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Sazetak

Svrha rada: Transportacija apeksa vazan je cimbenik u endodontskom lije¢enju jer moze uzrokova-
ti terapijski neuspjeh. Svrha ovog istrazivanja bila je odrediti centriranost instrumentacije sustavi-
ma rotirajucih instrumenata ProTaper Universal™, Twisted File™ i Revo-S® s pomocu CBCT snimaka
prije obrade korijenskih kanala i poslije toga postupka. Materijali i metode: Trideset meziobukal-
nih korjenova ljudskih prvih donjih kutnjaka podijeljeno je u tri skupine po deset, te su obradeni
rotirajuc¢im instrumentima kako slijedi: skupina 1 — ProTaper Universalom™; skupina 2 — Twisted
Fileom™; skupina 3 — Revo-S-om®. Svi zubi snimljeni su CBCT-om kako bi se procijenio polozaj kori-
jenskog kanala prije i poslije instrumentacije (4 mm, 3 mm i 2 mm od apeksa). Slike tretiranih i netre-
tiranih kanala analizirane su softverskim programom ICAT VISION. Rezultati: Rezultati su statisticki
analizirani Kolmogorov-Smirnovljevim testom normalnosti za kvantitativne varijable. Usporedivane
su dvije skupine (Mann-Whitneyev test — nenormalna distribucija) i vise od dviju skupina (Kruskal
Wallisov test — nenormalna distribucija). Razina znacajnosti bila je postavljena na p < 0,05. Statis-
ticki znacajna razlika ustanovljena je na udaljenosti od 4 milimetra izmedu sustava ProTaper Univer-
sal i Twisted File. Za sustav Twisted File pronadena je statisticki znacajna razlika 4 i 3 milimetra od
apeksa. Zakljuéak: Ni jedan od ispitanih instrumenata nije bio potpuno ucinkovit u biomehanickoj
obradi korijenskih kanala s obzirom na to da je kod svih zabiljezeno odredeno odstupanje od izvor-
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Uvod

Uspjeh endodontskog lijecenja izravno ovisi o pravilnoj
trepanaciji, o kvaliteti biomehanicke preparacije i o herme-
tickom brtvljenu korijenskoga kanalnog sustava. Cilj je po-
sti¢i neometan pristup apikalnom foramenu kroz korijenski
kanal i pritom sacuvati njegov izvorni, konusni oblik (1 — 4).

Biomehanicka preparacija korijenskog kanalnog sustava
osobito je vazna. To ukljucuje ¢is¢enje, oblikovanje i dezin-
fekciju (5, 6). U tom kontekstu nove nikal-titanijske (NiTi)
zice potaknule su razvoj novih endodontskih instrumenata, a
time i sve ¢e$¢u zamjenu manualne tehnike instrumentacije
kanala strojnom. Razvoj rotiraju¢ih instrumenata omogucio
je vecu fleksibilnost i bolju uc¢inkovitost rezanja, a smanjen je
i broj neuspjeha povezanih s instrumentacijom kanalnog su-
stava (9).

Medu trenuta¢no dostupnim sustavima rotiraju¢ih in-
strumenata, oni izradeni od nikla i titanija, kao $to je Pro7a-
per Universal™ (Dentsply/Maillefer, Ballaigues, Svicarska), te-
melje se na tehnoloskoj inovaciji ProTaper™ i Cesto se koriste
u klini¢koj praksi. Ovaj sustav ukljucuje instrumente za obli-
kovanje kanala (SX, S1 i S2), zavr$nu obradu (F1, F2, F3, F4

oprema

Introduction

The success of endodontic treatment depends directly
on a correct coronary opening, well-executed biomechanical
preparations and on hermetic closure of the root canal sys-
tem. This leads to the attainment of free access to the apical
foramen through the root canal with a tapered conical shape,
thus preserving its original form. (1-4)

The biomechanical preparation of the root canal system
is particularly important. This involves cleaning, modelling
and disinfection, (5, 6) as well as the introduction of Nickel-
Titanium (NiTi) wires, associated with a new design of end-
odontic files, and the consequent “replacement” of manual
preparation by automatic modelling techniques. The devel-
opment of rotary instruments has provided a greater flexibil-
ity and an excellent cutting capacity, while also reducing the
number of failures related to the instrumentation of the root
canal system. (5)

Among the currently available rotary instrumentation
systems designed with nickel and titanium, ProTaper Univer-
sal™ (Dentsply / Maillefer, Ballaigues, Switzerland) is based
on a technological innovation of the ProTaper™ Rotary Sys-
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i F5) i reviziju (D1, D2 i D3), te multikoni¢ne instrumente
koji se postupno suzavaju od 2 do 19 posto u jednom instru-
mentu. Takoder se odlikuju ve¢om fleksibilnoséu pri vrhu i
ve¢om otporno$¢u na bazi svakog instrumenta, s reznim bri-
dovima pod promjenjivim spiralnim kutom, $to rezultira ve-
¢om snagom rezanja i manjim uvijanjem (1, 6 - 9).

Sustav Twisted File™ (TF) (SybronEndo, CA, SAD) pio-
nir je medu rotiraju¢im instrumentima koji sadrzavaju NiTi
zbog novoga proizvodnog procesa koji ukljucuje torziju Zice
i diferenciranu termic¢ku obradu (grijanje, hladenje i torzija),
¢ime se pogoduje stvaranju R-faze u strukturi. Posljedica su
iznimna mehanicka i fizicka svojstva, kao $to su veca fleksi-
bilnost i otpornost na zamor, pa se smanjuju ogranicenja ko-
ja namecu instrumenti proizvedeni urezivanjem (5, 6, 10).

