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Öz

Abstract
Objective: The aim of this study was to investigate the effects of two different 
self-adjusting file (SAF) working times and three different chelating agents on the 
push-out bond strength of root canal fillings in oval root canals.
Materials and Methods: Eighty mandibular premolars were selected and distributed 
into 8 groups (n=10): 4 min SAF (G1), 4 min SAF + 17% ethylenediaminetetraacetic 
acid (EDTA) (G2), 4 min SAF + 10% citric acid (CA) (G3), 4 min SAF + 1% peracetic 
acid (PAA) (G4), 6 min SAF (G5), 6 min SAF + 17% EDTA (G6), 6 min SAF + 10% 
CA (G7), and 6 min SAF + 1% PAA (G8). The root canals were filled using gutta-
percha and AH Plus root canal sealer, and the teeth were prepared for the push-out 
assessments using 1.0 mm thick root slices. Loading was performed with a universal 
testing machine at a speed of 0.5 mm/min; and then, collected data were analyzed 
statistically (α=0.05).
Results: While the different chelating agents significantly affected the push-out 
bond strength of the root canal filling (p<0.05), the different SAF working times 
did not (p>0.05). There were no significant differences among the groups in the 
apical and middle thirds of the roots (p>0.05). In the coronal thirds, G6 and G8 
indicated significantly greater bond strength values than G1 and G5 (p<0.05). 
Conclusion: According to the results, the 4 and 6 min SAF working times did 
not affect the bond strength of the root canal filling. PAA and EDTA can be 
recommended for root canal irrigation after SAF usage.

Amaç: Bu çalışmanın amacı, oval kök kanallarında iki farklı self-adjusting file (SAF) 
çalışma süresinin ve üç farklı şelasyon ajanının kök kanal dolgusunun push-out 
bağlanma dayanımı üzerine etkisinin araştırılmasıdır.
Gereç ve Yöntemler: Seksen adet mandibular premolar diş seçildi ve 8 gruba 
dağıtıldı (n=10): 4 dk SAF (G1), 4 dk SAF + %17’lik etilendiamintetraasetik asit 
(EDTA) (G2), 4 dk SAF + %10’luk sitrik asit (SA) (G3), 4 dk SAF + %1’lik perasetik 
asit (PAA) (G4), 6 dk SAF (G5), 6 dk SAF + %17’lik EDTA (G6), 6 dk SAF + %10’luk 
SA (G7), 6 dk SAF + %1’lik PAA (G8). Kök kanalları güta-perka ve AH Plus kanal patı 
kullanılarak dolduruldu ve dişler 1,0 mm kalınlıklı kök kesitleri kullanılarak push-
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Introduction 

Probably the most important criteria for an ideal 
root canal therapy is the removal of microorganisms 
from the root canals (1). However, mechanical 
instrumentation alone cannot reduce the microbial 
population in the root canal system, since it creates a 
smear layer and debris on the dentinal wall surfaces 
(2). The smear layer and debris could hamper the 
close contact between the root canal filling material 
and the dentin (3). Therefore, irrigation solutions 
act a vital role in the chemomechanical preparation 
of root canals through the removal of inorganic and 
organic remnants and the smear layer (4). Moreover, 
the usage of chelating agents and organic material 
solvents, alone or in combination, is the fundamental 
method for smear layer removal (5). 

Both rotary and reciprocating instruments touch 
less than 60% of the root canal wall surfaces due to 
the oval, flat, or irregular shaped canal morphologies 
(6,7). They also cause hard-tissue debris accumulation 
in the isthmus regions and the lingual and/or buccal 
recesses of the oval canals, preventing the removal 
of debris and jeopardizing the root filling quality (8). 
A self-adjusting file (SAF) instrument (ReDent Nova, 
Ra’anana, Israel) can adapt three-dimensionally to the 
root canal’s morphology via its highly compressible 
structure (9). The SAF works in a way similar to 
sandpaper on the root canal walls because this 
instrument has no cutting edge flutes (10). It can be 
used with a VATEA irrigation device (ReDent Nova) 
that delivers irrigation continuously through the 
hollow file. 

The goal of this in vitro investigation was to 
appraise the effects of two different SAF working times 
and three different chelating agents on the push-out 
bonding strength of root canal fillings in ovoid-shaped 
root canals.

