedene zracne terapije.

DISKUSIJA

BCK su najées¢i karcinomi koze. Nastaju iz bazalnog sloja
epidermisa ili pluripotentnih bazalnih celija adneksa i obi¢no
se nalaze na kosmatim povrsinama i delovima koji su najvise
izlozeni suncu.

Postoji nekoliko histoloskih podtipova BCK: nodularni,
superficijalni, pigmentni, morfea, cisti¢ni, keratoti¢ni i mikro-
nodularni [6].

Klini¢ki BCK imaju spor rast i obi¢no se prvi put primete kao
mala rana koja ne zarasta spontano. Krvarenje ili bol se javljaju
tek kada dode do znacajnog rasta tumorske promene ili zahva-
tanja susednih struktura. BCK izuzetno retko metastaziraju, ali
ih karakterie infiltrativni rast u okolinu (dermis, fascije, periost,
perihondrijum ili nervne omotace) [7].

Dijagnoza ovih tumora, pogotovo promena u maksilofacijal-
noj regiji, obi¢no ne predstavlja problem zbog lake uocljivosti i
dostupnosti promena na kozi za biopsiju ili eksciziju. Medutim,
postoje neka benigna i maligna stanja i tumori koji izgledom
mogu imitirati BCK, na primer, trihoepitelioma, seboroi¢na hi-
perplazija, atipi¢ni fibroksantomi, melanocitni nevusi, karcinom
Merkelovih éelija i skvamocelularni karcinom [7, 8]. Navedena
oboljenja imaju razli¢ito biolosko ponasanje, i to u nekim
slu¢ajevima izuzetno agresivno (karcinom Merkelovih celija).
Zbog toga se definitivna dijagnoza postavlja tek po obavljenom
histopatoloskom pregledu.

Imajudi u vidu da BCK pokazuju infiltrativni rast, moze do¢i
do recidiva i znacajne lokalne destrukcije ukoliko se ne sprovede
pravovremeno lecenje [6].
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Hirurgija je terapija izbora nekomplikovanih slucajeva, bilo
kao Mohs hirurgija ili $iroka ekscizija, gde postizanje ¢istih ivica
resekcije predstavlja izlecenje.

Mohs mikrografska hirurgija je hirur$ka tehnika kojom
se tumor ekscidira horizontalno, sloj po sloj, preseci precizno
mapiraju i odmah mikroskopski pregledaju. Proces se ponavlja
tako Sto se ivice pro$iruju samo na pozitivnoj margini, sve dok se
ne dobiju u potpunosti ¢iste ivice, dok se istovremeno posteduje
zdravo tkivo. Zbog toga je neophodno da Mohs hirurg istovremeno
bude edukovan dermatopatolog [9]. Ovom metodom se postizu
najbolji rezultati u le¢enju nemelanomskih karcinoma koze, a
narocito u regijama gde je vazno ocuvati funkciju i/ili kozmetski
rezultat, kao $to je maksilofacijalna regija [10].

Kriohirurgija u terapiji karcinoma koze ogranicena je na
dobro ogranicene, povr$ne lezije niskog rizika koje su manjeg
pre¢nika od 20 mm [11]. KiretaZa i elektrodisekcija su takode
rezervisane za pravilno odabrane tumore niskog rizika [12].

Primena topikalnih preparata 5-fluorouracila ili imikvimoda
je takode uspesna samo kod povrsnih tumora [4, 12].

Kod uznapredovalih slucajeva treba razmotriti multimodalni
pristup.

Poseban estetski i funkcionalni problem moze predstavljati
lokalizacija BCK na licu. Kod starijih pacijenata sa lokalizacijom

ovih tumora u maksilofacijalnoj regiji se u prvoj liniji le¢enja
preporucuje radioterapija, kojom se postizu i dobri kozmetski
rezultati. Takode, radioterapija je dobra alternativa hirurskom
lecenju, posebno kod uznapredovalih tumora. Zra¢na terapija
moze biti efikasna za primarni ili rekurentni BCK u zavisnosti
od lokalnog stadijuma, ili kao adjuvantna terapija za nepotpuno
operisani BCK kod pacijenata kod kojih dalja operacija nije
moguca niti je odgovarajuca [8, 13].

