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IZVORNI ZNANSTVENI RAD
ORIGINAL SCIENTIFIC PAPER

Daniela Siqueira Lopes, Mariana Albuquerque Veiga Pessoa, Andréa Cruz Câmara, Carlos Menezes Aguiar

Procjena centriranosti rotirajućih instrumenata tijekom obrade 
korijenskih kanala 

Assessment of the Centralization of Root Canal Preparation with 
Rotary Systems 

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-

Uvod

Uspjeh endodontskog liječenja izravno ovisi o pravilnoj 
trepanaciji, o kvaliteti biomehaničke preparacije i o herme-
tičkom brtvljenu korijenskoga kanalnog sustava. Cilj je po-
stići neometan pristup apikalnom foramenu kroz korijenski 
kanal i pritom sačuvati njegov izvorni, konusni oblik (1 – 4).

Biomehanička preparacija korijenskog kanalnog sustava 
osobito je važna. To uključuje čišćenje, oblikovanje i dezin-
fekciju (5, 6). U tom kontekstu nove nikal-titanijske (NiTi) 
žice potaknule su razvoj novih endodontskih instrumenata, a 
time i sve češću zamjenu manualne tehnike instrumentacije 
kanala strojnom. Razvoj rotirajućih instrumenata omogućio 
je veću fleksibilnost i bolju učinkovitost rezanja, a smanjen je 
i broj neuspjeha povezanih s instrumentacijom kanalnog su-
stava (5).

Među trenutačno dostupnim sustavima rotirajućih in-
strumenata, oni izrađeni od nikla i titanija, kao što je ProTa-
per Universal™ (Dentsply/Maillefer, Ballaigues, Švicarska), te-
melje se na tehnološkoj inovaciji ProTaper™ i često se koriste 
u kliničkoj praksi. Ovaj sustav uključuje instrumente za obli-
kovanje kanala (SX, S1 i S2), završnu obradu (F1, F2, F3, F4 
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Sažetak
Svrha rada: Transportacija apeksa važan je čimbenik u endodontskom liječenju jer može uzrokova-
ti terapijski neuspjeh. Svrha ovog istraživanja bila je odrediti centriranost instrumentacije sustavi-
ma rotirajućih instrumenata ProTaper Universal™, Twisted File™ i Revo-S® s pomoću 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 obrađeni 
rotirajućim 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 položaj 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 statistički 
analizirani Kolmogorov-Smirnovljevim testom normalnosti za kvantitativne varijable. Uspoređivane 
su dvije skupine (Mann-Whitneyev test – nenormalna distribucija) i više od dviju skupina (Kruskal 
Wallisov test – nenormalna distribucija). Razina značajnosti bila je postavljena na p < 0,05. Statis-
tički značajna razlika ustanovljena je na udaljenosti od 4 milimetra između sustava ProTaper Univer-
sal i Twisted File. Za sustav Twisted File pronađena je statistički značajna razlika 4 i 3 milimetra od 
apeksa. Zaključak: Ni jedan od ispitanih instrumenata nije bio potpuno učinkovit u biomehaničkoj 
obradi korijenskih kanala s obzirom na to da je kod svih zabilježeno određeno odstupanje od izvor-
ne anatomije kanala.
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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, Besançon, 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 S rotary systems during and after the biomechanical 
preparation of root canals using cone beam computed to-
mography. 

i F5) i reviziju (D1, D2 i D3), te multikonične instrumente 
koji se postupno sužavaju od 2 do 19 posto u jednom instru-
mentu. Također se odlikuju većom fleksibilnošću pri vrhu i 
većom otpornošću na bazi svakog instrumenta, s reznim bri-
dovima pod promjenjivim spiralnim kutom, što rezultira ve-
ćom snagom rezanja i manjim uvijanjem (1, 6 – 9).