 The null hypotheses of this investigation were as 
follows:

1. Different SAF system working times and various 
chelating agents do not affect the bonding strength of 
the root canal filling. 

2. The bonding strength of the root canal filling 
does not vary among the experimental groups in 
three different root regions.

Materials and Methods

This investigation was confirmed by the Local 
Ethics Committee of Erciyes University of Medical 
Sciences (approval number: 2017/449).

Eighty mandibular premolar human teeth of similar 
sizes and oval root morphologies, fully developed 
apices, and no previous endodontic treatment, and 
that were predominantly extracted due to periodontal 
diseases were chosen randomly for this research. 
The access cavity preparations were done by using a 
diamond fissure drill (Dentsply Maillefer, Ballaigues, 
Switzerland) in a handpiece at a high-speed under 
water cooling. For the working length determinations 
a 10 K-type hand file was placed inside the root canal 
till it could be detected at the apex, and 1 mm was 
subtracted from the measured length. Teeth were 
distributed into eight groups randomly (n=10): 

Group 1 (G1): 4 min SAF usage with 5.25% sodium 
hypochlorite (NaOCl).

Group 2 (G2): 4 min SAF usage with 5.25% NaOCl, 
then 17% ethylenediaminetetraacetic acid (EDTA). 

Group 3 (G3): 4 min SAF usage with 5.25% NaOCl, 
then 10% citric acid (CA).

Group 4 (G4): 4 min SAF usage with 5.25% NaOCl, 
then 1% peracetic acid (PAA).

Group 5 (G5): 6 min SAF usage with 5.25% NaOCl.
Group 6 (G6): 6 min SAF usage with 5.25% NaOCl, 

then 17% EDTA. 
Group 7 (G7): 6 min SAF usage with 5.25% NaOCl, 

then 10% CA.
Group 8 (G8): 6 min SAF usage with 5.25% NaOCl, 

then 1% PAA. 
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out incelemesi için hazırlandı. Yükleme işlemi bir üniversal test cihazı kullanılarak 0,5 mm/dk hızında gerçekleştirildi ve istatistiksel 
yorumlamalar yapıldı (α=0,05). 
Bulgular: Farklı şelasyon ajanları kök kanal dolgusunun push-out bağlanma dayanımını anlamlı olarak etkilerken (p<0,05), farklı SAF 
çalışma süreleri etkilemedi (p>0,05). Köklerin apikal ve orta üçlülerinde gruplar arasında anlamlı farklılık yoktu (p>0,05). Koronal 
üçlülerde, G6 ve G8, G1 ve G5’ten anlamlı olarak daha yüksek bağlanma dayanımları gösterdi (p<0,05).
Sonuç: Bulgulara göre, 4 dk ve 6 dk SAF çalışma süreleri kök kanal dolgusunun bağlanma dayanımını etkilememiştir. SAF kullanımından 
sonra kök kanallarının irrigasyonu için PAA ve EDTA kullanılması önerilebilir.
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All of the procedures were performed by one 
operator to standardize the experiments. In all groups, 
the SAF instrument was operated using a pecking 
motion in combination with a continuing flow of 
5.25% NaOCl (0.4 mm amplitude and 5.000 vibrations 
per minute) supplied by the VATEA peristaltic motor 
at a flowing rate of 6 mL/min in the 4 min groups, 
and 4 mL/min in the 6 min groups. As a result, 
24 mL of NaOCl was used in each group. All of the 
chelating agent irrigations were performed using the 
conventional syringe irrigation technique. A 30-gauge 
needle was introduced 1 mm short of the working 
length of the root canal, and 3 mL of 17% EDTA, 3 mL 
of 10% CA, or 3 mL of 1% PAA was delivered for 3 min 
in each specimen to remove the smear layer. Then 
finally, 3 mL of distilled water was used for 3 min for 
the rinsing of each specimen. 

Absorbent paper points were used to dry the 
root canals. By using the cold lateral compaction 
technique, root canals were obturated with AH 
Plus root canal sealer (Dentsply DeTrey GmbH, 
Konstanz, Germany) and gutta-percha (DiaDent 
Group International, Chungcheongbuk-do, Korea). 
To confirm the completed fillings buccolingual and 
mesiodistal radiographs were obtained. The excess 
gutta-percha was cut from the cementoenamel 
junction level by using a heated hand plugger, and the 
access cavities were covered with Cavit G (3M ESPE, 
Seefeld, Germany) temporary filling material. Then, 
the teeth were kept at 37 °C in 100% humidity for 7 
days for the fully setting of the root canal sealer. 

