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Sazetak

Svrha: Koristenjem koni¢ne kompjutorizirane tomografije (CBCT-a) Zeljela se odrediti moguénost
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centriranja Twisted Fileom™ u usporedbi sa strojnim sustavom Revo-S®. Materijali i metode: Ce-

trdeset bukomezijalnih kanala maksilarnog prvog kutnjaka sa zakrivljenos¢u od 25° do 30° podi-
jeljeni su u dvije skupine po 20, ovisno o koristenom sustavu (skupina 1: Twisted File™; skupina
2: strojni sustav Revo-S®). Svi zubi slikani su CBCT-om te im je odreden oblik korijenskih kanala
prije instrumentacije i nakon toga postupka. Zatim su slike digitalno obradene Image Tools Sof-
twareom i izracunat je omjer centriranja kanala. Rezultati su statisti¢ki analizirani t- i Mann-Whit-
neyjevim testom. Stupanj statisticke znacajnosti postavljen je na ,05. Rezultati: Ni kod jednog
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sustava centriranje nije bilo besprijekorno te izmedu dviju eksperimentalnih skupina nije bilo sta-

tisticki znacajnih razlika (p<0,05). Zaklju¢ak: Ni jedan od procijenjenih strojnih sustava nije bio
savrseno ucinkovit tijekom biomehanicke obrade korijenskih kanala jer su oba prouzrocila po-

mak sredine kanala.
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Uvod

Instrumentacija korijenskih kanala jedan je od temelja
endodontske terapije i neposredno je povezana s dezinfekci-
jom i punjenjem (1).

Svrha joj je dobiti koni¢ni oblik kanala s najmanjim pro-
mjerom na apikalnom otvoru i najve¢im na ulaznom, kako
bi se omogucili u¢inkovita irigacija i punjenje (2), bez devi-
jacije od ishodisne trajektorije (3,4). Ako je kanal zakrivljen,
endodontska terapija je teza i postoji tendencija odstupanja
od izvorne osovine kanala, bez obzira na tehnike instrumen-
tacije (5).

Strojni instrumenti izradeni od nikal-titanija, zahvalju-
juéi superelasticnim svojstvima, mogu zadrzati izvorni oblik
kanala bez vece transportacije ili pogresaka poput zipa, luka,
perforacija ili oslabljivanja stijenke opasne zone u zakrivlje-
nim kanalima (6). Konstruirano je mnogo instrumenata za
strojnu obradu, razli¢itih popre¢nih presjeka, ostrica, navoj-
nog uspona i koniciteta (7, 8).

Nedavno je SybronEndo predstavio potpuno nov proi-
zvodni postupak za instrumente potrebne za strojnu obradu

Introduction

Root canal preparation is one of the major components
of endodontic treatment, and it is directly related to sub-
sequent disinfection and filling (1). The aim of root canal
preparation is to form a continuously tapered shape with the
smallest diameter at the apical foramen and the largest at the
orifice to allow effective irrigation and filling (2) without de-
viating from the original trajectory (3,4). When curvature is
present, endodontic preparation becomes more difhicult, and
there is a tendency for all preparation techniques to divert
the prepared canal away from the original axis (5).

Nickel-titanium (NiTi) rotary instruments, owing to
their superelastic properties, are able to maintain the origi-
nal canal shape without any significant transportation or cre-
ation of irregularities such as zipping, ledges, perforations, or
danger zones, in curved canals (6). Many types of rotary root
canal instruments have been introduced, varying in cross-
section, blade and pitch design, and taper (7,8).

Recently, a completely different manufacturing process
has been developed by SybronEndo to create a new rotary
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korijenskih kanala nazvan Twisted File™ (SybronEndo, Kali-
fornija, SAD). Ti instrumenti imaju trokutasti presjek s kon-
tinuiranim konicitetima od .04, .06, .08, .10 1 .12 i veli¢inu
vrhova od 25 do 50. Proizvoda¢ tvrdi da tri nova postupka u
proizvodnji tih instrumenata — R-faza obrade toplinom, svi-
janje metala i posebno obradivanje povrsine — znatno prido-
nose otpornosti na ciklicko zamaranje materijala i fleksibil-
nost ¢ak i kod instrumenata koniciteta .06, .08, .10, 1 .12, te
se moze saCuvati izvorni centar korijenskog kanala i minimi-
zirati njegova transportacija, ¢ak ako je i jako zakrivljen (5,
9-12).

Micro-Mego' takoder je proizveo novi sustav instrumena-
ta kako bi se pojednostavnila inicijalna endodontska terapija
i optimiziralo ¢iséenje. Asimetri¢ni rezni profil instrumenata
Revo-S’ (Micro-Mega, Besangon, Francuska) olaksava njihov
ulazak pomacima poput zmijskih i omogucuje prilagodeno
oblikovanje korijenskih kanala prema bioloskim i ergonom-
skim zahtjevima. Taj sustav omogucuje temeljito ¢is¢enje i
apikalno ispiranje, $to zadovoljava anatomske i ekoloske kri-
terije kanala. Sustav se sastoji od samo dvaju instrumenata za
obradu pocetnog dijela kanala (SC1 i SC2) te jednoga za re-
kapitulaciju, ¢is¢enje (SU) i apikalnu obradu (AS 30, AS 35,
AS 40) (13).