Nikal-titanijski sustav Revo-S" (Micro-Mega, Besangon,
Francuska) razvijen je kako bi se pojednostavnilo endodont-
sko lije¢enje i optimizirao postupak ¢is¢enja. Ovaj sustav
poboljsava dubinsko ¢is¢enje korijenskog kanala i apikalnu
obradu koja zadovoljava anatomske i bioloske kriterije. Ima
dva instrumenta za pocetnu penetraciju (SC1 i SC2) i jedan
za rekapitulaciju i ¢is¢enje (SU). Takoder se proizvode instru-
menti za apikalnu zavr$nu obradu (AS30, AS35, AS40) (11
-13).

U endodontskom lije¢enju iznimno su vazne kvaliteta
i koli¢ina podataka dobivenih rendgenskim pretragama jer
utjecu na dijagnozu, planiranje i ishod terapije. Zato su se
za procjenu ucinkovitosti NiTi instrumenata u osiguravanju
centrirane instrumentacije kanala primjenjivale razlicite me-
tode. Jedna od njih je kompjutorizirana tomografija (CT) ko-
jom su se prvi put 1990. godine, kao dijagnostickim alatom u
endodonciji, koristili Tachibana i Matsumoto (14). Ova teh-
nika istraziva¢ima omogucuje vizualizaciju struktura koje ni-
su vidljive na konvencionalnim rendgenskim snimkama.

CT se u endodonciji preporucuje kao neinvazivna meto-
da za analizu geometrije kanala i odredivanje u¢inkovitosti
tehnika instrumentacije, zatim za usporedivanje anatomske
strukture korijenskog kanala prije instrumentacije i nakon
nje, te za procjenu nacina preparacije korijenskog kanala. CT
omogucuje detaljne 3D slike kanala i mjeri koli¢inu dentina
uklonjenog sa stijenki korijenskog kanala (15).

Posljednjih godina CBCT se razvio u obecavajuéi alat u
endodontskim istrazivanjima, s moguénoscu generiranja 3D
slika visoke rezolucije bez mijenjanja izvorne slike (16, 17).

Zato je svrha ovog istrazivanja bila CBCT-om procijeni-
ti centriranost rotacijskih instrumenata ProTlaper Universal,
Twisted File i Revo-S tijekom biomehanicke obrade korijen-
skih kanala i nakon toga postupka.

Root Canal Preparation with Rotary Systems

tem and is widely used in clinical practice. This system in-
cludes modelling (SX, S1 and S2), finishing (F1, F2, F3, F4
and F5) and retreatment (D1, D2 e D3) instruments, as well
as multi-tapers that range from 2 to 19% in a single instru-
ment. It also exhibits greater flexibility at the tip and greater
resistance at the base of each instrument, with cutting edg-
es at a variable helical angle, which provides greater cutting
power and leads to a lower screw effect. (1, 6-9)

The Twisted File™ (TF) (SybronEndo, CA, USA) system
represents the first real starting point for other rotary instru-
ments containing NiTi, with a new fabrication process that
involves torsion of the wire and differentiated thermal treat-
ment (heating, cooling and torsion), thus favoring the occur-
rence of the R-phase in its structure. This creates exceptional
mechanical and physical properties, such as greater flexibili-
ty and resistance to fatigue, thereby reducing the limitations
imposed by instruments that are fabricated through machin-
ing (5, 6, 10).

NiTi, the Revo-S™ (Micro-Mega, Besangon, France) sys-
tem was developed in order to simplify endodontic treatment
and optimize its cleaning. This system promotes a deep clean-
ing of the root canal and apical finishing that satisfies the an-
atomical and biological criteria of the root canal. The sys-
tem uses two instruments for the initial penetration (SC1
and SC2) and one instrument for recapitulation and clean-
ing (SU). It also offers a selection of instruments for apical
finishing (AS30, AS35, AS40). (11-13)

In endodontic therapy, the quality and quantity of the
data obtained from radiographic examinations are extremely
important since they affect the diagnosis, planning and end-
odontic treatment to be executed. Thus, different method-
ologies have been used to assess the efficiency of NiTi in-
struments in terms of maintaining the centering of the
preparation. One of these methods is computed tomography
(CT), which was first used as a diagnostic tool in endodontics
by Tachibana and Matsumoto in 1990. (14) This technique
enabled researchers to visualize structures that had not been
previously visible using conventional radiography.

CT has been recommended to endodontists as a non-in-
vasive method of analyzing the geometry of the canal, deter-
mining the efficiency of modeling techniques, comparing the
anatomical structure of the root canal before and after instru-
mentation and assessing the type of preparation of the root
canal. CT provides detailed 3D images of the canal and mea-
sures the quantity of dentin removed from the wall of the
root canal. (15)

More recently, cone beam computed tomography has
evolved into a promising tool in endodontic research, with
the capacity to provide high-resolution 3D images without
altering the original image (16, 17).