All roots were cut perpendicularly to the long axis 
of the roots by using diamond-coated saw at a slow-
speed (IsoMet; Buehler, Lake Bluff, IL, USA) to acquire 
three 1 mm thick specimens (one from the apical, 
one from the middle, and one from coronal third). A 
digital caliper was used to verify the 1 mm thickness 
of the specimens. Subsequently, all of the specimens 
were inspected with an operating microscope (OPMI 
pico; Zeiss, Germany) to determine if any artifacts or 
cracks occurred as a result of the slicing process, and 
no artifacts or cracks were seen. A felt tip marker was 
used to define the apical sides of each specimen. Next, 
a cylindrical plunger which was made of stainless steel 
(diameter of 0.5, 0.7, or 0.8 mm for the apical, middle, 
and coronal regions, respectively) was selected and 
located to cover the majority of the root filling surface 
as possible upon loading, while refraining any touch 

with the canal walls. The root canal fillings were 
subjected to the loads from the apical to the coronal 
direction. Push-out bond strength tests were done 
with a universal testing machine (Instron, Canton, 
MA, USA) at a cross-head speed of 0.5 mm/min until 
dislodgement happened (Figure 1). The force required 
to dislodge the root filling was saved in Newtons 
(N). Then, the dislodgement force was converted to 
shear stress (in MPa) by dividing the dislodgement 
force by the surface area of the bonded interface of 
a trapezoid, as Pereira et al. (11) used in their study. 
The surface area was calculated by taking the average 
of the length of the perimeter of the root filling in 
millimeters on the apical and coronal sides of each 
specimen and multiplying it by the height of the slice. 

To assess the failure modes of loaded slices, an 
operating microscope was used at 10x magnification. 
Failure modes were evaluated according to three 
categories: adhesive failure (no root canal sealer on 
the dentin surface), cohesive failure (surface of the 
dentin was covered with sealer), and mixed failure 
(cohesive and adhesive failure modes mixture). 

Aslan and Şener. Effects of Self-Adjusting File and Chelators

Figure 1. Loading the specimens in a universal testing machine
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Statistical Analysis
The collected data were assessed statistically by 

using a Two-Way ANOVA test (chelating agent and 
working time) with SPSS software (SPSS 20.0; SPSS 
Inc., Chicago, IL, USA). To make pairwise comparisons 
among the groups, The One-Way ANOVA and Tukey’s 
post-hoc tests were used (α=0.05). The failure modes 
of the groups were expressed as frequencies.

Results

Two-Way ANOVA test showed that while the 
different chelating agents significantly affected the 
push-out bonding strength of the root canal filling 
(p<0.05), the different SAF working times did not 
(p>0.05) (Table 1). No significant differences detected 
among the groups in the apical and middle thirds of 
the roots (p>0.05). Moreover, in the coronal third, G6 
and G8 showed greater bonding strengths than G1 
and G5 (p<0.05) (Table 2). The error bar graph of the 
bonding strength values is shown in Figure 2. 

While the cohesive and mixed failures were 
observed the most frequently in all of the groups; 
adhesive failure mode was the least observed. 
Distributions of failure modes are shown in Table 3 
according to the root thirds.

Discussion

Oval-shaped root canals represent a major 
challenge to prepare and fill (12); therefore, mandibular 
premolar teeth with oval root canal morphology were 
selected for the present study. SAF instrument was 
manufactured to cope with the mismatch problem 
of nickel titanium (NiTi) rotary files with the irregular 
shape of the root canal system (9). The irrigation 
solution passing through the instrument’s oscillating 
metal lattice enhances the efficiency of debridement 
of the root canal (13). Paque et al. (14) showed that 
the SAF system preparation produced less hard-tissue 
debris during instrumentation than the traditional 
NiTi rotary preparation.