Nakon endodontske instrumentacije, neinvazivna meto-
da za procjenu promjene geometrije korijenskih kanala jest
kompjutorizirana tomografija visoke rezolucije (CT) koja
omogucuje trodimenzionalnu procjenu prije instrumentaci-
je i nakon nje, te to¢ne izracune metrickih vrijednosti (14).
Koni¢na kompjutorizirana tomografija (CBCT) rabi se ako
je potrebno znati kakva su tvrda tkiva maksilofacijalnog po-
dru¢ja. CBCT omogucuje visoku rezoluciju — manju od mi-
limetra — na slikama velike dijagnosticke kvalitete, kratko
vrijeme snimanja (10 do 70 sekundi) te niske apsorpcijske
doze zradenja — ¢ak do 15 puta nize od uobicajenih (15).

Samo su se u nekoliko studija analizirale mogu¢nosti su-
stava Twisted File™ i Revo-S’ da zadrze morfologiju korijen-
skih kanala. § pomo¢u CBCT-a u ovom smo istrazivanju
pokusali odrediti centriranje obaju sustava i medusobno ih
usporediti.

Materijali i metode

Odabir i priprema uzoraka

Odabrano je 40 bukomezijalnih kanala ekstrahiranih
ljudskih prvih maksilarnih kutnjaka (duzine 20 — 21mm) iz
zbirke zuba Odjela za protetiku i orofacijalnu kirurgiju (De-
partment of Prosthetics and Oral and Facial Surgery) Sto-
matoloskog fakulteta Federalnog sveudilista u Pernambucu.
Koristenje je odobrilo Eticko povjerenstvo Centra za zdrav-
stvene znanosti te visokoskolske ustanove. Odabrani bu-
komezijalni korijeni imali su potpuno formirane apekse i
znatnu zakrivljenost kanala — od 25° do 30° u odnosu na teh-
niku pristupnog kuta (16). Pripremljeni su pristupni kavite-
ti i odredena radna duzina (WL) instrumenta #10 Senseus-
Flexofile (Dentsply/Maillefer, Ballaigues, Svicarska) kojim se

Cone Beam Computed Tomography

file for root canal preparation called the Twisted File™ (Sy-
bronEndo, California, USA). These files have a triangular
cross-section with constant tapers of .04, .06, .08, .10, and
.12. They are available in five tip sizes from 25 to 50. The
manufacturer claims that the three new manufacturing pro-
cesses of these files, namely R-phase heat treatment, twist-
ing of the metal, and special surface conditioning, signifi-
cantly increase the instrument’s resistance to cyclic fatigue
and flexibility, even with .06-, .08-, .10-, and .12-tapered in-
struments, maintaining the original canal center and mini-
mizing canal transportation even in severely curved root ca-
nals (5,9-12).

A new NiTi file sequence has been developed by Micro-
Mega'. Its purpose is to simplify the initial endodontic treat-
ment and to optimise the cleaning. The asymmetrical cut-
ting profile of the Revo-S™ (Micro-Mega, Besancon, France)
facilitates penetration by a snake-like movement, and offers
a root canal shaping which is adapted to the biological and
ergonomic imperatives. This system promotes a thorough
root cleaning, and also offers apical finishing which is closely
adapted to the anatomical and ecological criteria of the canal.
It is composed of only two instruments for apical penetra-
tion (SCI and SC2), a recapitulating and cleaning instru-
ment (SU), and apical finishing instruments (AS30, AS35,
AS40) (13).

A nondestructive method to evaluate changes of root ca-
nal geometry after endodontic preparation is the high-reso-
lution computerized tomography (CT) that allows three-di-
mensional evaluation of root canal geometry before and after
preparation, yielding a mass of exact metric data (14). Cone-
beam computed tomography (CBCT) systems have been de-
signed for imaging of hard tissues of the maxillofacial region.
CBCT is capable of providing sub-millimeter resolution in
images of high diagnostic quality, with short scanning times
(10-70 seconds) and radiation dosages reportedly up to 15
times lower than those of conventional scans (15).

There have been few studies published on the ability of
the Twisted File™ and Revo-S’ rotary systems to maintain
root canal morphology. By means of the cone beam comput-
ed tomography, the present study set out to determine the
centering ability of the Twisted File™ rotary system compared
with the Revo-S’ rotary system.