Therefore, the aim of the present study was to assess the
centering capacity of the ProTaper Universal, Twisted file and
Revo § rotary systems during and after the biomechanical
preparation of root canals using cone beam computed to-

mography.
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Materijali i metode

1) Odabir uzoraka

Za ovo istrazivanje, prije pocetka prikupljanja podataka,
pribavljeno je odobrenje Etickog povjerenstva za istrazivanja
na ljudima. Zubi su dobiveni od banke zuba Odjela za oro-
facijalnu kirurgiju i protetiku Saveznog sveuciliSta Pernam-
buco. Cuvani su u destiliranoj vodi u hladnjaku, a prije toga
dezinficirani su 30 minuta uranjanjem u 2-postotnu otopinu
glutaraldehida i sterilizirani u autoklavu.

Koristeno je 30 ljudskih trajnih donjih kutnjaka. Oda-
brani su potpuno razvijeni meziobukalni kanali svih zuba
zbog slozene anatomije i stupnja zakrivljenosti koji se kretao
od 50° do 60°, u skladu s kutom pristupa kanalu.

Kutnjaci su pregledani vizualno kako bi se odredilo je li
korijen potpuno razvijen. Nakon toga svaki je zub rendgen-
ski snimljen kako bi se potvrdilo da nema kalcifikata u mezi-
obukalnom korijenu.

Da bi se odredila radna duljina, us¢e korijenskog kana-
la dobro je isprano natrijevim hipokloritom (1%) (Roval,
Recife, Brazil), a zatim je instrument Senseus-Flexofile #10
(Dentsply/Maillefer, Ballaigues, Svicarska) pazljivo uveden u
njegovu unutrasnjost sve dok mu vrh nije dotaknuo apikalni
foramen. Od ukupne duljine oduzet je 1 milimetar, ¢ime je
dobivena radna duljina.

Zubi su oznaceni brojevima od jedan do 30 i podijeljeni u
tri skupine po 10 prije fiksiranja u vostane blokove.

2) Snimanje CBCT-om

Nacinjene su CBCT snimke uzoraka uredajem /-Cat Next
Generation sa sljede¢im postavkama: visokofrekventne X-zra-
ke 120 kV; 7mA; Zzari$na tocka 0,5 mm; ekspozicija 26,9 s;
voksel 0,2 mm (Imaging Science International Hartfield, PA,
SAD). Na taj nacin dobivene su trodimenzionalne predope-
rativne snimke svakog zuba. Od vrha korijena slike su rezane
2, 3 i 4 milimetra koronarno od vrha korijena.

3) Biomehanitka obrada korijenskih kanala

Uzorci su po skupinama instrumentirani sljede¢im susta-
vima:

BEFORE AFTER
Mesial Mesial
Buccal () Lingual Buccal .
0 @D
Distal Distal

Slika 1. Shematski prikaz kako se procjenjuje centriranost
instrumentacije, kao 3to su to opisali Gambill i sur. (1996.)

Figure 1 Schematic representation of the image used in the
assessment of centering, as described by Gambill et al.
(1996)

| 8 Bu
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Methodology

1) Sample selection

The present study received approval from the Human Re-
search Ethics Committee prior to the beginning of data col-
lection. The teeth were obtained from the Tooth Bank of the
Department of Orofacial Surgery and Prosthetics of the Uni-
versidade Federal de Pernambuco. The teeth were stored in dis-
tilled water, under refrigeration with prior disinfection by
immersion in 2% glutaraldehyde for 30 minutes and auto-
clave sterilization.

Thirty human permanent lower molars were used. The
mesiobuccal canals of all teeth with complete rhizogenesis
were selected, due to their complex anatomy and the degree
of curvature, which ranged from 50° to 60° in accordance
with the canal access angle.

The molars were examined visually to determine the com-
plete formation of the root. Subsequently, the teeth were in-
dividually radiographed to confirm the absence of calcifica-
tions in the mesiobuccal root.

In order to determine the actual working length (AWL),
the mouth of the root canal was abundantly irrigated with
sodium hypochlorite (1%) (Roval, Recife, Brazil) and a 10 #
Senseus-Flexofile (Dentsply / Maillefer, Ballaigues, Switzer-
land) was carefully introduced into the interior of the root
canal until its tip coincided with the apical foramen. Subse-
quently, I mm of the length obtained was removed, thereby
establishing the AWL.

The teeth were numbered from one to 30 and random-
ly divided into three groups of 10, before being placed on a
block of utility wax.

2) Image acquisition

The specimens were submitted to cone beam computed
tomography using the i-Cat Next Generation CT scanner,
with the following settings: high-frequency X-rays 120 kV;
7mA; 0.5 mm focal point; 26.9 s of exposure; 0.2mm vox-
el acquisition (Imaging Sciences International Hartfield, PA,
USA). Thus, three-dimensional pre-operatory images of each
tooth were obtained. From the root apex, the images were cut
2mm, 3mm and 4mm coronally to the root apex.

3) Biomechanical preparation of root canals

The groups were instrumented with the following sys-
tems:

Slika 2a,b. Slike dobivene CBCT-om prije strojne instrumentacije i
nakon toga postupka

Figure 2a,b Images obtained using cone beam computed tomography
before and after rotatory instrumentation.
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* Skupina 1: sustavom rotiraju¢ih instrumenata ProTaper

Universal™ (Dentsply/Maillefer, Ballaigues, Svicarska)
*  Skupina 2: sustavom rotirajuéih instrumenata Twisted Fi-

le™ (SybronEndo, Kalifornija, SAD)
 Skupina 3: sustavom rotiraju¢ih instrumenata Revo-S

(Micro-Mega, Besangon, Francuska)

Sve instrumentacije obavio je isti istraziva¢ iskusan u radu
s kori$tenim sustavima, kao $to je opisano u nastavku.