NaOCl is one of the most common used irrigation 
solutions in root canal treatment (15). It has a strong 
antimicrobial effect and is able to dissolve necrotic and 
organic tissues; however, it is not capable of dissolving 
the inorganic components of the smear layer (16). 
The inorganic part of the smear layer can be removed 

by chelating agents; thus, exposing a great number 
of dentin tubules, which may enhance adhesion 
due to the increased contact area and improve the 
adaptation between the root canal sealer and the 
dentin (3). Hence, the consecutive use of inorganic 
and organic solvents as irrigation solutions has been 
suggested, because there has been no proven single 
irrigation solution that can remove the smear layer 

 Table 1. Two-Way ANOVA test results

Factors Sum of 
squares

Mean 
square

F Significantly

Working time 1.40 1.40 1.31 0.25

Chelating agent 24.86 8.28 7.77 0.00

 Table 2. Means and standard deviations of the groups 
according to the root thirds 
Root 
thirds 

Groups Mean 
(MPa)

Standard 
deviation

4 min. SAFa 1.92 0.38

4 min. SAF + EDTAa 1.98 0.56

4 min. SAF + CAa 1.97 0.66

Apical
 

4 min. SAF + PAAa 2.49 0.70

6 min. SAFa 2.04 0.44

6 min. SAF + EDTAa 2.26 0.55

6 min. SAF + CAa 2.00 0.40

6 min. SAF + PAAa 2.52 0.58

4 min. SAFb 2.70 0.73

4 min. SAF + EDTAb 3.46 0.86

4 min. SAF + CAb 3.39 1.09

Middle
 

4 min. SAF + PAAb 3.70 0.83

6 min. SAFb 2.84 0.59

6 min. SAF + EDTAb 3.62 0.89

6 min. SAF + CAb 3.55 0.64

6 min. SAF + PAAb 3.75 0.82

4 min. SAFc 2.98 0.76

4 min. SAF + EDTAc 3.96 0.96

4 min. SAF + CAc 3.83 0.60

Coronal
 

4 min. SAF + PAAc 4.20 0.78

6 min. SAFc 3.05 0.68

6 min. SAF + EDTAd 4.29 0.83

6 min. SAF + CAc 3.91 1.05

6 min. SAF + PAAd 4.44 0.81

*Significantly different groups are shown with different superscript letters, 
SAF: Self-adjusting file, PAA: Peracetic acid, EDTA: Ethylenediaminetetraacetic 
acid, CA: Citric acid, MPa: Marine protected area
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alone yet (17). In this study, three different chelating 
agents were used after the SAF instrumentation in 
combination with the NaOCl. In all of the groups, in 
total, 24 mL of NaOCl was used to standardize the 
irrigation volume. 

Even in the presence of organic matter PAA is not 
inactivated, does not leave residue, and does not 
produce environmentally harmful byproducts (18,19). 
Moreover, investigations into its use in endodontics 
have revealed its ability to remove the smear layer 
(19,20). Another chelating solution, EDTA, is a widely 
used and effective chelating agent that can dissolve 
the mineralized part of the smear layer (3,21). For 
effectively removing of the smear layer from the 
dentinal walls a combination of EDTA and NaOCl is 
suggested (22). One previous study reported that 
operating the SAF system in combination with EDTA 
and NaOCl irrigation provided a root canal wall 
that was significantly free of the smear layer (13). 
Furthermore, CA is a weak organic acid that is used 
as an aqueous acidic solution (23). In the literature, 
there are some studies that compare the smear layer 
removal effectiveness of EDTA and CA; however, those 
findings are contradictory. Certain studies reported 
that 10% CA is more effective than EDTA (24,25); in 
contrast, some studies found no significant difference 
between them (23,26). 

In the present study, the root canal filling was 
applied using gutta-percha and AH Plus epoxy resin 
based sealer with a lateral compaction method, 

which is the most commonly used root canal filling 
technique in clinical practice. AH Plus binds with the 
organic phase of dentin, and the binding of the root 
canal sealer to the root dentin sustains the integrity of 
the sealer-dentin interface over the long term (27,28).