Materials and Methods

Selection and preparation of samples

Forty mesiobuccal canals of extracted human maxillary
first molars (length, 20-21 mm) obtained from the tooth
bank of the Department of Prosthetics and Oral and Fa-
cial Surgery of the Federal University of Pernambuco, were
selected with the approval of the Ethics in Research Com-
mittee of the Center of Health Sciences of the University.
The mesiobuccal roots had completely formed apices and se-
verely curved root canals whose curvature ranged from 25°
to 30° according to the canal access angle (CAA) technique
(16). The access cavities were prepared, and to determine the
working length (WL), a #10 Senseus-Flexofile (Dentsply/
Maillefer, Ballaigues, Switzerland) was inserted into the me-
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obradivao bukomezijalni kanal dok se nije pokazao na apek-
su korijena. Radna duzina (WL) uzeta je kao vrijednost od
jednog milimetra manja od vizualno odredene duzine.

Dobivanje predoperativnih radiogramskih prikaza

Zubi su pohranjeni u plasti¢ne posudice napunjene al-
ginatnim hidrogelom (Jeltrade; Dentsply, Petropolis, Brazil)
kako bi se, prema ranije opisanoj metodi, dobile §to sli¢nije
slike prije i poslije instrumentacije (17).

Kada se alginat stvrdnuo, svi su zubi skenirani CBCT-
uredajem (i-Cat, Imaging Sciences International, Hatfield,
PA, SAD) radi utvrdivanja oblika korijenskog kanala prije
instrumentiranja. Vrijeme ekspozicije iznosilo je 26,9 sekun-
di pri 120 kW i 7 mA. Za svaki zub dobivena su ukupno ce-
tiri horizontalna popre¢na presjeka za svaki korijen. Prikazi
su rezani na Cetirima tockama koje su se nalazile 15 milime-
tara (koronarni dio korijena) — (0), 9 milimetara (srednji dio
korijena) — (1), 3 milimetra (2) i I milimetar (apikalni dio) —
(3) od apeksa zubnog korijena. Svi su razvrstani i spremljeni
za daljnju usporedbu.

Instrumentacija korijenskih kanala

Uzorci su nasumce podijeljeni u dvije skupine s po 20
korjenova u svakoj. Instrumentacija je obavljena prema pre-
porukama proizvodaca. Nakon slucajne raspodjele po sku-
pinama, zubi su dodatno klasificirani, ovisno o stupnju za-
krivljenosti kanala, u prosje¢no zakrivljene i one znatnije
zakrivljene te su podjednako rasporedeni u obje skupine.

Skupina 1: strojni instrumenti Twisted File™. Korijenski
kanali instrumentirani su s 300 rpm-a sljede¢im slijedom: (a)
instrument #25,08 koriSten je u koronarnoj tre¢ini korijen-
skog kanala, (b) instrument #25,06 rabio se do cetiri mili-
metra kra¢e duzine od ustanovljenog W1L-a, a () instrumen-
ti #25,04 i #25,06 uporabljali su se do pune radne duzine
(WL-a).

Skupina 2: strojni sustav Revo-S'. Korijenski kanali in-
strumentirani su s 300 rpm-a ovim redom: (a) instrument
#25,06 (SC 1) koristen je u koronarnoj tre¢ini korijenskih
kanala, (b) instrumenti #25,04 (SC 2) i #25,06 (SU) rabili
su se do pune radne duzine (WL-a).

Uzorci su stavljeni u skrip (Neboluz, Sao Paulo, Brazil)
i uévriéeni kako bi bili nepomi¢ni tijekom instrumentacije.
Nakon obrade sa svakim instrumentom kanali su irigirani s
tri mililitra svjeze pripremljene otopine 1-postotnog natrije-
va hipoklorida (1% NaOCI) (Roval, Recife, Brazil). Tijekom
rada je kao sredstvo za podmazivanje koristen Glyde™ (Dent-
sply, Maillefer, Ballaigues, Svicarska).

Sve kanale obradivao je jedan operater vijest u strojnoj in-
strumentaciji korijenskih kanala. Svaki instrument promije-
njen je nakon obrade pet korijenskih kanala, bez obzira na to
$to je nakon svakog koristenja pregledan i ispitan je li o$tecen,
a ako se pojavio kakav deformitet ili lom zamijenjen je i pri-
je. Za rotaciju je koristen elektriéni motor (Driller Endo-Pro
Torque, Sao Paulo, Brazil) s brzinom vrtnje od 300 rpm-a.

Dobivanje postoperativnih radiogramskih prikaza

Nakon instrumentacije korijenskih kanala uzorci su po-
stavljeni isto kao i predoperativni prikazi. Postoperativni pri-
kaz snimljen je u kompjutor radi usporedbe.

Cone Beam kompjuterizirana tomografija

siobuccal canal until it was visible at the apical foramen. The
WL was calculated to be 1 mm less than the length obtained
with this initial file.

