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SUMMARY
Aim: We evaluated the effects of 5% NaOCl solution, 17% 

EDTA solution, and RC-Prep on the amount of apically extru-

ded debris and the incidence of dentinal cracks during canal 

preparation using the ProTaper Next and Reciproc systems.

Materials and Methods: In total, 255 human mandibular 

incisors were divided into eight groups (n=30 each) and a 

control group (n=15). Teeth in groups 1 (NaOCl), 2 (EDTA), 

3 (RC-Prep), and 4 (EDTA+RC-Prep) were prepared using 

the ProTaper Next system, and those in groups 5 (NaOCl), 6 

(EDTA), 7 (RC-Prep), and 8 (EDTA+RC-Prep) were prepared 

using the Reciproc system. Apical extrusion and crack forma-

tion were each examined in 15 teeth from each group. Extru-

ded debris was collected in pre-weighed Eppendorf tubes. In 

the crack detection study, teeth were sectioned horizontally 

at 3, 6, and 9 mm from the apex. The slices were then viewed 

through a stereomicroscope at ×25 magnification.

Results: Among ProTaper Next groups, the amount of deb-

ris extruded was significantly greater in group 1 (NaOCl) than 

in groups 2 (EDTA), 3 (RC-Prep), and 4 (EDTA+RC-Prep; p< 

0.001). No significant difference was detected among groups 

2, 3, and 4. Among Reciproc groups, the amount of debris 

extruded was significantly greater in group 5 (NaOCl) than 

in groups 6 (EDTA), 7 (RC-Prep), and 8 (EDTA+RC-Prep; p< 

0.001). No significant difference was observed among groups 

6, 7, and 8. The total numbers of cracks were significantly lar-

ger in groups 1 (ProTaper – NaOCl), 3 (ProTaper – RC-Prep), 

5 (Reciproc – NaOCl), and 7 (Reciproc – RC-Prep) than in 

groups 2 (ProTaper – EDTA), 4 (ProTaper – EDTA+RC-Prep), 6 

(Reciproc – EDTA), and 8 (Reciproc – EDTA+RC-Prep).

Conclusions: Within the limitations of this study, EDTA soluti-

on or RC-Prep causes less apical extrusion. The use of EDTA 

solution produced fewer dentinal cracks, and the use of RC-

Prep alone did not affect.

Keywords: Apical extrusion, dentinal crack, EDTA, lubricant

ÖZET
Amaç: Kök kanallarının ProTaper Next (Dentsply Maillefer, Bal-

laigues, İsviçre) ve Reciproc (VDW, Münih, Almanya) sistemle-

ri ile şekillendirilmesi sırasında %5’lik NaOCl çözeltisi, %17’lik 

EDTA çözeltisi ve RC-Prep (Premier Dental, Philadelphia, PA, 

USA) kullanımının apikalden taşan debris miktarı ve dentin 

çatlağı oluşumu üzerindeki etkisi değerlendirilmiştir. 

Gereç ve Yöntem: 255 insan mandibular keser diş sekiz grup 

(n=30) ve kontrol grubu (n=15) olarak ayrılmıştır. Grup 1 (Na-

OCl), 2 (EDTA), 3 (RC-Prep) ve 4 (EDTA+RC-Prep) ProTaper 

Next sistemi ile, grup 5 (NaOCl), 6 (EDTA), 7 (RC-Prep) ve 8 

(EDTA+RC-Prep) Reciproc sistemi ile şekillendirilmiştir. Apikal 

taşma ve çatlak oluşumu değerlendirmeleri için her gruptan 

15 örnek kullanılmıştır. Taşan debris, daha önceden ağırlığı 

tespit edilmiş olan Eppendorf tüplerine biriktirilmiştir. İşlem 

süreleri kaydedilmiştir. Çatlak tespiti için dişler apeksten 3, 6 
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ve 9 mm uzaklıklardan düşük hız ve su soğutması altında 

yatay olarak kesilmiştir. Kesitler ×25 büyütme altında ster-

yomikroskop ile incelenemiştir.