The manufacturer of the SAF system advises a 4 
min use of the instrument under constant irrigation 
solution flow (29). In addition, studies using the SAF 
system at different working times are available in the 
literature. These studies are about the amount of 
deformation of the SAF instrument and the reduction 
of the number of microorganisms in the root canal 
(30,31). However, there are no studies in the literature 
about the effects of various SAF working times on the 

 Table 3. Failure mode distributions of the groups 
according to the root thirds

Groups Root 
thirds

Adhesive Cohesive Mix

4 min. SAF

Apical 2 4 4

Middle 0 4 6

Coronal 1 4 5

4 min. SAF + 
EDTA

Apical 2 5 3

Middle 1 7 2

Coronal 0 5 5

4 min. SAF 
+ CA

Apical 3 4 3

Middle 1 5 4

Coronal 0 4 6

4 min. SAF + 
PAA

Apical 2 3 5

Middle 2 4 4

Coronal 0 4 6

6 min. SAF

Apical 3 3 4

Middle 1 4 5

Coronal 1 3 6

6 min. SAF + 
EDTA

Apical 2 5 3

Middle 2 4 4

Coronal 0 6 4

6 min. SAF 
+ CA

Apical 2 3 5

Middle 0 2 8

Coronal 0 3 7

6 min. SAF + 
PAA

Apical 1 3 6

Middle 1 3 6

Coronal 1 4 5

SAF: Self-adjusting file, PAA: Peracetic acid,  
EDTA: Ethylenediaminetetraacetic acid, CA: Citric acid

Figure 2. Error bar graph of the tested groups
EDTA: Ethylenediaminetetraacetic acid, CA: Citric acid, PAA: Peracetic 
acid, CI: Confidence interval, MPa: Marine protected area
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push-out bonding strength of the root filling to the 
dentinal walls. In our results, the Two-Way ANOVA 
test showed that the different SAF working times did 
not affect the results (p>0.05). Hof et al. (10) stated 
that major abrading effectiveness of the instrument 
and most of the root canal shaping occurred at first 2 
min of usage. However, SAF instruments can be worn 
out after such a prolonged use; therefore, this result 
is not surprising. There might not have been much 
greater canal preparation among the experimental 
groups, and this might not have made a difference in 
terms of the working time. 

According to the findings of this study, no 
significant difference was observed among the groups 
in the apical thirds (p>0.05). This could be because a 
lower amount of irrigant reached the apical area and 
sclerotic structure of the dentinal tubules in the apical 
region. In addition, the more complex structure of 
the dentinal tubules in the apical area can make the 
penetration of epoxy resin into the tubules difficult 
(27). There were no significant differences among the 
experimental groups in the middle thirds (p>0.05), 
which could be due to the flushing of the middle 
regions with a higher amount of irrigating solution. 
Lastly, in the coronal thirds, no significant differences 
were observed among the groups (p<0.05). G6 and G8 
showed significantly greater bonding strengths than 
G1 and G5 (p<0.05). In addition, the Two-Way ANOVA 
test showed that the chelating agent type affected the 
bond strength values (p<0.05), suggesting that the use 
of EDTA and PAA after the 6 min SAF system preparation 
enhanced the bond strength of the root canal filling in 
the coronal third. This could be the result of a longer 
NaOCl agitation time in the coronal third, which has 
a greater canal space that can fill up with irrigant. 
Following the chelator, application with PAA and EDTA 
might cause cleaner dentinal walls and greater bond 
strengths than in the no chelating agent groups. In one 
previous study, the authors indicated that exposure of 
the organic phase with EDTA was significant for the 
ability of the AH Plus root canal sealer to adhere to 
the root dentin (27). In addition, De-Deus et al. (20) 
stated that PAA is as effective as a 17% EDTA solution 
in terms of dissolving the smear layer. 

In all of the groups, the least observed failure 
mode was adhesive failure. This finding may indicate 
relatively clean dentinal walls due to the effective 
debridement capability of the SAF system, and thus, 

the enhanced binding of the root canal sealer to the 
dentin surface. Higher frequencies of the cohesive 
and mixed failure types in the groups could be 
attributed to the mismatch of the cylindrical form 
of the plungers used and the oval shape of the root 
canals. Therefore, the root canal filling may have been 
left in the recesses of the canal. 

Conclusion

The bonding strength of the root canal filling 
was not affected by the 4 min vs. 6 min SAF working 
times. Furthermore, the use of PAA and EDTA can be 
recommended for irrigating the root canals after SAF 
system usage. However, there is a need for further 
studies to investigate the activities of varied irrigation 
solutions during or after the use of SAF over different 
periods of time.
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