Obtaining the preoperative images

The roots were stored in alginate hydrogel (Jeltrade;
Dentsply, Petropolis, Brazil) poured in plastic containers to
ensure a very close approximation of the preoperative and
postoperative images according to a previously described
method (17).

After the alginate solidified, all teeth were scanned by
CBCT (i-Cat, Imaging Sciences International, Hatfield, PA,
USA) to determine the root canal shape before instrumen-
tation. The exposure time was 26.9 seconds, operating at
120kV and 7mA. A total of 4 horizontal cross-sectional cut
planes from each root were obtained. The images were sec-
tioned into four points, located respectively at 15 mm (cor-
onal level)-(0), 9 mm (mid-root level)-(1), 3mm (2), and
Imm (apical level)-(3) from the apex. The images were saved
in a computer for later comparison.

Root canal preparation

The specimens were randomly divided into two groups
with 20 root canals each. All instrumentation was performed
according to each manufacturer’s instructions. Random dis-
tribution of the groups considered the degree of canal curva-
ture, allowing the average curvature, as well as the more se-
vere cases, to be evenly allocated to each group:

Group 1: Twisted File™ Rotary System. The canals were
instrumented at a rotational speed of 300 rpm as follows: (a)
the #25.08 file was used up to the coronal one third of the
root canal, (b) the #25.06 file was used up to 4 mm short of
the WL, and (c) the #25.04 and #25.06 files were used up
to the full WL.

Group 2: Revo-S' Rotary System. The canals were instru-
mented at a rotational speed of 300 rpm as follows: (a) the
#25.06 (SC1) file was used up to the coronal one third of the
root canal, and (b) the #25.04 (SC2) and #25.06 (SU) files
were used up to the full WL.

The specimens were fastened to a morse (Neboluz, Sao
Paulo, Brazil) to keep them immovable during preparation.
After the use of each file, the root canals were irrigated with
3 mL of a freshly prepared 1% sodium hypochlorite solution
(Roval, Recife, Brazil). Glyde™ (Dentsply, Maillefer, Bal-
laigues, Switzerland) was used as a lubricant during instru-
mentation. A single operator experienced in rotary systems
prepared all root canals. Each instrument was changed after
five canals. Instruments were examined after every use to re-
cord and reject deformed or fractured instruments. The elec-
tric motor (Driller Endo-Pro Torque, Sao Paulo, Brazil) was
used at a speed of 300 rpm.

Obtaining the postoperative images

After instrumentation, the specimens were scanned un-
der the same conditions as the initial scans. The postopera-
tive images were captured by a computer.
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Procjenjivanje sposobnosti centriranja

Predoperativni i postoperativni 3D prikazi usporedeni su
Image Tool softwareom (University of Texas Health Science
Center, Texas, SAD) (slika 1.). Gambill i suradnici (18) de-
finirali su omjer mogu¢nosti centriranja kao svojstvo instru-
menta da ostane u sredini kanala. Omjer je racunat za svaki
presjek koristenjem sljedeée jednadzbe (slika 2.):

D1: (X1 - X'1)/(X2 - X'2)

D2: (YT -Y'1)/(Y2-Y"2)

Pritom je D1 bukolingvalna mjera, a D2 meziodistalna.

X1 je najkraca udaljenost iz bukalnog smjera korijena do
ruba neinstrumentiranog kanala. X’1 je najkraca udaljenost
iz bukalnoga smjera korijena do ruba instrumentiranog ka-
nala. X2 najkraca je udaljenost iz lingvalnoga smjera korijena
do ruba neinstrumentiranog kanala. X'2 najkraca je udalje-
nost iz lingvalnoga smjera korijena do ruba instrumentira-
nog kanala. Y1 je najkra¢a udaljenost iz mezijalnog smjera
korijena do ruba neinstrumentiranog kanala. Y’1 najkraca je
udaljenost iz mezijalnog smjera korijena do ruba instrumen-
tiranog kanala. Y2 najkraca je udaljenost iz distalnoga smje-
ra korijena do ruba neinstrumentiranog kanala. Y’2 najkra¢a
je udaljenost iz distalnog smjera korijena do ruba instrumen-
tiranog kanala.

Prema toj formuli rezultat 1, oznacava savr$enu mogu¢-
nost centriranja.
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Slika 1. Prikazi koronarne, sredisnje i apikalne trecine prije i
poslije instrumentacije korijenskih kanala sustavom
Revo-S®

Figure 1 Image taken of the coronal, mid-root and apical region
before and following root canal preparation with the
Revo-S® rotary system

Before

Statisticka analiza podataka

Podaci su zbrojeni s pomo¢u apsolutne frekvencije i re-
lativnog postotka, a numericki podaci dobiveni su deskrip-
tivnom statistikom lokalizacije i rasipanja. Rezultati su sta-
tisticki analizirani koristenjem # i Mann-Whitneyjeva testa.
Stupanj znacajnosti postavljen je na 0,05, a rabio se stati-
sticki paket za dru$tvene znanosti, verzija 13 (SPSS, Chica-

go, SAD).