Bulgular: Apikalden taşan debris değerlendirildiğinde, 

ProTaper Next grupları arasında grup 1’de (NaOCl); grup 

2 (EDTA), 3 (RC-Prep) ve 4 (EDTA+RC-Prep; p< 0.001)’den 

daha fazla debris taşmıştır. Grup 2, 3 ve 4 arasında ise 

fark tespit edilmemiştir. Reciproc gruplarından grup 5’de 

(NaOCl); grup 6 (EDTA), 7 (RC-Prep) ve 8 (EDTA+RC-Prep; 

p< 0.001)’den daha fazla debris taşmıştır. Grup 6, 7 ve 8 

arasında ise fark tespit edilmemiştir. Çatlak tespit dene-

yinin sonuçlarına göre deney grupları ve kontrol grubu 

arasında istatistiksel olarak belirgin fark görülmüştür. Top-

lam çatlak sayıları değerlendirildiğinde grup 1 (ProTaper 

– NaOCl), 3 (ProTaper – RC-Prep), 5 (Reciproc – NaOCl) 

ve 7 (Reciproc – RC-Prep)’de grup 2 (ProTaper – EDTA), 

4 (ProTaper – EDTA+RC-Prep), 6 (Reciproc – EDTA) ve 8 

(Reciproc – EDTA+RC-Prep)’den daha fazla çatlak ortaya 

çıkmıştır.

Sonuçlar: Bu çalışmanın sınırları dahilinde, EDTA çözeltisi 

yada RC-Prep kullanımı apikalden taşan debris miktarını 

azaltmıştır. EDTA çözeltisi çatlak oluşumunu azaltırken, sa-

dece RC-Prep kullanımının etkisi olmamıştır. 