Target terapija oralnim preparatima hedgehog inhibitora je
odobrena u uznapredovalim slucajevima, u neoadjuvantnom i
sistemskom pristupu. Sonidegib se primenjuje samo u lokalno
uznapredovalom BCK, dok se Vismodegib moze primenjivati i
u metastatskoj bolesti [12].

Lokalno uznapredovali bazocelularni karcinomi se retko javljaju,
ali mogu biti izazov za leCenje zbog svoje agresivnosti, pogotovo sa
lokalizacijom na glavi i vratu, odnosno u maksilofacijalnoj regiji.
U ovakvim situacijama je odluku o le¢enju neophodno doneti u
multidisciplinarnom timu koji bi trebalo da ¢ine ORL specijalista,
maksilofacijalni hirurg, radijacioni onkolog, medikalni onkolog,
patolog, a po potrebi i druge medicinske specijalnosti.

Prikazani slu¢aj pokazuje vaznost i ulogu radioterapije u
multimodalnom pristupu u le¢enju i kontroli uznapredovalog
BCK ove regije.
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Da li ste pazljivo citali radove?

Bazocelularni karcinomi su u predelu glave i vrata
zastupljeni sa:

a) oko 60%

b) oko 80%

¢) oko 84%

Instrumenti manjeg kalibra su:

a) manje otporni na cikli¢ni zamor
b) otporniji na cikli¢ni zamor

¢) otporniji na torziona naprezanja

Prosec¢an broj obolelih stalnih zuba po ispitaniku kod
dece uzrasta 12 i 15 godina je iznosio:

a) 4,33

b) 3,71

c)2,43

Primena Bi, O, kao rendgenkontrastnog sredstva
utice na:

a) diskoloraciju zuba

b) pove¢anu mehanicku otpornost

¢) smanjuje rastvorljivost cementa

Fotogrametrija je:

a) pouzdana metoda za svakodnevnu praksu
b) nepouzdana metoda za svakodnevnu praksu
¢) pouzdana samo za odredene slucajeve

Za zatvaranje prostora posle ekstrakcije zuba najéesce se
koristi:

a) metoda sa elasti¢nim koncima

b) primena mobilnih aparata

¢) primena prstenova

Karcinomi kozZe se uglavnom javljaju:
a) u regiji grudnog kosa

b) u predelu ekstremiteta

c) uregiji glave i vrata

Ukupan karijes zuba kod dece uzrasta 12 i 15 godina
iznosio je:

a) 7,34%

b) 8,99%

) 11,33%

10.

11.

12.

13.

14.

15.

16.

. Dodatak Bi2 03 kao rendgenkontrastnog sredstva

utice na:

a) smanjenu rastvorljivost cementa

b) poveéanu rastvorljivost cementa

¢) ve¢u mehanicku otpornost cementa

Fotogrametrija je:

a) jednostavna i precizna metoda

b) jednostavna i manje precizna metoda
¢) komplikovana i precizna metoda

Merenje postekstrakcionog prostora je neophodno i
najcesce se realizuje:

a) lenjirom

b) nanijusom

c) fotogrametrijom

Najznacajniji faktor rizika za nastanak karcinoma koze je:
a) izlaganje UV zracima

b) izlaganje IC zracima

c) izlaganje halogenom svetlu

Ki O kod dece uzrasta 12 godina je iznosio:
a) 81%
b) 64%
) 57%

Novosintetisani cement ACBO DENT je pokazao:
a) odgovarajucu biokompatibilnost

b) neodgovaraju¢u biokompatibilnost

¢) nedovoljnu biokompatibilnost

Elasti¢ni lanac je:

a) veoma efikasan mehanizam za zatvaranje
postekstrakcionog prostora

b) neefikasan mehanizam za zatvaranje
postekstrakcionog prostora

¢) pouzdan samo u posebnim slucajevima

Zatvaranje postekstrakcionog prostora se najcesce radi u
okviru terapije:

a) fiksnim ortodonskim aparatima

b) mobilnim ortodonskim aparatima

¢) samo kod kombinovanih radova
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17.

18.

19.

20.

2L

22.

23.

24.

25.

26.

27.