Sustav Twisted File™ (TF) (SybronEndo, CA, SAD) pio-
nir je među rotirajućim instrumentima koji sadržavaju NiTi 
zbog novoga proizvodnog procesa koji uključuje torziju žice 
i diferenciranu termičku obradu (grijanje, hlađenje i torzija), 
čime se pogoduje stvaranju R-faze u strukturi. Posljedica su 
iznimna mehanička i fizička svojstva, kao što su veća fleksi-
bilnost i otpornost na zamor, pa se smanjuju ograničenja ko-
ja nameću instrumenti proizvedeni urezivanjem (5, 6, 10).

Nikal-titanijski sustav Revo-S® (Micro-Mega, Besançon, 
Francuska) razvijen je kako bi se pojednostavnilo endodont-
sko liječenje i optimizirao postupak čišćenja. Ovaj sustav 
poboljšava dubinsko čišćenje korijenskog kanala i apikalnu 
obradu koja zadovoljava anatomske i biološke kriterije. Ima 
dva instrumenta za početnu penetraciju (SC1 i SC2) i jedan 
za rekapitulaciju i čišćenje (SU). Također se proizvode instru-
menti za apikalnu završnu obradu (AS30, AS35, AS40) (11 
– 13).

U endodontskom liječenju iznimno su važne kvaliteta 
i količina podataka dobivenih rendgenskim pretragama jer 
utječu na dijagnozu, planiranje i ishod terapije. Zato su se 
za procjenu učinkovitosti NiTi instrumenata u osiguravanju 
centrirane instrumentacije kanala primjenjivale različite me-
tode. Jedna od njih je kompjutorizirana tomografija (CT) ko-
jom su se prvi put 1990. godine, kao dijagnostičkim alatom u 
endodonciji, koristili Tachibana i Matsumoto (14). Ova teh-
nika istraživačima omogućuje vizualizaciju struktura koje ni-
su vidljive na konvencionalnim rendgenskim snimkama.

CT se u endodonciji preporučuje kao neinvazivna meto-
da za analizu geometrije kanala i određivanje učinkovitosti 
tehnika instrumentacije, zatim za uspoređivanje anatomske 
strukture korijenskog kanala prije instrumentacije i nakon 
nje, te za procjenu načina preparacije korijenskog kanala. CT 
omogućuje detaljne 3D slike kanala i mjeri količinu dentina 
uklonjenog sa stijenki korijenskog kanala (15).

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

Zato je svrha ovog istraživanja bila CBCT-om procijeni-
ti centriranost rotacijskih instrumenata ProTaper Universal, 
Twisted File i Revo-S tijekom biomehaničke obrade korijen-
skih kanala i nakon toga postupka.
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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, 1 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: 

Materijali i metode

1)	 Odabir uzoraka
Za ovo istraživanje, prije početka prikupljanja podataka, 

pribavljeno je odobrenje Etičkog povjerenstva za istraživanja 
na ljudima. Zubi su dobiveni od banke zuba Odjela za oro-
facijalnu kirurgiju i protetiku Saveznog sveučilišta Pernam-
buco. Čuvani su u destiliranoj vodi u hladnjaku, a prije toga 
dezinficirani su 30 minuta uranjanjem u 2-postotnu otopinu 
glutaraldehida i sterilizirani u autoklavu.

Korišteno je 30 ljudskih trajnih donjih kutnjaka. Oda-
brani su potpuno razvijeni meziobukalni kanali svih zuba 
zbog složene 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, ušće korijenskog kana-
la dobro je isprano natrijevim hipokloritom (1%) (Roval, 
Recife, Brazil), a zatim je instrument Senseus-Flexofile #10 
(Dentsply/Maillefer, Ballaigues, Švicarska) pažljivo uveden u 
njegovu unutrašnjost sve dok mu vrh nije dotaknuo apikalni 
foramen. Od ukupne duljine oduzet je 1 milimetar, čime je 
dobivena radna duljina.

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

2)	 Snimanje CBCT-om
Načinjene su CBCT snimke uzoraka uređajem I-Cat Next 

Generation sa sljedećim postavkama: visokofrekventne X-zra-
ke 120 kV; 7mA; žarišna točka 0,5 mm; ekspozicija 26,9 s; 
voksel 0,2 mm (Imaging Science International Hartfield, PA, 
SAD). Na taj način dobivene su trodimenzionalne predope-
rativne snimke svakog zuba. Od vrha korijena slike su rezane 
2, 3 i 4 milimetra koronarno od vrha korijena.