Anahtar kelimeler: Apikalden taşma, dentin çatlağı, 

EDTA, lubricant

INTRODUCTION
During chemo-mechanical preparation, many factors, 

such as the extrusion of debris containing dentine chips, 

remnants of pulpal tissue, irrigating solution, microorga-

nisms and by-products, may lead to postoperative inf-

lammation, flare ups, and short- and long-term failure.1 In 

addition, preparation procedures can damage the root 

dentine, resulting in dentinal cracks2,3 that have the poten-

tial to develop into vertical root fractures4 and lead to the 

extraction of the tooth.5

Several studies have demonstrated that all preparation 

techniques and instruments cause the extrusion of some 

debris.6–8 The effects of the design (size and type) and 

kinematics of endodontic instruments and of preparati-

on techniques on the amount of apical debris extruded 

have been investigated widely.9–11 In addition, several 

studies have investigated the effects of different irrigation 

systems and techniques on apically extruded debris and 

irrigants.12–14

Despite several advantages, instrumentation with NiTi 

files can induce microcrack formation at different levels 

of the root canal walls.15,16 Several rotating and reciproca-

ting NiTi systems have been designed to enable easier, 

faster, safer, and better root canal shaping. ProTaper Next 

(Dentsply Maillefer, Ballaigues, Switzerland) instruments 

have off-centre rectangular designs and progressive- 

and regressive-percentage tapers on single files, which 

are made using M-Wire technology. The off-centre rec-

tangular design minimises contact between the file and 

the dentine and decreases the screw effect, potentially 

dangerous taper lock, and torque on any given file.17 The 

Reciproc (VDW, Munich, Germany) single-file NiTi system 

was also produced using M-Wire technology to increase 

the flexibility of the instrument.18 Reciproc files are used 

with a reciprocating motion to reduce stress on the instru-

ment and to minimise the occurrence of fractures due to 

cyclic fatigue.19

Ethylenediamine tetraacetic acid (EDTA) is a calcium-che-

lating agent that can act as a lubricant during root canal 

preparation,20 increase antibacterial activity,21 and remo-

ve the smear layer.22 Although irrigants such as sodium 

hypochlorite (NaOCl) may serve as lubricants like EDTA, 

paste-type substances containing EDTA are marketed es-

pecially for this purpose. Manufacturers of rotary systems 

routinely recommend the use of these paste-type prepa-

rations to reduce stress on instruments and/or to improve 

hard-tissue debridement.23

To our knowledge, no reported study has compared the 

effects of 17% EDTA, 5% NaOCl solutions and paste-type 

lubricant on the amount of apically extruded debris and 

the incidence of root canal cracks during root canal pre-

paration procedures. The aim of this study was to evalu-

ate the effects of 5% NaOCl solution, 17% EDTA solution, 

and RC-Prep (Premier Dental, Philadelphia, PA, USA) on 

the amount of apically extruded debris and the incidence 

of dentinal cracks during canal preparation using two dif-

ferent NiTi systems.

MATERIALS AND METHODS
In total, 255 freshly extracted human mandibular incisors 

with mature apices and straight root canals were sele-

cted24 and kept in purified filtered water. All teeth were 

analysed using digital radiography in the buccal and 

proximal directions to confirm that they had single canals 

and apical foramina, and uncomplicated root canal ana-

tomy. The soft-tissue remnants and calculus on the ex-

ternal root surfaces were removed by hand devices. To 

standardize specimen lengths, all teeth were shortened 

to 16 mm by flattening of the incisal edge with a low-spe-

ed saw (Isomet; Buehler Ltd., Lake Bluff, IL, USA) under 

water cooling. The root surfaces were examined under an 

operating microscope (OPMI Pico; Carl Zeiss, Oberkoc-

hen, Germany) to enable the exclusion of specimens with 

external defects or cracks. Under the operating micros-

cope, the working length (WL) was determined as 1 mm 

short of the length of a size 15 K-file that was visible at the 

major apical foramen.

The samples were divided randomly into eight experi-

mental groups (n = 30 each) and a control group (n = 15).

Effect of lubricants on apical debris and crack
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Group 1 (G1: ProTaper – NaOCl). ProTaper Next instru-

ments (#17 .04, #25 .06) were used to the WL with gentle 

in-and-out brushing motion, according to the manufactu-

rer’s instructions. For each specimen, a total of 15 mL 5% 

NaOCl was used for irrigation between files and pecking 

sequences.

Group 2 (G2: ProTaper – EDTA). The same procedure 

was used as in G1, except that a total of 10 mL NaOCl and 

5 mL 17% EDTA were used.

Group 3 (G3: ProTaper – RC-Prep). The same procedure 

was used as in G1, except that RC-Prep was applied to the 

cutting edges of files before insertion.

Group 4 (G4: ProTaper – EDTA+RC-Prep). The same 

procedure was used as in G1, except that a total of 10 mL 

NaOCl and 5 mL EDTA were used and RC-Prep was app-

lied to the cutting edges of the files before insertion.

Group 5 (G5: Reciproc – NaOCl). A Reciproc instrument 

(#25 .08) was used to the WL, with a reciprocating slow 

in-and-out pecking motion according to the manufactu-

rer’s recommendation. For each specimen, a total of 15 

mL NaOCl was used for irrigation between files and pec-

king sequences.

Group 6 (G6: Reciproc – EDTA). The same procedure 

was used as in G5, except that a total of 10 mL NaOCl and 

5 mL EDTA were used.

Group 7 (G7: Reciproc – RC-Prep). The same procedure 

was used as in G5, except that RC-Prep was applied to the 

cutting edges of files before insertion. 

Group 8 (G8: Reciproc – EDTA+RC-Prep). The same 

procedure was used as in G5, except that a total of 10 mL 

NaOCl and 5 mL EDTA were used and RC-Prep was app-

lied to the cutting edges of the files before insertion. 

Group 9 (G9). G9 (n = 15) served as a control group for 

the crack detection study; no preparation was done.