Elektri¢ni motor koristen je pri brzini od 300 okretaja u
minuti, u skladu s uputama proizvodaca (X-Smart, Dentsply/
Maillefer, Ballaigues, Svicarska), uz sljede¢i redoslijed upora-
be instrumenata:
¢ Skupina 1: sustav rotiraju¢ih instrumenata ProTaper Uni-

versal™

(a) SX cervikalna tredina;

(b) instrument S1 4 milimetra kraéi od radne duZine;

(c) S11iS2 do pune radne duzine;

(d) F1 i F2 do pune radne duzine.
*  Skupina 2: sustav rotiraju¢ih instrumenata Twisted File ™

(a) instrument #25,08 u cervikalnoj trecini;

(b) # 25,06 — 4 milimetra kraée od radne duzine;

(c) #25,04 1 #25,06 do pune radne duzine.
¢ Skupina 3: sustav rotiraju¢ih instrumenata Revo-S

(a) instrument #25,06 (SC1) u cervikalnoj tre¢ini;

(b) #25,04 (SC2) i #25,06 (SU) do pune radne duljine.

Za ispiranje kanala koriStena je Miltonova otopina natri-
jeva hipoklorita (1 %) koja je odabrana zbog svojstava, poput
antimikrobnog djelovanja, otapanja organskih tvari i povr-
Sinske aktivnosti s natrijevim kloridom (16 %) (Roval, Re-
cife, Brazil). Koritena je naizmjeni¢no sa 17-postotnom eti-
lendiamintetra kiselinom (EDTA) (Biodinimica, Ibiapora,
Brazil) kao kelirajuéim sredstvom. Kori$tena je svjeze pripre-
mljena 1-postotna otopina NaOCl-a (Farmacia Escola Car-
los Dumont de Andrade, Recife, Brazil). Za aplikaciju je ko-
ristena 3-ml $trcaljka sustava FCF (FCE, Sao Paulo, Brazil) s
iglom 30G (Injecta, Diadema, Brazil). Nakon svake promje-
ne instrumenta korijenski kanali isprani su s 3 mililitra otopi-
ne. Tijekom postupka ispiranja vrh igle polozen je 1 milime-
tar krace od radne duZine te je otopina aplicirana kretnjom
naprijed-natrag. Ispiranje je obavljeno na pocetku instru-
mentacije, izmedu promjena instrumenata i na kraju biome-
hanicke obrade.

Nakon zavrsetka biomehanicke obrade uzorci su ponov-
no snimljeni CBCT-om, slijedei isti protokol kao i za prvu
tomografsku snimku.

4) Procjena centriranosti instrumenta
Koristenjem softvera ICAT VISION mogle su se uspo-
rediti snimke korijenskih kanala prije instumentacije i posli-
je nje. Jednadzba Gambilla i suradnika iz 1996. (18) koriste-
na je za odredivanje centriranosti instrumentacije (slika 1.):
D1: (X1 -X'1)/(X2-X2)
D2: (Y1 -Y'1)/(Y2-Y2)
gdje je D1 = vestibulooralna udaljenost, a D2 = meziodistal-
na udaljenost.

Root Canal Preparation with Rotary Systems

*  Group 1: ProTaper Universal™ rotary system (Dentsply /

Maillefer, Ballaigues, Switzerland)

*  Group 2: Twisted File™ rotary system (SybronEndo, Cali-
fornia, USA)
*  Group 3: Revo-$ rotary system (Micro-Mega, Besangon,

France)

All of the instrumentation was performed by a single op-
erator with experience of the systems to be used, as described
below:

An electric motor was used at a speed of 300 rpm, ac-
cording to manufacturers instructions (X-Smart, Dentsply /
Maillefer, Ballaigues, Switzerland), in continuous instrumen-
tation as follows:

*  Group 1: ProTaper Universal™ rotary system

(a) SX cervical third;

(b) instrument S1 used 4 mm below the AWL;

(c) S1 and S2 for the entire AWL;

(d) F1 and F2 for the entire AWL.

*  Group 2: Twisted File™ rotary system

(a) Instrument 25.08# used on the cervical third;

(b) 25.06# used 4mm below the AWL;

(c) 25.04# and 25.06# used for the entire AWL.
¢ Group 3: Revo-S' Rotary system

(a) Instrument 25.06# (SC1) used in the cervical third;

(b) 25.04# (SC2) and 25.06# (SU) used for the entire

AWL.

A Milton solution of sodium hypochlorite (1%) - is a so-
lution used worldwide for its properties such as antimicrobial
activity, ability to dissolve organic matter and because it is sur-
face-active with sodium chloride (16%) (Roval, Recife, Brazil)
was used together with 17% ethylene diamine tetra acid (ED-
TA) (Biodinamica, Ibiapora, Brazil) as a chelating agent to irri-
gate the canals. Freshly prepared 1% NaOCI solution (Farmi-
cia Escola Carlos Dumont de Andrade, Recife, Brazil) was used
for root canal irrigation. For irrigation of the root canal, a 3-mL
FCF syringe system (FCE Sao Paulo, Brazil) with a 30-G nee-
dle (Injecta, Diadema, Brazil) was used. After each instrument
change, the root canals were rinsed with 3 mL of the irrigat-
ing solution. During the irrigation procedures, the irrigator tips
were placed 1 mm from the WL and then moved backwards
and forwards. A 3ml syringe with a 30G caliber needle (Injec-
ta, Diadema, Brazil) was also used. Irrigation was performed
at the beginning of instrumentation, between the instrumenta-
tion changes and at the end of the biomechanical preparation.