3)	 Biomehanička obrada korijenskih kanala
Uzorci su po skupinama instrumentirani sljedećim susta-

vima:

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.

Slika 1.	 Shematski prikaz kako se procjenjuje centriranost 
instrumentacije, kao što 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)
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•	 Group 1: ProTaper Universal™ rotary system (Dentsply / 
Maillefer, Ballaigues, Switzerland)

•	 Group 2: Twisted File™ rotary system (SybronEndo, Cali-
fornia, USA)

•	 Group 3: Revo-S® rotary system (Micro-Mega, Besançon, 
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) (Biodinâmica, Ibiapora, Brazil) as a chelating agent to irri-
gate the canals. Freshly prepared 1% NaOCl solution (Farmá-
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 (FCF, 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):

D1: (X1 - X’1)/(X2 - X’2)
D2: (Y1 - Y’1)/(Y2 - Y’2)

where D1= the vestibulo-lingual distance and D2= the me-
siodistal distance.

•	 Skupina 1: sustavom rotirajućih instrumenata ProTaper 
Universal™ (Dentsply/Maillefer, Ballaigues, Švicarska)

•	 Skupina 2: sustavom rotirajućih instrumenata Twisted Fi-
le™ (SybronEndo, Kalifornija, SAD)

•	 Skupina 3: sustavom rotirajućih instrumenata Revo-S® 
(Micro-Mega, Besançon, Francuska)
Sve instrumentacije obavio je isti istraživač iskusan u radu 

s korištenim sustavima, kao što je opisano u nastavku.
Električni motor korišten je pri brzini od 300 okretaja u 

minuti, u skladu s uputama proizvođača (X-Smart, Dentsply/
Maillefer, Ballaigues, Švicarska), uz sljedeći redoslijed upora-
be instrumenata:
•	 Skupina 1: sustav rotirajućih instrumenata ProTaper Uni-

versal™ 
(a)	 SX cervikalna trećina;
(b)	instrument S1 4 milimetra kraći od radne dužine;
(c)	 S1 i S2 do pune radne dužine;
(d)	F1 i F2 do pune radne dužine.

•	 Skupina 2: sustav rotirajućih instrumenata Twisted File ™ 
(a)	 instrument #25,08 u cervikalnoj trećini;
(b)	# 25,06 – 4 milimetra kraće od radne dužine;
(c)	 #25,04 i #25,06 do pune radne dužine.

•	 Skupina 3: sustav rotirajućih instrumenata Revo-S® 
(a)	 instrument #25,06 (SC1) u cervikalnoj trećini;
(b)	#25,04 (SC2) i #25,06 (SU) do pune radne duljine.   
Za ispiranje kanala korištena je Miltonova otopina natri-

jeva hipoklorita (1 %) koja je odabrana zbog svojstava, poput 
antimikrobnog djelovanja, otapanja organskih tvari i povr-
šinske aktivnosti s natrijevim kloridom (16 %) (Roval, Re-
cife, Brazil). Korištena je naizmjenično sa 17-postotnom eti-
lendiamintetra kiselinom (EDTA) (Biodinâmica, Ibiapora, 
Brazil) kao kelirajućim sredstvom. Korištena je svježe pripre-
mljena 1-postotna otopina NaOCl-a (Farmacia Escola Car-
los Dumont de Andrade, Recife, Brazil). Za aplikaciju je ko-
rištena 3-ml štrcaljka sustava FCF (FCF, 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 položen je 1 milime-
tar kraće od radne dužine te je otopina aplicirana kretnjom 
naprijed-natrag. Ispiranje je obavljeno na početku instru-
mentacije, između promjena instrumenata i na kraju biome-
haničke obrade.

Nakon završetka biomehaničke obrade uzorci su ponov-
no snimljeni CBCT-om, slijedeći isti protokol kao i za prvu 
tomografsku snimku.