For all samples, 5 mL distilled water was used for the final 

irrigation. Apical canal patency was controlled with a size 

15 K-file. Instruments were used to prepare a single canal 

per specimen. All root canal preparations were comple-

ted by a single operator.

Apical extrusion study
In total, 120 teeth (n = 15/group) were used for the api-

cal extrusion study. Teeth were placed in the vial system, 

which had been pre-weighed three times using an analy-

tical balance (AUW-220D; Shimadzu, Tokyo, Japan) with 

an accuracy of 10-5g. Holes were created in the rubber 

stoppers of vials with a hot instrument. Each tooth was in-

serted under pressure through the rubber stopper, which 

was fixed to the cemento-enamel junction using cyanoac-

rylate (Quickstar; Furkan Inc., Istanbul, Turkey). The rub-

ber stopper with the tooth was then fitted into the mouth 

of the vial. The apical part of the root was suspended wit-

hin the vial, which acted as a collecting container for the 

apical material extruded through the foramen of the root. 

A 25-G needle was placed through the rubber stopper to 

equalise the air pressure inside and outside the vial.

After the instrumentation was complete, the stopper, ne-

edle, and tooth were separated from the Eppendorf tube, 

and the debris that adhered to the root surface was colle-

cted by washing the root with 1 mL distilled water while in 

the tube. The vials were stored in an incubator at 68°C for 

5 days to evaporate the moisture before weighing the dry 

debris. Glass vials that included dry extruded debris were 

weighed in the same manner as during the initial measu-

rement. The weight of the extruded debris was determi-

ned by subtracting the weight of the pre-weighed empty 

glass vials from the weight of the tubes containing dried 

debris. The durations of preparation periods were also re-

corded.

Crack detection study
In total, 135 teeth (n = 15/group) were used for the crack 

detection study. The surfaces of the experimental roots 

were coated with a silicone impression material to simu-

late the periodontal ligament space. All roots were then 

embedded in acrylic blocks.

After root canal preparation was performed as descri-

bed above, all experimental and control (no preparation) 

samples were sectioned perpendicular to the long axis at 

3, 6, and 9 mm from the apex with a low-speed saw un-

der water cooling. Then, the slices were viewed through a 

stereomicroscope (DM750; Leica, Wetzlar, Germany) and 

pictures were taken with a digital camera (D-Lu×3, Leica, 

Germany) attached to the stereomicroscope at a magnifi-

cation of ×25. Crack formation was classified using the ca-

tegories ‘no crack’ and ‘crack’. ‘No crack’ was defined as 

the absence of cracks and craze lines in root dentine on 

the internal (canal) or external (root) surface. ‘Crack’ was 

defined as any line observed on the slice that extended 

from the root canal lumen to the dentine or from the outer 

root surface into the dentine.25

Statistical analysis
Data on the amount of apically extruded debris and time 

required for preparation were subjected to one-way analy-

sis of variance and Tukey’s tests. Data for the crack detec-

tion study were subjected to χ2 tests. The SPSS software 

(ver. 22.0; SPSS, Chicago, IL, USA) was used. The statisti-

cal significance level was set at p< 0.05.

RESULTS
Apical extrusion
The median weights of the extruded debris are presented 

in Table 1. Significant differences in the amount of extru-

ded debris among groups are presented in Table 2. The 

median preparation durations are shown in Table 3.

Among ProTaper Next groups, the amount of debris ext-

ruded was significantly greater in G1 (NaOCl) than in G2 

(EDTA), G3 (RC-Prep), and G4 (EDTA+RC-Prep). No signifi-

Effect of lubricants on apical debris and crack
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cant difference was detected among G2, G3, and G4.

Table 1. Median weight of apically extruded debris (10-5 g)

Table 2. Significant differences of the amount of extruded debris between expe-
rimental groups.

* indicated statistically difference. (p <.001)

Table 3. Median time values.

Different letters indicated statistically difference. (p<.001) (seconds).