After the completion of the biomechanical preparation,
the specimens were examined using a new computed tomog-
raphy, following the same protocol described in the initial to-
mographic examination.

4) Assessment of the centering capacity

Using ICAT VISION software, it was possible to com-
pare the pre- and post-operatory images of root canals. A for-
mula described by Gambill et al. 1996 (18) was used to deter-
mine the centering of the preparations (Figure 1):

DI: (X1-X'1)/(X2-X2)

D2: (YI-Y'1)/(Y2-Y2)
where D1= the vestibulo-lingual distance and D2= the me-
siodistal distance.
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Transportacija korijenskog kanala nakon instrumentaci-
je odgovarala je odstupanju njegove sredi$nje osi od pocetne.
Koli¢ina i smjer transportacije odredeni su mjerenjem uda-
ljenosti izmedu granica neinstrumentiranog kanala i grani-
ca korijena u mezijalnom i distalnom smjeru, te usporedbom
vrijednosti istih mjerenja u obradenom kanalu (slika 2a,b).

Usporedba mjerenja prije instrumentacije i nakon toga
postupka upucivala je na podrucje s najvise odnesenoga zub-
nog tkiva, potvrduju¢i odstupanje ili neodstupanje od izvor-
ne putanje kanala.

Prije bodovanja, sva tri istrazivaca ocijenila su prvih 20
kanala zajedno radi kalibracije. Na temelju rezultata dobive-
nih iz gore navedene jednadibe, negativna vrijednost upuci-
vala je na transportaciju u distalnom smjeru, a pozitivna na
transportaciju u mezijalnom smjeru. Rezultat nula upucivao
je na to da nije bilo transportacije.

5) Statisticka analiza

Podatci su uneseni u tablice i analizirani softverom STA-
TA/SE 12,0 i programom Microsoft Excel 2007. Svi statisti¢-
ki testovi provedeni su s intervalom pouzdanosti od 95 po-
sto. Broj¢ane varijable prikazane su kao srednje vrijednosti
i standardne devijacije. Podatci su analizirani Kolmogorov-
Smirnovljevim testom normalnosti za kvantitativne varijable
s normalnom distribucijom. Pri nenormalnoj distribuciji za
usporedbu dviju skupina koriten je Mann-Whitneyev test, a
za vise od dvije skupine Kruskal Wallisov.

Rezultati

U tablici 1. su rezultati usporedbe prosjecnih vrijednosti i
standardnih devijacija transportacije kanala za sva tri ispitana
sustava. Temelje se na mjerenjima meziobukalnog korijena u

Strojna instrumentacija korijenskih kanala .

Root canal transportation corresponded to deviation of
the central axis of the root canal after its instrumentation.
The extension and the direction of the transportation were
determined by measuring the distance between the limits
of the non-instrumented canal and the root limits, in both
the mesial and distal directions, subsequently by compar-
ing the same measurements with the instrumented canal
(Figure 2a,b).

The comparison of the pre-and post-operatory measure-
ments indicated the area with most wear, confirming the
presence or absence of deviation in the trajectory of the canal.

Before scoring, the 3 examiners assessed the first 20 spec-
imens together for calibration. Based on the results of the
above formula purposes, a negative value indicated that
transportation occurred in distal direction, whereas a positive
value indicated that it occurred in mesial direction. A result
of zero indicated the absence of transport.

5) Statistical data analysis

The data were tabulated and analyzed using STATA/SE
12.0 software and Microsoft Excel 2007. All tests were ap-
plied with a confidence interval of 95%. The numerical vari-
ables were represented by the central tendency and dispersion
measurements. The data were assessed using the Kolmogorov-
Smirnov normality test for quantitative variables with normal
distribution. Comparisons of two groups (Mann-Whitney -
abnormal) and more than two groups (Kruskal Wallis - ab-

normal) were made.

Results

Table 1 shows the results of comparisons of mean val-
ues and standard deviation values for transportation of the
three systems studied. These results are based on the mesio-

Tablica 1. Prosjecne vrijednosti i standardne devijacije za mjerenje centriranosti u svim ispitanim skupinama

Table1  Mean and standard deviation values for the centering measurement in each experimental group
Instrument
Duljina ® Length Universal Protaper Twisted File Revo S p-value *

Mean + DP Mean + DP Mean + DP

4 mm 0.04 +0.08 0.26 + 0.30 0.08 + 0.14 0.026

3 mm 0.04 +0.13 0.04 + 0.08 0.04 + 0.08 0.682

2 mm 0.04 +0.13 0.07 +0.13 0.04 + 0.08 0.616

p-value * 0.837 0.773

(*) Kruskal-Wallisov test ® Kruskal-Wallis Test

bukolingvalnom (D1) i meziodistalnom (D2) smjeru na uda-
ljenosti od 4, 3 i 2 milimetra od vrha korijena.

Usporedba izmedu skupina obavljena je neparametrij-
skim Kruskal-Wallisovim testom, s obzirom na to da su po-
datci pokazali nenormalnu distribuciju. Test je potvrdio da je
postojala statisticki znacajna razlika izmedu sustava ProTaper
Universal i Twisted 4 milimetra od vrha korijena. U istoj sku-
pini (Zwisted File) nadene su statisticki znacajne razlike izme-
du udaljenosti od 4 i 3 milimetra od vrha korijena.

buccal root in the buccolingual (D1) and mesial-distal (D2)
measurements obtained by instruments at distances of 4mm,
3mm and 2mm from the root apex.