Cone Beam Computed Tomography

Evaluation of centering capacity

Using the Image Tool software (University of Texas
Health Science Center, Texas, USA) the preoperative and
postoperative images were compared (Figure 1). Gambill ez
al. (18) defined centering ratio as the measurement of the
ability of the instrument to stay centered in the canal. This
ratio was calculated for each section using the following ra-
tio (Figure 2):

DI1: (X1 - X'1)/(X2 - X'2)

D2: (Y1 -Y'1)/(Y2-Y2)

Where D1= the buccolingual measurement and D2 = the
mesiodistal measurement.

Xl=shortest distance from the buccal aspect of the root
to the periphery of the uninstrumented canal. X’1= shortest
distance from the buccal aspect of the root to the periphery
of the prepared canal. X2=shortest distance from the lingual
aspect of the root to the periphery of the uninstrumented
canal. X’2= shortest distance from the lingual aspect of the
root to the periphery of the prepared canal. Y1=shortest dis-
tance from the mesial aspect of the root to the periphery of
the uninstrumented canal. Y’1= shortest distance from the
mesial aspect of the root to the periphery of the prepared ca-
nal. Y2=shortest distance from the distal aspect of the root
to the periphery of the uninstrumented canal. Y’2= shortest
distance from the distal aspect of the root to the periphery of
the prepared canal. According to this formula, a result of 1
indicates a perfect centering ability.

BEFORE
Mesial

Buccal Lingual
Distal
AFTER
Mesial

Buccal Lingual

Distal

Slika 2. Shematski prikaz kako su dobiveni omjeri za centriranje
na zubu

Figure 2 Schematic representation of the image showing how
centering ratios of the tooth were derived

Statistical analysis of the data

The categorical data were summarized by means of abso-
lute frequency and relative percentage and the numeric da-
ta by means of the usual descriptive statistics of location and
dispersion. The results were statistically analyzed using the 7
test and the Mann-Whitney test. A level of significance of .05
was adopted, using the Statistical Package for the Social Sci-
ences, version 13 (SPSS, Chicago, USA).

225



226

Menezes Aguiar i sur.

Rezultati

Tablica 1. predstavlja deskriptivnu statistiku bukolin-
gvalnih (D1) i meziodistalnih mjerenja (D2), ovisno o ko-
riStenom strojnom sustavu i instrumentiranom dijelu kori-
jenskog kanala i to na udaljenostima od 15 milimetara (0),
devet milimetara (1), tri milimetra (2) i jedan milimetar (3)
od apeksa zubnog korijena. Tablica pokazuje srednje vrijed-
nosti D1 koje su se kretale od 0,40 do 1,45 te D2 od 0,20 do
1,35. Nije bilo statisticki znacajne razlike izmedu dviju sku-
pina. Oba strojna sustava — i Twisted File™ i Revo-S Rotary,
uzrokovali su devijaciju kanala.

Cone Beam kompjuterizirana tomografija

Results

Table 1 presents the main descriptive statistics of the buc-
colingual measurement (D1) and mesiodistal measurement
(D2) according to the rotary system used and the root seg-
ment instrumented at distances of 15 mm (0), 9 mm (1),
3mm (2), and 1mm (3) from the apex.

This table shows that the means of D1 ranged from 0.40
to 1.45, and the means of D2 ranged from 0.20 to 1.35.
There were no statistically significant differences (p > 0.05)
between the two groups. Both Twisted File™ and Revo-S' Ro-
tary Systems produced canal deviation.

Tablica 1. Srednja vrijednost i standardna devijacija bukolingvalne i meziodistalne mjere, ovisno o koristenom instrumentu i mjerenom dijelu

korijenskog kanala

Table1  Mean and standard deviation of the buccolingual and mesiodistal measurements according to the instrument used and the root
segment instrumented.
Skupina ® Group Dio k;rij sl apglleneiine Mjera * N Srednja vrijednost ® Mean SD
oot segment Measurement

1 0 D1 20 1.45 1.65
1 0 D2 20 0.76 0.76
1 1 D1 20 0.75 1.49
1 1 D2 20 0.82 1.00
1 2 D1 20 1.02 1.23
1 2 D2 20 1.35 1.63
1 3 D1 20 0.98 0.96
1 3 D2 20 0.28 0.49
2 0 D1 20 1.30 1.92
2 0 D2 20 0.51 0.64
2 1 D1 20 0.75 1.23
2 1 D2 20 0.22 0.67
2 2 D1 20 0.40 0.52
2 2 D2 20 0.20 0.35
2 3 D1 20 1.20 2.04
2 3 D2 20 0.58 0.98