4)	 Procjena centriranosti instrumenta 
Korištenjem softvera ICAT VISION mogle su se uspo-

rediti snimke korijenskih kanala prije instumentacije i posli-
je nje. Jednadžba Gambilla i suradnika iz 1996. (18) korište-
na je za određivanje centriranosti instrumentacije (slika 1.):

D1: (X1 - X’1)/(X2 - X’2)
D2: (Y1 - Y’1)/(Y2 - Y’2)

gdje je D1 = vestibulooralna udaljenost, a D2 = meziodistal-
na udaljenost.
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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-

Transportacija korijenskog kanala nakon instrumentaci-
je odgovarala je odstupanju njegove središnje osi od početne. 
Količina i smjer transportacije određeni su mjerenjem uda-
ljenosti između granica neinstrumentiranog kanala i grani-
ca korijena u mezijalnom i distalnom smjeru, te usporedbom 
vrijednosti istih mjerenja u obrađenom kanalu (slika 2a,b).

Usporedba mjerenja prije instrumentacije i nakon toga 
postupka upućivala je na područje s najviše odnesenoga zub-
nog tkiva, potvrđujući odstupanje ili neodstupanje od izvor-
ne putanje kanala.

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

5) Statistička analiza
Podatci su uneseni u tablice i analizirani softverom STA-

TA/SE 12,0 i programom Microsoft Excel 2007. Svi statistič-
ki testovi provedeni su s intervalom pouzdanosti od 95 po-
sto. Brojčane 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 korišten je Mann-Whitneyev test, a 
za više od dvije skupine Kruskal Wallisov.  

Rezultati

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

Tablica 1.	 Prosječne vrijednosti i standardne devijacije za mjerenje centriranosti u svim ispitanim skupinama
Table 1	 Mean and standard deviation values for the centering measurement in each experimental group

Duljina • Length
Instrument

p-value *Universal Protaper Twisted File Revo S
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 0.036 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 između 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 statistički značajna razlika između sustava ProTaper 
Universal i Twisted 4 milimetra od vrha korijena. U istoj sku-
pini (Twisted File) nađene su statistički značajne razlike izme-
đu 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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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-S® 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-S® 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 et al (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) 

Rasprava

Pravilna biomehanička obrada korijenskog kanalnog su-
stava ostaje izazov za endodonta. Zanemarivanje protokola li-
ječenja može potaknuti jatrogene posljedice, uključujući neže-
ljeno odstupanje od izvorne anatomije korijenskog kanala. To 
može rezultirati nedovoljno očišćenim kanalom, uz moguću 
perzistenciju već postojećih apikalnih oštećenja ili oslabljenje 
korijena (19). Slijedom toga, neprestano se razvijaju nove teh-
nike proizvodnje i na tržištu se pojavljuju novi instrumenti.

Pojavom nikal-titanijskih (NiTi) rotirajućih instrume-
nata znatno se poboljšala kvaliteta instrumentacije korijen-
skih kanala, s obzirom na to da se odlikuju velikom elastično-
šću i fleksibilnošću pa omogućuju učinkovitiju preparaciju. 
Sustavi ProTaper Universal™ i Revo-S® proizvode se tradicio-
nalno, glodanjem NiTi žice. Sustav Twisted File™ proizvodi 
se uvijanjem, što smanjuje nastanak mikropukotinama i či-
ni instrumente izdržljivijima. Osim toga mogu pratiti zakriv-
ljenost kanala, čime se izbjegavaju devijacije tijekom obrade 
(20, 21, 22).

U ovom istraživanju kao uzorci su korišteni izvađeni ljud-
ski zubi kako bi se pokušalo što više približiti stvarnim klinič-
kim uvjetima rada, kao što je opisano u nekoliko istraživanja 
(5, 7, 23 – 26). Ljudski zubi odabrani su zato što osigura-
vaju točniju simulaciju kliničkih uvjeta od akrilatnih bloko-
va (2, 7).