A comparison between the groups was made using the
non-parametric Kruskal-Wallis test, given that the data ex-
hibited an abnormal distribution. The test confirmed a sta-
tistically significant difference between the ProTaper Univer-
sal and Twisted File systems at a distance of 4mm below the
root apex. Within the same group (Twisted File), statistical-
ly significant differences were found between the distances of
4mm and 3mm below the root apex.
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Rasprava

Pravilna biomehanicka obrada korijenskog kanalnog su-
stava ostaje izazov za endodonta. Zanemarivanje protokola li-
jeCenja moze potaknuti jatrogene posljedice, ukljucujudi neze-
ljeno odstupanje od izvorne anatomije korijenskog kanala. To
moze rezultirati nedovoljno o¢iséenim kanalom, uz moguc¢u
perzistenciju ve¢ postojecih apikalnih oste¢enja ili oslabljenje
korijena (19). Slijedom toga, neprestano se razvijaju nove teh-
nike proizvodnje i na trziStu se pojavljuju novi instrumenti.

Pojavom nikal-titanijskih (NiTi) rotiraju¢ih instrume-
nata znatno se poboljsala kvaliteta instrumentacije korijen-
skih kanala, s obzirom na to da se odlikuju velikom elasti¢no-
s¢u i fleksibilnoséu pa omoguéuju ucinkovitiju preparaciju.
Sustavi Prolaper Universal™ i Revo-S proizvode se tradicio-
nalno, glodanjem NiTi Zice. Sustav Twisted File™ proizvodi
se uvijanjem, $to smanjuje nastanak mikropukotinama i &i-
ljenost kanala, ¢ime se izbjegavaju devijacije tijekom obrade
(20, 21, 22).

U ovom istrazivanju kao uzorci su koristeni izvadeni ljud-
ski zubi kako bi se pokusalo $to vise pribliziti stvarnim klini¢-
kim uvjetima rada, kao §to je opisano u nekoliko istrazivanja
(5, 7, 23 — 26). Ljudski zubi odabrani su zato $to osigura-
vaju to¢niju simulaciju klinickih uvjeta od akrilatnih bloko-
va (2,7).

U ovom istrazivanju koriSteni su meziobukalni kanali do-
njih kutnjaka jer su oni naglaseno zakrivljeni (3, 15, 24). Sto-
ga je jednostavnije odrediti je li tijekom biomehanicke prepa-
racije bilo odstupanja ili ne.

Za procjenu centriranosti preparacije korijenskog susta-
va u ovom istrazivanju koristen je CBCT. Ta tehnika omogu-
¢ila nam je snimanje nekoliko trodimenzionalnih slika ¢ime
su dobiveni detaljni prikazi korijenskih kanala prije instru-
mentacije i nakon toga postupka (3, 5, 14 — 17, 19, 21, 22,
27 -29).

Svrha ovog istrazivanja bila je usporediti centriranost in-
strumentacije rotiraju¢ih instrumenata sustava Pro Taper Uni-
versal™, Twisted File™ i Revo-S u slucaju zakrivljenih kana-
la koriStenjem CBCT snimaka prije i nakon instrumentacije
mjereno 4, 3 i 2 milimetra od apikalne granice. Rezultati su
potvrdili statisticki znacajne razlike izmedu sustava ProTaper
Universal™ i Twisted File ™ za duzinu od 4 milimetra i stati-
sticki znacajnu razliku izmedu duzine od 4 i 3 milimetra za
sustav Twisted File™.

Ovi rezultati u skladu su s onima koje su objavili Aguiar i
suradnici 2012. (21) i dva puta 2009. (2, 7), te Hashem i nje-
govi kolege (29), a koji pokazuju da rotacijski sustavi Twisted
File™ i Revo-S dovode do transportacije kanala.

Gergi i suradnici 2010. (3) su kompjutoriziranom tomo-
grafijom usporedivali sposobnost centriranja sustava Twisted
File™, Pathfile-ProTaper™ i ru¢nih K-instrumenata od nehr-
dajuceg celika te su ustanovili manju transportaciju i bolju
centriranost preparacije kada su se koristili instrumentima
Twisted File™. Diemer i njegovi kolege (30) istaknuli su da
rotacijski sustav Revo-S” omogucuje brzo oblikovanje, dobro
¢iscenje i zadrzavanje izvornog smjera kanala, $to nije u skla-
du s rezultatima ovog istrazivanja.

Root Canal Preparation with Rotary Systems

Discussion

The correct biomechanical preparation of root canal sys-
tems remains a challenge for endodontists. Neglecting the
treatment protocol can lead to iatrogenic sequelae, including
unwanted deviations from the original anatomy of the root
canal. This deviation may result in an inadequately clean ca-
nal, with possible persistence of pre-existing apical injuries or
increasing weakness in the remaining root. (19) Consequent-
ly, a large number of preparation techniques and new instru-
ments have been proposed and launched on the market.

With the advent of nickel and titanium (NiTi) rotary
instruments, there has been a considerable improvement in
the quality of preparations of root canals, since these instru-
ments exhibit excellent elasticity and flexibility, thus favor-
ing a more effective preparation. ProTaper Universal™ and
Revo-§° are produced by a traditional NiTi grinding process.
The Twisted File™ is produced by twisting that reduces for-
mation of microfractures, making the file even more durable.
They are also capable of maintaining the curvature of severely
curved canals, thereby avoiding deviations during the instru-
mentation. (20, 21, 22).