Glavni razlog za nastanak frakture NiTi je:
a) torzioni stres

b) cikli¢ni zamor

¢) torzioni stres i cikli¢ni zamor

Novosintetisani cement ACBO DENT je pokazao:
a) zadovoljavajucu rendgenkontrastnost

b) nezadovoljavajuéu rendgenkontrastnost

¢) nedovoljnu rendgenkontrastnost

Prose¢na vrednost smanjenja $irine postekstrakcionog
prostora digitalnim kaliperom je iznosila:

a) 1,00 mm

b) 1,02 mm

¢) 1,04 mm

K O kod dece uzrasta 15 godina je iznosio:
a) 81,02%

b) 64%

) 57%

Rendgenkontrastnost je ispitivana kod KS cementa:
a) ACBO MPCA

b) ACBO OS

¢) ACBO DENT

Najces(¢i razlog za nastanak fraktura NiTi
instrumenta je:

a) stomatolog

b) izbor NiTi instrumenata

c) anatomija kanala

Grupa dece uzrasta od 15 godina obuhvatila je:
a) 175 dece
b) 195 dece
¢) 235 dece

Kalcijum-silikatni cement ACBO DENT
se moZe koristiti:

a) za punjenje kanala

b) za direktno prekrivanje pulpe

c) za reparaciju kompozitnih ispuna

Zatvaranje postekstrakcionog prostora
je realizovano kod:

a) 19 pacijenata

b) 29 pacijenata

c) 38 pacijenata

Najc¢es¢i maligni tumori su:
a) karcinomi koze

b) melanomi koZe

¢) sarkomi koze

Kao rendgenkontrastno sredstvo kod ACBO DENTA
je koriScen:

a) SRCO3

b) Ca CO3

c) Mg CO3

28.

29.

30.

31.

32.

33.

34.

Uzorak u istrazivanju postekstrakcionog prostora je
¢inilo:

a) 19 postekstrakcionih prostora

b) 38 postekstrakcionih prostora

¢) 42 postekstrakciona prostora

Siroka primena NiTi instrumenta dovela je do:
a) udestalijih fraktura

b) smanjenja loma

¢) manjih briga kod stomatoloskih prakti¢ara

Razblazenja ekstrakta cementa ACBO DENT:
a) uticala su na vijabilnost L 929 ¢elija

b) nisu uticala na vijabilnost L 929 Celija

¢) uticala su na vijabilnost samo kod MTA

Najcesce zatvaranje postekstrakcionih prostora je
realizovano posle ekstrakcije:

a) prvih premolara

b) drugih premolara

c) o¢njaka

Uvodenje NiTi instrumenta u endodonsku praksu je:
a) olaksalo re$avanje endodonskih problema

b) otezalo resavanje endodonskih problema

¢) endodonsku terapiju uc¢inilo nedostupnom

Kao kontrolni materijal u ispunjavanju
biokompatibilnosti ACBO DENTA koriscen je:
a) fosfatni cement

b) kalcijum-aluminatni cement

¢) PORTLAND cement

Pracenje zatvaranja postekstrakcionih prostora je bilo:
a) tokom dva meseca

b) tokom cetiri meseca

) tokom Sest meseci

35. Ucestalost karijesa kod $kolske dece je proveravana kod:

36.

37.

38.

a) 309 dece
b) 409 dece
¢) 509 dece

Kontrolni pregledi pri pracenju zatvaranja
postekstrakcionih prostora su radeni:

a) svake sedmice

b) svake dve sedmice

¢) svake Cetiri sedmice

Grupa dece uzrasta od 12 godina obuhvatila je:
a) 214 dece
b) 314 dece
) 324 dece

Vijabilnost ¢elija pri proveri biokompatibilnosti je
utvrdivana pomocu sredstva:

a) kristal violet

b) alizarin crveno

¢) srebro-nitrata



39.

40.

41.

42.

43.

44.