N - broj uzoraka ¢ number of specimens

SD - standardna devijacija ® standard deviation

D1 - bukolingvalna dimenzija ¢ buccolingual measurement

D2 — meziodistalna dimenzija ® mesiodistal measurement

Rasprava Discussion

Oblikovanje korijenskog kanala jedna je od osnovnih fa-
za endodontske preparacije (2) pri ¢emu zakrivljenost oteza-
va njihovu instrumentaciju. Na obradu zakrivljenih korijen-
skih kanala utje¢e nekoliko ¢imbenika, poput savitljivosti i
promjera endodontskih instrumenata, tehnike rada, smjesta-
ja apikalnog foramena i tvrdoce dentina. Stvaranje stepenice,
nastanak zacepljenja ili perforacije, devijacije i transportaci-
ja apikalnog foramena, nezeljene su posljedice koje se mo-
gu dogoditi pri instrumentaciji zakrivljenih korijenskih ka-
nala (19).

Uporaba instrumenata od nikal-titanija (NiTi) omogu-
¢ila je sigurniju i jednostavniju obradu kanala slozenih ana-
tomskih svojstava (20). U endodonciji se pocelo primjenji-
vati nekoliko strojnih sustava od toga materijala (NiTi) (8).
Oni su savitljiviji i otporniji na torzijsko puknuée negoli in-
strumenti od nehrdajuceg celika (11). Zbog toga se njima
lakse prati zakrivljenost kanala, ¢ak i onih jako zavinutih.

Root canal shaping comprises one of the fundamental
stages of endodontic treatment (2). However, the presence
of curvatures may pose difficulty in root canal instrumenta-
tion. The results of instrumenting curved root canals are in-
fluenced by several factors, such as flexibility and diameter
of the endodontic instruments, instrumentation techniques,
location of the foramen, and hardness of the dentin. Ledge
formation, blockages, perforations, deviations, and apical
transportation are undesirable accidents that have occurred
during preparation of curved root canals (19).

The introduction of NiTi instruments allowed a safer and
easier preparation of canals with complex anatomic charac-
teristics (20). Several NiTi rotary instrument systems have
been introduced to endodontics (8). These instruments offer
greater flexibility and more resistance to torsional separation
than stainless steel files (11). Because of these features, they
are better able to maintain curvature even in severely curved
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Ako se izvorni kanal uspije sacuvati koliko god je moguce,
mogu se izbje¢i mnoge jatrogene komplikacije nakon ¢isée-
nja i oblikovanja korijenskih kanala (21).

Kako bi se smanjile kanalne aberacije, razvijeni su novi
nikal-titanijski (NiTi) instrumenti, poput sustava koje smo
usporedivali u ovom istrazivanju. Odabrani su zbog svojih
posebnosti u odnosu na druge sustave, kao $to su proizvodni
postupak i asimetri¢an rezni profil.

U literaturi postoje podaci za koristenje nekoliko meto-
da za odredivanje uc¢inkovitosti endodontskih instrumenata
u korijenskim kanalima (1,3-8,18,21,22). Jedna od njih ko-
risti se radiografskom platformom (21,23,24). No to omo-
gucuje samo dvodimenzionalni uvid u biomehanicku instru-
mentaciju i ne moze se vidjeti tre¢a dimenzija korijenskih
kanala. Tehnika serijskih rezova uobicajena je, ali zahtijeva
sloZeno rezanje zuba te se mogu pojaviti nepoznate promje-
ne i gubitak u materijalu (4, 18). Analiza CT-om neinvaziv-
na je metoda koja omogucuje ras¢clambu geometrije kanala
i u¢inkovitost tehnika instrumentacije (5, 14, 25). Na taj se
nacin moze usporediti anatomija kanala i struktura prije in-
strumentacije i poslije postupka. CBCT i specijalizirani pro-
gramski paket (i-CAT Cone Beam) uspjesno su primijenje-
ni u ovom istrazivanju za mjerenje korijenskih kanala prije i
poslije instrumentacije te za racunanje centriranja dvaju pro-
ucavanih strojnih sustava od nikal-titanija tijekom cis¢enja i
oblikovanja korijenskih kanala.

U ovom istrazivanju procijenili smo ucinak strojnih su-
stava Twisted File™ i Revo-S na anatomiju korijenskih kanala
s pomo¢u CBCT-a. CBCT-analiza pokazala je da oba susta-
va — i Twisted File™ i Revo-S™ — uzrokuju otklone od izvorne
anatomije kanala. Koristenu je metodologiju opisao Sanfeli-
ce sa suradnicima (17) i, prema njegovim rije¢ima, pokaza-
la se pouzdanom. Zbog rezanja nije bilo ni destruktivnog se-
gmentalnog rezanja uzoraka ni gubitka materijala korijena.
Osim ovog istrazivanja CBCT se moze uporabiti i za odredi-
vanje unutarnje morfologije zuba (26).