Extracted human teeth were selected for the sample in the
present study in an attempt to approximate the experiment
with clinical working conditions, as described in several stud-
ies in the literature. (5, 7, 23-26). Human teeth were selected
due to the fact that they provide a more accurate simulation
of clinical conditions than acrylic blocks. (2, 7)

In the present study, mesiobuccal canals from lower mo-
lars were used as they often exhibit accentuated curves. (3,
15, 24) Therefore, it would be possible to determine whether
there was a deviation or not during the biomechanical prep-
aration.

Cone beam computed tomography was used in the pres-
ent study to assess the centering of the root canal system prep-
aration. This technique enabled us to capture several three-di-
mensional images, thereby providing detailed root canal data
before and after the instrumentation took place. (3, 5, 14-17,
19, 21, 22, 27-29).

The aim of the present study was to compare the center-
ing capacity of the ProTaper Universal™, Twisted File™ and
Revo-§° rotary systems in the preparation of curved canals
using cone beam computed tomography before and after in-
strumentation 4mm, 3mm and 2mm from the apical limit.
The results confirmed statistically significant differences be-
tween the ProTaper Universal ™ and Twisted File™ systems for
the length of 4 mm and a statistically significant difference
between the lengths 4mm and 3mm for the Twisted File™
system.

These results are in agreement with those reported by
Aguiar et al., 2012, (21) Aguiar et al., 2009 (2), Aguiar et al.,
2009 (7) and Hashem ez 4/ (29), which stated that Twisted
File™ and Revo-S' rotary systems produced canal deviation.

However, Gergi et al. 2010 (3) compared the centering
ability of the Twisted File™, Pathfile-ProTaper™, and stainless
steel hand k-files by using computed tomography and report-
ed less transportation and a better centering of the prepara-
tion when using the Twisted File™ system. Diemer et al. (30)
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U nekoliko dosadasnjih istrazivanja postignuti su rezul-
tati slicni onima u ovom istrazivanju i autori su upozorili na
odstupanje od izvorne anatomije kanala, bez obzira na vrstu
rotiraju¢ih instrumenata (15 — 19). U drugim istraZivanjima
(19, 27 - 29) navodi se da sustav Pro Taper Universal™ vise po-
tice apikalnu transportaciju u odnosu na druge sustave koji se
upotrebljavaju zbog povrsinske napetosti tijekom instrumen-
tacije kanala. Transportacija kanala prema vanjskoj granici,
izazvana sustavom ProTaper, bila je povezana s progresivnim
suzavanjem rezne povrsine instrumenata u kombinaciji s os-
trim reznim bridovima na popre¢nom presjeku.

U sli¢cnom istrazivanju su Hashem i suradnici (2012.)
(29) progjenjivali centriranost instrumentacije kanala 1,3,
2,6, 5,2 17,8 milimetara od apeksa. Sustavom ProTaper Uni-
versal™ uklonjena je bila znatno veca koli¢ina dentina u od-
nosu na druge sustave. Istrazivaci su zaklju¢ili da se sustavom
Twisted File™ Rotary najbolje oblikuju zakrivljeni korijenski
kanali te da su Revo-S' i GTX bili bolji od sustava ProTaper
kad je rije¢ o transportaciji korijenskog kanala i centrirano-
sti instrumentacije.

Ovi zakljuéci bili su sliéni onima koje su objavili Liu i Wu
2016. (17) kada su odredivali naprezanje uzrokovano na po-
v$ini korijena i stupanj transportacije sredine kanala tijekom
instrumentacije sustavima Twisted File™, ProTaper Next i Wa-
veOne. Zakljucili su da su, u zakrivljenim kanalima obrade-
nima sustavom Twisted File™, naprezanje na povrsini korije-
na te transportacija u apikalnom dijelu bili manje izrazeni.

U sli¢nom istrazivanju (1) Twisted File™ pokazao je bolju
centriranost u svim podru¢jima korijena u usporedbi sa susta-
vima Mtwo i Revo-S. Taj rezultat bio je u korelaciji s novim
postupkom proizvodnje instrumenata. Sustav Revo-S uzro-
kovao je najveci stupanj apikalne transportacije.

Na temelju svih tih rezultata moze se zakljuciti da nepra-
vilno uklanjanje dentina s unutarnje povrsine korijenskih ka-
nala zabrinjava i utjece na rezultate endodontskog lijecenja.
Ti su podatci potpuno relevantni kad se usporede s rezultati-
ma ovog istrazivanja u kojemu su sva tri ispitana sustava roti-
rajuc¢ih instrumenata rezultirala odredenim stupnjem apikal-
ne transportacije.

No vaino je uzeti u obzir neke ¢imbenike, kao $to su kut
zakrivljenosti korijenskih kanala, koji se koriste u raznim
istrazivanjima i usporediti razlicite sustave instrumenata za
njihovo oblikovanje. Osim toga, u¢inak treba procijeniti uzi-
majuci u obzir oblik, nacin proizvodnje i mehanizam rada
endodontskih instrumenata.

§ obzirom na rezultate dobivene u ovom istrazivanju, po-
trebna su daljnja istrazivanja (uz iste postavke) kako bi se pre-
ciznije razjasnila korelacija izmedu pojave apikalne transpor-
tacije i novih rotirajucih instrumenata koji su danas dostupni
na trzistu.