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

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

Svrha ovog istraživanja bila je usporediti centriranost in-
strumentacije rotirajućih instrumenata sustava ProTaper Uni-
versal™, Twisted File™ i Revo-S® u slučaju zakrivljenih kana-
la korištenjem CBCT snimaka prije i nakon instrumentacije 
mjereno 4, 3 i 2 milimetra od apikalne granice. Rezultati su 
potvrdili statistički značajne razlike između sustava ProTaper 
Universal™ i Twisted File ™ za dužinu od 4 milimetra i stati-
stički značajnu razliku između dužine 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 uspoređivali sposobnost centriranja sustava Twisted 
File™, Pathfile-ProTaper™ i ručnih K-instrumenata od nehr-
đajućeg čelika 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® omogućuje brzo oblikovanje, dobro 
čišćenje i zadržavanje izvornog smjera kanala, što nije u skla-
du s rezultatima ovog istraživanja.
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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® and 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-S® rotary systems. This result was correlated with the new 
process of instrument fabrication. The Revo-S® 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

U nekoliko dosadašnjih istraživanja postignuti su rezul-
tati slični onima u ovom istraživanju i autori su upozorili na 
odstupanje od izvorne anatomije kanala, bez obzira na vrstu 
rotirajućih instrumenata (15 – 19). U drugim istraživanjima 
(19, 27 – 29) navodi se da sustav ProTaper Universal™ više po-
tiče apikalnu transportaciju u odnosu na druge sustave koji se 
upotrebljavaju zbog površinske napetosti tijekom instrumen-
tacije kanala. Transportacija kanala prema vanjskoj granici, 
izazvana sustavom ProTaper, bila je povezana s progresivnim 
sužavanjem rezne površine instrumenata u kombinaciji s oš-
trim reznim bridovima na poprečnom presjeku.

U sličnom istraživanju su Hashem i suradnici (2012.) 
(29) procjenjivali centriranost instrumentacije kanala 1,3, 
2,6, 5,2 i 7,8 milimetara od apeksa. Sustavom ProTaper Uni-
versal™ uklonjena je bila znatno veća količina dentina u od-
nosu na druge sustave. Istraživači su zaključili 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 riječ o transportaciji korijenskog kanala i centrirano-
sti instrumentacije.

Ovi zaključci bili su slični onima koje su objavili Liu i Wu 
2016. (17) kada su određivali naprezanje uzrokovano na po-
vršini korijena i stupanj transportacije sredine kanala tijekom 
instrumentacije sustavima Twisted File™, ProTaper Next i Wa-
veOne. Zaključili su da su, u zakrivljenim kanalima obrađe-
nima sustavom Twisted File™, naprezanje na površini korije-
na te transportacija u apikalnom dijelu bili manje izraženi.

U sličnom istraživanju (1) Twisted File™ pokazao je bolju 
centriranost u svim područjima 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 najveći stupanj apikalne transportacije.

Na temelju svih tih rezultata može se zaključiti da nepra-
vilno uklanjanje dentina s unutarnje površine korijenskih ka-
nala zabrinjava i utječe na rezultate endodontskog liječenja. 
Ti su podatci potpuno relevantni kad se usporede s rezultati-
ma ovog istraživanja u kojemu su sva tri ispitana sustava roti-
rajućih instrumenata rezultirala određenim stupnjem apikal-
ne transportacije.

No važno je uzeti u obzir neke čimbenike, kao što su kut 
zakrivljenosti korijenskih kanala, koji se koriste u raznim 
istraživanjima i usporediti različite sustave instrumenata za 
njihovo oblikovanje. Osim toga, učinak treba procijeniti uzi-
majući u obzir oblik, način proizvodnje i mehanizam rada 
endodontskih instrumenata.

S obzirom na rezultate dobivene u ovom istraživanju, po-
trebna su daljnja istraživanja (uz iste postavke) kako bi se pre-
ciznije razjasnila korelacija između pojave apikalne transpor-
tacije i novih rotirajućih instrumenata koji su danas dostupni 
na tržištu.
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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-
S® 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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Zaključak

Sve navedene tehnike uzrokovale su određen stupanj api-
kalne transportacije. Jedina statistički značajna razlika prona-
đena je između sustava ProTaper 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 istraživanja moraju se približiti kliničkoj stvarno-
sti te su potrebna daljnja istraživanja rotacijskih instrumenata 
kako bi se pridonijelo uspješnijem endodontskom liječenju.