Among Reciproc groups, the amount of debris extruded 

was significantly greater in G5 (NaOCl) than in G6 (EDTA), 

G7 (RC-Prep), and G8 (EDTA+RC-Prep). No significant dif-

ference was observed among G6, G7, and G8.

Among all groups, the amount of debris extruded was sig-

nificantly greater in G1 (ProTaper – NaOCl) than in G5 (Re-

ciproc – NaOCl), G6 (Reciproc – EDTA), G7 (Reciproc – RC-

Prep), and G8 (Reciproc – EDTA+RC-Prep). This amount 

was significantly greater in G5 (Reciproc – NaOCl) than in 

G2 (ProTaper – EDTA) and G4 (ProTaper EDTA+RC-Prep), 

and in G3 (ProTaper – RC-Prep) than in G8 (Reciproc – ED-

TA+RC-Prep).

Among ProTaper Next groups, preparation time was sig-

nificantly shorter in G3 (RC Prep) and G4 (EDTA+RC-Prep) 

than in G1 (NaOCl) and G2 (EDTA). The preparation time 

was significantly longer in G5 (Reciproc – NaOCl) than in 

the other Reciproc groups, but shorter in G5 than in all 

ProTaper Next groups.

Crack formation
The percentage and number of cracks are presented in 

Table 4. The control group had no crack. Significant dif-

ferences were observed between the control and experi-

mental groups. The experimental groups showed no sig-

nificant difference among sections (3, 6, and 9 mm).

The total numbers of cracks were significantly larger in 

G1 (ProTaper – NaOCl), G3 (ProTaper – RC-Prep), G5 (Re-

ciproc – NaOCl), and G7 (Reciproc – RC-Prep) than in G2 

(ProTaper – EDTA), G4 (ProTaper – EDTA+RC-Prep), G6 

(Reciproc – EDTA), and G8 (Reciproc – EDTA+RC-Prep).

Table 4. Number and percentage of cracks in the different cross-section slices.

Different letters indicated statistically difference. (p<.05)

DISCUSSION
Chemo-mechanical preparation may cause apical ext-

rusion of debris26 and dentinal cracks,2 leading to the fa-

ilure of root canal treatments.5,27 The effects of different 

NiTi systems10,11 and irrigation methods/systems12,13 on 

apical extrusion have been investigated. In addition, the 

effects of different NiTi systems on the incidence of den-

tinal cracks has been investigated widely.15,16 However, 

no reported study has investigated the effects of EDTA 

and lubricants on the amount of apically extruded debris 

and incidence of dentinal cracks. Thus, in this study, we 

aimed to compare the amount of apically extruded debris 

and incidence of dentinal cracks resulting from the use of 

5% NaOCl, 17% EDTA, and RC-Prep with two different NiTi 

systems (ProTaper Next, Reciproc).

Apical extrusion
The results of this study showed that the use of EDTA 

and/or RC-Prep caused significantly less apical extrusi-

on of debris than did the use of NaOCl alone in the Pro-

Taper Next and Reciproc groups. In addition, the use of 

EDTA+RC-Prep caused less debris extrusion than did the 

use of EDTA or RC-Prep alone, but these differences were 

not significant. To our knowledge, no reported study has 

Effect of lubricants on apical debris and crack
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investigated the effects of EDTA solution or RC-Prep on 

the amount of apically extruded debris. Thus, no previous 

data are available for comparison with our findings.

EDTA solution can decrease the microhardness of denti-

ne.28–30 The softening of dentine caused by chelating so-

lutions may facilitate the cutting and removal of dentine 

during instrumentation, resulting in less debris extrusion. 

A scanning electron microscopic analysis of root canal 

walls28 revealed the presence of a wax-like smear layer, 

attributed to the polyethylene glycol base of an EDTA–

urea peroxide–polyethylene glycol compound, after pre-

paration. Another study showed that neither irrigation nor 

further preparation was able to remove radioactive glyce-

rol completely after the use of 2.5% NaOCl with an EDTA–

urea peroxide–14 C-labeled glycerol paste.31 During pre-

paration with RC-Prep, dentinal debris may penetrate into 

this non-removable layer, reducing the amount of apically 

extruded debris. In addition, the peroxides in RC-Prep 

can decrease the microhardness of dentine,32 which may 

increase the effectiveness of instrumentation and decrea-

se the amount of apically extruded debris. 