U ovom istrazivanju, kao i wu usporednima
(1,4,5,8,14,21,24,25), koristeni su ljudski ekstrahirani zubi.
Glavni je razlog za takav izbor to $to oni bolje simuliraju kli-
nicke uvjete od bilo kojih akrilnih blokova. Akrilna smola
nije pogodan materijal za testiranje strojnih instrumenata jer
ne oponasa pravilno mikrotvrdocu dentina i ¢este anatom-
ske varijacije prirodnih zuba (prosirenja, ovalne kanale i sl.),
pa ih se ne moze jednostavno simulirati (27). Koristeni su
bukomezijalni korijeni izvadenih maksilarnih molara jer su
obi¢no jako zakrivljeni (28). Krune su zadrzane kako bi uvje-
ti bili $to blizi klinickima kod kojih dentinska interferencija
u cervikalnom dijelu kanala ponekad stvara napetost na in-
strumentima tijekom obrade (29). Odabrane su Cetiri tocke
(redom: 15,9, 3 i 1 milimetar od vr$ka korijena) koje pred-
stavljaju koronarnu, sredi$nju i apikalnu tre¢inu korijenskog
kanala kod kojih zakrivljenost, ako postoji, pogoduje nezelje-
nim posljedicama instrumentacije.

U mnogim istrazivanjima strucnjaci su se koristili Schne-
iderovom metodom (30) za odredivanje stupnja zakrivlje-
nosti korijenskog kanala (5, 14, 21, 28). U ovom je radu
izmjerena CAA-metodom jer je uc¢inkovita poput Schneide-
rova kuta u procjeni stupnja zakrivljenosti, ali je pogodnija

Cone Beam Computed Tomography

canals. By preserving the original canal as far as possible, iat-
rogenic complications arising from cleaning and shaping can
be avoided (21). To reduce canal aberrations, new NiTi in-
struments have been developed, such as the systems investi-
gated in this study. The choice of the instruments used for
this study took into account several factors that make them
different from other systems, such as manufacturing process-
es and asymmetrical cutting profile.

A number of methods for investigating the effectiveness
of endodontic instruments in instrumenting root canals have
been used (1,3-8,18,21,22). One of these methods is the use
of the radiographic platform (21,23,24). It merely provides,
however, a two-dimensional image of the biomechanical
preparation, precluding observation of the three-dimension-
al conformation of root canals. The serial sectioning tech-
nique is a commonly used method. This technique requires a
complicated setup and a physical sectioning of the teeth be-
fore preparation can result in unknown tissue changes and
loss of material (4,18). Another method of analysis is CT, a
noninvasive method for analyzing canal geometry and the
efficiency of shaping techniques (5,14,25). With this tech-
nique, it is possible to compare the canal’s anatomic struc-
ture before and after instrumentation. CBCT and special-
ized software (i-CAT Cone Beam) were successfully used in
the present research for measurements before and after in-
strumentation of root canals and for the calculations of the
centering ability of two NiTi rotary systems during cleaning
and shaping of the root canals. The present study evaluated
the effects of Twisted File™ and Revo-S on root canal anato-
my by using CBCT. CBCT analysis showed that the Twisted
File™ and Revo-S Rotary Systems produced canal deviation.
The use of this methodology was based on the study of San-
felice et al. (17), which showed it to be reliable, without de-
structive sectioning of the specimens or loss of the root mate-
rial during sectioning. Besides, CBCT can be used as a good
method for initial identification of dental internal morphol-
ogy (20).

In the present study, as in others, human teeth were used
(1,4,5,8,14,21,24,25). The main reason for choosing human
teeth is that they simulate clinical conditions better than
acrylic blocks. Acrylic resin is not an optimal material for
testing rotary instruments because it does not reproduce the
microhardness of dentin and the frequently encountered an-
atomic variations (enlargements, oval root canals, etc.) that
cannot be easily simulated (27). Mesiobuccal root canals of
extracted human maxillary molars were used herein because
they usually present an accentuated curvature (28). Crowns
were maintained to simulate clinical conditions in which the
interference of cervical dentin projections would create ten-
sions on the files during canal instrumentation (29). Four
levels (ie, 15, 9, 3, and 1 mm from the root apex) were cho-
sen representing the coronal, middle, and apical thirds of
root canal in which curvatures, highly susceptible to iatro-
genic mishaps, usually exist.

Many studies have used the Schneider (30) method to
determine root canal curvature (5,14,21,28). In the present
study, curvature was measured by the CAA method, because
this method is as effective as the Schneider angle in evalu-

227



228

Menezes Aguiar i sur.

za mjerenje mogucnosti centriranja instrumenata za obradu
korijenskog kanala (16).