Sukob interesa

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

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® Rotary 

System. All 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 
the original anatomy of the canal. 

Received: March 21, 2016
Accepted: May 18, 2016

Address for correspondence
Prof. Dr. Carlos Menezes Aguiar
Rua Aristides Muniz
70/501, Boa Viagem, Recife PE 51020-
150 Brazil
Telephone: (+55) 81 3467 6821. 
cmaguiar@ufpe.br

Key words
Tooth Apex; Root Canal Preparation; 
Cone-Beam Computed Tomography; 
Dental Equipment

References

1.	 Calberson FL, Deroose CA, Hommez GM, De Moor RJ. Shaping 
ability of ProTaper nickel-titanium files in simulated resin root ca-
nals. Int Endod J. 2004 Sep;37(9):613-23.

2.	 Aguiar CM, Mendes D de A, Câmara AC, Figueiredo JAP. Assess-
ment of canals walls after biomechanical preparation of root ca-
nals instrumented with ProTaper UniversalTM rotary system. J Ap-
pl Oral Sci. 2009 Nov-Dec;17(6):590-5. 

3.	 Gergi R, Rjeily JA, Sader J, Naaman A. Comparison of canal trans-
portation and centering ability of Twisted Files, Pathfile-ProTaper 
system, and stainless steel hand k-files by using computed to-
mography. J Endod. 2010 May; 36(5):904-7.

4.	 Fayyad DM, Elgendy E. Cutting Efficiency of Twisted versus Ma-
chined Nickel-Titanium Endodontic Files. J Endod. 2011 Aug; 
37(8):1143-6. 

5.	 Aguiar CM, Sobrinho PB, Teles F, Câmara AC, Figueiredo JAP. 
Comparison of the centring ability of the ProTaper™ and ProTa-
per Universal™ rotary systems for preparing curved root canals. 
Aust Endod J. 2013 Apr;39(1):25-30.

6.	 El Batouty e Fekry. Canal centreing ability of Mtwo, Twisted Files 
and Revo-S nickel-titanium rotary instruments. Endo (Lond Engl). 
2012;6(2):125-130. 

7.	 Aguiar, CM, Mendes DA, Câmara, AC, Figueiredo JAP. Evaluation 
of the centreing ability of the ProTaper Universal ™ rotary sys-
tem in curved roots in comparison to Nitiflex ™ files. Aust Endod 
J. 2009 Dec;35(3):174-9.

8.	 Kunert GG, Fontanella VRC, de Moura AAM, Barletta FB. Analysis 
of apical root transportation associated with ProTaper Universal 
F3 and F4 instruments by using digital subtraction radiography. J 
Endod. 2010 Jun;36(6):1052-5. 

9.	 Aguiar CM, Sobrinho PB, Teles F, Câmara AC, de Figueiredo JAP. 
Comparison of the centring ability of the ProTaper and ProTaper 
Universal rotary systems for preparing curved root canals. Aust 
Endod J. 2013 Apr;39(1):25-30.

10.	 Park SY, Cheung GS, Yum J, Hur B, Park JK, Kim HC. Dynamic tor-
sional resistance of nickel-titanium rotary instruments. J Endod. 
2010 Jul;36(7):1200-4. 

11.	 Casper RB, Roberts HW, Roberts MD, Himel VT, Bergeron BE. 
Comparison of Autoclaving Effects on Torsional Deformation and 
Fracture Resistance of Three Innovative Endodontic File Systems. 
J Endod. 2011 Nov;37(11):1572-5.

12.	 Zouiten SS, Hammo M, Ourfelli S, Douki N, Jammali B, Baccouch 
C. An innovation for the initial endodontic treatment-Revo-S®. 
Dent News. 2010 Feb;17(2):19-24. 

13.	 Basrani B, Roth K, Sas G, Kishen A, Peters A. Torsional Profiles of 
New and Used Revo-S Rotary Instruments: An In Vitro Study. J En-
dod. 2011 Jul;37(7):989-92.