The combined use of EDTA solution and RC-Prep caused 

significantly less debris extrusion than observed for other 

treatments in this study. The combined effects of lubrica-

tion and smear removal by EDTA solution and EDTA gel 

may help to push the dentinal debris in the coronal dire-

ction. 

The comparison of NiTi systems employed with the same 

irrigation protocols (G1 vs. G5, G2 vs. G6, G3 vs. G7, G4 vs. 

G8) showed that use of the Reciproc system caused sig-

nificantly less apical extrusion than did the use of the Pro-

Taper Next system. This finding may be explained by the 

reciprocating action, which is a type of mechanised, ba-

lanced, forced, pressure-less technique, of the Reciproc 

system.33 In addition, differences in file design may have 

affected the amount of apically extruded debris.34 The Re-

ciproc system has an S-shaped cross section, sharp cut-

ting edges, and no radial land,35 whereas ProTaper Next 

files have an off-centre rectangular design.

Borges .11 and Silva36 reported no significant difference in 

the outcomes of use of the ProTaper Next and Reciproc 

systems. However, in both studies, files with different 

apical sizes and tapers (Reciproc R40 and ProTaper Next 

X4) were used, with distilled water serving as the irriga-

tion solution. Topçuoğlu37 also used the Reciproc R40, 

ProTaper Next X4, and distilled water, and reported that 

the Reciproc caused more debris extrusion than did the 

ProTaper Next. These differences may be attributed to dif-

ferences in apical size and taper of NiTi systems, as well 

as the irrigation solution used.

Crack formation
The results of this study showed that the incidence of 

dentinal cracks was similar in the RC-Prep and NaOCl 

groups instrumented with the ProTaper Next and Re-

ciproc systems. Alireza38 and Aydin39 reported similar re-

sults. Although RC-Prep acts as a lubricant during canal 

preparation, the wax-like smear layer caused by RC-Prep28 

may be thick and contain dentinal debris, and thus may 

increase the incidence of dentinal cracks.

No significant difference between the EDTA and ED-

TA+RC-Prep groups was observed in specimens instru-

mented with the ProTaper Next or Reciproc system; howe-

ver, both of these groups showed significantly fewer 

dentinal cracks then did the NaOCl and RC-Prep groups. 

Compared with NaOCl, EDTA has a better chelating effect 

and can cause a greater decrease in the microhardness 

of root canal dentine.40 The more effective lubrication of 

EDTA may increase the effectiveness of instrumentation 

and reduce the incidence of dentinal cracks.

In this study, the incidence of dentinal cracks did not dif-

fer between groups instrumented with the ProTaper Next 

and Reciproc systems. Priya41 found no difference betwe-

en groups instrumented with the two NiTi systems, with 

NaOCl alone used for irrigation.

Regardless of the irrigation protocol, significantly less 

time was required for preparation in the Reciproc groups. 

Among ProTaper Next groups, preparation was signifi-

cantly faster in the RC-Prep and EDTA+RC-Prep groups 

than in the NaOCl and EDTA groups. Preparation was 

slower in the Reciproc NaOCl group than in the other Re-

ciproc groups, but it was faster in this group than in all Pro-

Taper Next groups.

CONCLUSIONS
In the instrumentation of root canals with the ProTaper 

Next and Reciproc systems, the use of 17% EDTA soluti-

on or RC-Prep causes less apical extrusion than does the 

use of 5% NaOCl solution. The use of EDTA solution or ED-

TA+RC-Prep produced fewer dentinal cracks, and the use 

of RC-Prep alone did not affect the incidence of dentinal 

cracks.
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