Odgovore slati na email adresu Urednistva casopisa ,,Stomatoloski glasnik Srbije“ ili na adresu Stomatoloske
komore Srbije (Uzun Mirkova 3/3). Ta¢ni odgovori na pitanja ce se vrednovati u skladu s Pravilnikom

Merenja Sirine postekstrakcionih prostora su obavljena:

a) Sestarom
b) lenjirom
c) fotogrametrijom i digitalnim nanijusom

Rendgenkontrasnost ACBO DENTA je proveravana:
a) digitalnom radiografijom

b) primenom CT

¢) kombinacijom dve tehnike

.....

a) analiza oralnog zdravlja
b) analiza stanja tvrdih zubnih tkiva
c) analiza stanja mekih tkiva usne duplje

Celijska morfologija pri proveri biokompatibilnosti je
pracena:

a) fazno-kontrastnom mikroskopijom

b) pomocu stereo-lupe

¢) pomo¢u ra¢unarskog programa

Prose¢no smanjenje $irine postekstrakcionog prostora
merenjem fotogrametrijskom metodom je iznosilo:

a) 0,80 mm

b) 1,00 mm

¢) 1,10 mm

U prevenciji stanja oralnog zdravlja najcesce se posmatra

stanje:

a) dece predskolskog uzrasta
b) dece skolskog uzrasta

¢) odraslih osoba

45.

46.

47.

48.

49.

50.
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Zadovoljavajuci kontrast kod ACBO DENTA
obezbeduje:

a) 10% SR CO3

b) 20% SR CO3

c) 30% SR CO3

Biokompatibilnost ALBO DENTA je proveravana:
a) na kulturi celija

b) implantacijom u potkozno tkivo pacova

c) aplikacijom u zube pacova

Ucestalost karijesa kod $kolske dece
je proveravana na:

a) teritoriji opstine Cukarica

b) teritoriji op$tine Novi Beograd

c) teritoriji op$tine Zemun

ALBO DENT pokazuje bolju biokompatibilnost:
a) samo od cementa Portland

b) samo od MTA

¢) i od cementa Portland i od MTA

Biokompatibilnost ACBO DENTA je proveravana na:
a) fibroblastima misa L929
b) fibroblastima mi$a K838
¢) fibroblastima misa M233

Ucestalost karijesa kod $kolske dece utvrdivana je kod
$kolske dece uzrasta:

a) 8110 godina

b) 101 12 godina

c) 12115 godina

o kontinuiranoj medicinskoj edukaciji zdravstvenih radnika.
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Uputstvo autorima za pripremu rada

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

Svi rukopisi se podvrgavaju recenziji. Radove recenziraju
dva anonimna stru¢njaka i, ukoliko je potrebno, statisti-
¢ar. Kona¢nu odluku o prihvatanju rada za $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 Stampaju na engleskom i srpskom jeziku.

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

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

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

Struktura rada Originalni rad treba da sadrzi sledece
podnaslove: Uvod (sa ciljem rada), Materijal i metode ra-
da, Rezultati, Diskusija, Zakljuc¢ak 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 uspesni u
oblasti kojom se bave i koji navedu najmanje pet autocita-
ta radova publikovanih u ¢asopisima s recenzijom.

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

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

Tabele Tabele se oznacavaju arapskim brojevima prema
redosledu navodenja u tekstu, a moraju biti uradene u
programu Word, kroz meni Table-Insert-Table, uz defi-
nisanje ta¢nog broja kolona i redova koji ¢e ¢initi mrezu
tabele. 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 Stampu 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.
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Propratno pismo Uz rukopis obavezno priloziti pismo
koje su potpisali svi autori, a koje treba da sadrzi: izjavu
da rad prethodno nije publikovan i da nije istovremeno
podnet za objavljivanje u drugom casopisu, te izjavu da
su rukopis prod¢itali 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), preporu¢enom
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 i pretplatnici na ¢asopis
za godinu u kojoj predaju rad za publikovanje.

Adresa:

Srpsko lekarsko drustvo

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

11000 Beograd

Srbija

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

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

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

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

The journal is published in English and Serbian.

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

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

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

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

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

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

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

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

Photographs Photographs should be marked in Arabic
numbers in the order of appearance in the text. Only
original digital photographs (black-and-white or color),
resolution of 300 dpi, and .tiff or .jpg format, are accept-
able. If authors do not posses or are not able to provide
digital photographs, then the original photos should be
scanned as Grayscale (or RGB color) with resolution of
300 dpi, and saved in original size.



Schemes Schemes should be drawn in CorelDraw or Ado-
be Illustrator programmes. The text in the scheme should
be typed in Times New Roman, font size 10 pt.

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

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

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