14.	 Tachibana H, Matsumoto K. Applicability of X-ray computer-
ized tomography in endodontics. Endod Dent Traumatol. 1990 
Feb;6(1):16-20.

15.	 Hartmann MSM, Barletta FB, Fontanella VRC, Vanni JR. Canal 
transportation after root canal instrumentation: a comparative 
study with computed tomography. J Endod. 2007 Aug;33(8):962-
5.

16.	 Özer, S.Y. Comparison of root canal transportation induced by 
three rotary systems with noncutting tips using computed tomog-
raphy. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2011 
Feb;111(2):244-50.

17.	  Wenzhe Liu, Buling Wu. Root Canal Surface Strain and Canal Cen-



w
w

w
.a

sc
ro

.h
r

Strojna instrumentacija korijenskih kanala Siqueira Lopes i sur.250

ter Transportation Induced by 3 Different Nickel-Titanium Rotary 
Instrument Systems. J Endod. 2016 Feb;42(2):299-303.

18.	 Gambill JM, Alder M, del Rio CE. Comparison of nickel-titanium 
and stainless steel hand-file instrumentation using computed to-
mography. J Endod. 1996 Jul;22(7):369-75.

19.	 Oliveira CA, Meurer MI, Pascoalato C, Silva SRC. Cone-Beam Com-
puted Tomography Analysis of the Apical Third of Curved Roots 
after Mechanical Preparation with Different Automated Systems. 
Braz Dent J. 2009;20(5):376-81.

20.	 Peters OA. Current challenges and concepts in the preparation of 
root canal systems: a review. J Endod. 2004 Aug;30(8):559-67.

21.	 Aguiar CM, Farias CG, Camara AC, Frazão M. Comparative Eval-
uation of the Twisted File™ and Revo-S® Rotary Systems Us-
ing Cone Beam Computed Tomography. Acta Stomatol Croat. 
2012;46(3):222-229. 

22.	 Lumnije K, Hoxha V, Städtler P. Determination of Working 
Length with Three Different Apex Locators. Acta Stomatol Croat 
2007;41(1):49-56. 

23.	 Uyanik MO, Cebreli ZC, Mocan BO, Dagli FT. Comparative evalu-
ation of three Nickel-titanium instrumentation systems in human 
teeth using computed tomography. J Endod. 2006 Jul;32(7):668-
71. 

24.	 Javaheri HH, Javaheri GH. A comparison of three Ni-Ti rotary in-
struments in apical transportation. J Endod. 2007 Mar;33(3):284-
6.

25.	 Tasdemir T, Aydemir H, Inan U, Ünal O. Canal preparation with 
Hero 642 rotary Ni-Ti instruments compared with stainless steel 
hand K-file assessed using computed tomography. Int Endod J. 
2005 Jun;38(6):402-8.

26.	 Gluskin AH, Brown DC, Buchanan LS. A reconstructed computer-
ized tomographic comparisonofNi-Ti rotary GT files versus tradi-
tiona linstruments in canals shaped by novice operators. Int En-
dod J. 2001 Sep;34(6):476-84.

27.	 Versiani MA, Pascon EA, Sousa CJA de, Borges MAG, Sousa-Neto 
MD. Influence of shaft design on the shaping ability of 3 nickel-
titanium rotary systems by means of spiral computerized tomog-
raphy. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2008 
Jun;105(6):807-13.

28.	 Burklein S, Tsotsis P, Schafer E. Incidence of dentinal defects af-
ter root canal preparation: reciprocating versus rotary instrumen-
tation. J Endod. 2013 Apr;39(4):501-4. 

29.	 Hashem AAR. et al. Geometric Analysis of Root Canals Prepared by 
Four Rotary NiTi Shaping Systems. J Endod. 2012 Jul;38(7):996-
1000.

30.	  Diemer F, Mallet JP. An instrument innovation for initial endodon-
tic treatment: the Revo-S® sequence. Clinic.2008 Nov; 29(11): 
616-20. 