Strojna instrumentacija korijenskih kanala .

reported that the Revo-S' rotary system enables a fast shap-
ing quality, a real cleaning and maintains the original canal
path, which is not in accordance with the results of the pres-
ent research.

Several previous studies have reported similar results to
those found in the present study, suggesting a deviation in
the original anatomy of the canal, regardless of the type of ro-
tary system used. (15-19) Other studies (19,27-29) have re-
ported that the ProTaper Universal ™ Rotary system exhib-
ited a greater tendency of apical transportation than other
systems used due to tension on the surface during the prep-
aration of canals. Canal transportation toward the outer as-
pect of the canal with ProTaper was related to their progres-
sive tapers along the cutting surface of the instruments in
combination with the sharp cutting edges of their cross-sec-
tional design.

In a similar study, Hashem et al. (2012) (29) assessed the
centering capacity of the canal 1.3, 2.6, 5.2 and 7.8 millime-
ters from the apex. The ProTaper Universal ™ rotary system
removed a significantly greater quantity of dentin than oth-
er systems. The researchers concluded that the Twisted File™
Rotary system demonstrated the greatest modeling capacity
in curved root canals, and that the Revo-S ¢ GTX systems
were better than the ProTaper system with regard to root ca-
nal transportation and centering capacity.

These conclusions were similar to those reported by Liu
and Wu, 2016, (17) who determined the root surface strain
generated and the extent of canal center transportation dur-
ing canal shaping using Twisted File™, ProTaper Next Files
and WaveOne rotatory systems. They stated that the curved
canals prepared using Twisted File™ exhibited lower root sur-
face strain and less canal center transportation at the apical
section.

In a comparable study, (1) the Twisted File™ rotary sys-
tem was found to exhibit a better centering capacity in all re-
gions of the root when compared with the Mtwo and Re-
vo-§° rotary systems. This result was correlated with the new
process of instrument fabrication. The Revo-§° system exhib-
ited the greatest apical transportation.

Based on all these reports, it can be inferred that improp-
er removal of dentin from the surface of root canals is a con-
cern and affects the results of endodontic therapy. These data
are entirely relevant when compared with those reported in
the present study, in which the three rotary systems assessed
achieved some degree of apical deviation.

However, it is important to consider some factors such as
the curvature angle of root canals used in various studies and
to compare different canal shaping instrumentation systems.
Furthermore, their influence needs to be assessed by taking
into account design, manufacturing and working mecha-
nisms of endodontic files.

According to the results obtained in the present study,
further research (following the same line of research) is need-
ed in order to more accurately elucidate the correlation be-
tween the occurrence of apical transportation and new rotary
instruments available on today’s market. OuvirLer fonetica-
mente
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Zaklju¢ak

Sve navedene tehnike uzrokovale su odreden stupanj api-
kalne transportacije. Jedina statisticki znacajna razlika prona-
dena je izmedu sustava Prolaper Universal™ i Twisted File™
na udaljenosti od 4 milimetra od korijenskog apeksa. Pro-
Taper Universal™ i Revo-S pokazali su se sigurnima tijekom
centrirane instrumentacije zakrivljenih korijenskih kanala, s
niskim stopama odstupanja od njihova izvornog smjera. Re-
zultati ovog istrazivanja moraju se pribliziti klini¢koj stvarno-
sti te su potrebna daljnja istrazivanja rotacijskih instrumenata
kako bi se pridonijelo uspjesnijem endodontskom lijecenju.

Sukob interesa

Autori ne navode sukob interesa u vezi s ovim istraziva-
njem.

Root Canal Preparation with Rotary Systems

Conclusion

In conclusion, all of the above mentioned techniques
caused some degree of apical deviation. The only statistically
significant difference was found between the ProTaper Uni-
versal™ and Twisted File™ systems when using a length of 4
mm below the root apex. The ProTaper Universal™ and Revo-
§ systems were shown to be safe methods of performing the
centralized preparation of curved root canals, with low rates
of deviations from the original path of the root canal. The re-
sults of this research must be approximated to practical reality
and further studies of rotatory instruments need to contrib-
ute to a more successful endodontic treatment.
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Abstract

Objective: Apical deviations are important factors in endodontic therapy, since they can cause the
treatment failure. The aim of the present study was to determine the centering capacity of ProTa-
per Universal™, Twisted File™ and Revo-S®rotary systems using cone beam computed tomography
analysis before and after the instrumentation of root canals. Materials and Methods: Thirty mesio-
buccal roots from human lower first molars were divided into three groups of ten: Group 1 - ProTa-
per Universal™ Rotary System; Group 2 - Twisted File™ Rotary System; and Group 3 - Revo-S® ety
System- A| teeth were scanned using computed tomography to determine the condition of the root ca-
nal before and after instrumentation (4mm, 3mm and 2mm from the root apex). Images were made
using ICAT VISION software for both instrumented and non-instrumented canals. Results: The results
were analyzed statistically using the Kolmogorov-Smirnov normality test for quantitative variables.
Comparisons were made with two groups (Mann-Whitney - abnormal) and with more than two groups
(Kruskal Wallis - abnormal). The level of significance was set at p<0.05. A statistically significant dif-
ference was found for the measurement of 4 mm between the “ProTaper Universal” and “Twisted
File” systems. For the Twisted File system, a statistically significant difference was recorded between
the measurements of 4mm and 3 mm. Conclusion: None of the assessed instruments was complete-
ly effective in terms of the biomechanical preparation of root canals since all created deviation from
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the original anatomy of the canal.
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