Prema navodu u literaturi, Duran-Sindreu i kolege (31)
tvrde da su instrumentima Twisted File” pobolj$ana svojstva
u odnosu na ostale instrumente. Rezultati ovog istrazivanja
pokazali su da uzrokuju morfoloske promjene poput apikal-
ne devijacije. Ti rezultati nisu u skladu s ranijim istraziva-
njem (32) u kojem se tvrdi da se instrumenti Twisted Filea™
mogu koristiti u svim klinickim slu¢ajevima, bez obzira na
anatomiju zuba. Gergi i suradnici (5) usporedili su centrira-
nje Twisted Filea", Pathfile-ProTapera” i ru¢nih ¢eli¢nih K-
instrumenata i za to su se koristili kompjutoriziranom to-
mografijom. Pronali su da je manja transportacija i bolje
centriranje s pomocu strojnih instrumenata Twisted File™.
Stern i kolege (33) takoder tvrde da se Twisted Fileom™ moze
postici centrirana preparacija.

Diemer i suradnici (34) izvijestili su da strojni sustav Re-
vo-S" omogucuje brzo oblikovanje, dobro ¢iS¢enje te ocuva-
nje izvornog smijera i polozaja kanala, $to nije u skladu s re-
zultatima naseg istrazivanja, ni s onima Hashema i njegovih
kolega (29), jer je Revo-S uzrokovao devijacije na koronar-
noj, sredisnjoj i apikalnoj trecini korijenskog kanala.

U ovom istrazivanju svi testirani sustavi prouzrocili su
devijacije (otklone) korijenskih kanala na svim ispitanim ra-
zinama. Ni jedan od procijenjenih instrumenata nije bio pot-
puno udinkovit u biomehanickoj preparaciji korijenskih ka-
nala jer su kod svih uocene morfoloske promjene.

Zbog ogranicenja u provedenom istrazivanju i zato $to
su sustavi strojne instrumentacije Twisted File™ i Revo-S'
razmjerno novi medu endodontskim alatkama, potrebna su
daljnja istrazivanja kako bi se dobile dodatne informacije.

Zakljucak

Ni jedan od analiziranih sustava instrumenata u ovom
istrazivanju nije bio potpuno ucinkovit u biomehanickoj
preparaciji korijenskih kanala jer je svaki uzrokovao odstupa-
nje (devijaciju) od izvornog kanala.

Cone Beam kompjuterizirana tomografija

ating root canal curvature and is better able to measure the
centering ability of root canal instruments (16).

According to Duran-Sindreu ez a/. (31), the Twisted File"
instruments were designed to improve properties in relation
to root canal preparation as compared with other instru-
ments. However, the results of the current study showed that
the Twisted File™ rotary systems produced morphological
changes as apical deviation. These results are in disagreement
with a previous study (32), which stated that the Twisted
File" rotary system can be used in any clinical case, regard-
less of the anatomical aspect of the tooth. Gergi ez al. (5)
compared the centering ability of the Twisted File', Pathfile-
ProTaper’, and stainless steel hand k-files by using comput-
ed tomography and observed less transportation and better
centering ability with the Twisted File™ rotary instruments.
Stern et al. (33) also related that the Twisted File” was capa-
ble of producing centered preparations.

Diemer ez al. (34) reported that the Revo-S rotary sys-
tem enables a fast shaping quality, a real cleaning and main-
tain of the original canal path, which is not in accordance
with the results of the present research and with the results
observed by Hashem ez al. (29) since the Revo-S rotary sys-
tem produced canal deviation at the coronal, middle, and
apical regions of the root canal.

In this study, all tested rotary systems resulted in canal
deviation at all examined levels. None of the instruments
evaluated in this study were totally effective in performing
the biomechanical preparation of the root canals, with mor-
phologic changes observed.

Within the limitations of this study and the fact that the
Twisted File™ and the Revo-S” are new to the array of endo-
dontic tools, further investigations are required to provide
more information on these new instruments.

Conclusions

None of the instruments evaluated in this study were to-
tally effective in performing biomechanical preparation of
the root canals, because each of them produced canal de-
viation.

Abstract

Purpose: The present study set out to determine the centering ability of the Twisted File™ rotary
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system compared with the Revo-S® rotary system by means of the cone beam computed tomog-

raphy. Material and methods: Forty mesiobuccal canals of human maxillary first molars the cur-
vature of which ranged from 25° to 30° were divided into two groups with 20 root canals each ac-
cording to the instruments used: Group 1, Twisted File™ rotary system; Group 2, Revo-S® rotary
system. All teeth were scanned by cone beam computed tomography to determine the root canal
shape before and after instrumentation. The images were captured digitally for further analysis
using the Image Tools Software. Canal centering ratio was calculated. The results were statistical-
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ly analyzed using the t test and the Mann-Whitney test. A level of significance of .05 was adopted.

Results: The perfect centering ability was not observed in either rotary system, and there were no
statistically significant differences (p >0.05) between the two groups in terms of centering ability.
Conclusion: None of the instruments evaluated in this study were totally effective in performing
biomechanical preparation of the root canals, because each of them produced canal deviation.
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