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Ab s t r Ac t
Aim: To evaluate and compare in vitro  the dentinal crack formation in root canal dentin after root canal instrumentation with hand K-Flex files, 
ProTaper Next, and self-adjusting engine-driven files.
Materials and methods: Ninety-two human mandibular first molar teeth were randomly divided into four groups (n  = 23) as per the 
instrumentation protocol: group I—unprepared teeth (control); group II—hand K-Flex files (Sybron Endo); group III—ProTaper Next X1 and 
X2 (Dentsply Maillefer); group IV—self-adjusting file (ReDent Nova, Israel). All the roots were sectioned perpendicular to the long axis of the 
tooth at 9 mm, 6 mm, and 3 mm from the apex and thereby obtaining sixty-nine samples, which were then subjected to a stereomicroscopic 
examination for detection of dentinal cracks. Statistical analyses were done using the Chi-square test with SPSS (version 19), and p  value was 
set at p  < 0.05.
Results: Statistically significant differences were seen between the instrumented groups. No dentinal cracks were found in the unprepared roots 
and those prepared with hand K-Flex files (0/23). Self-adjusting-file-instrumented group showed significantly less incidence of crack formation 
when compared to the ProTaper Next group with p  = 0.001.
Conclusion: Self-adjusting file is an efficient engine-driven NiTi instrument for root canal instrumentation with the least occurrence of crack 
formation in the root canal dentin compared to the ProTaper Next system.
Clinical significance: The introduction of NiTi rotary file systems has metamorphosed the endodontic treatment by their better cutting 
efficiency and cleaning potentiality. Yet, evidenced-based clinical studies are to be conducted on the incidence of microfractures that can lead 
to vertical root fractures, which will be produced irrespective of the motion kinematics and design feature and thereby compromising the 
clinical maintenance of the endodontically treated teeth.
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In t r o d u c t I o n
The rotary nickel titanium instruments over the last decade have 
metamorphosed the design conceptualization and techniques of 
root canal preparation, which was made possible by the flexibility 
and enhanced by specific geometric design features.1  The file design 
is also likely to affect the shaping forces on the root dentin and 
have been associated to an increased risk of developing cracks.2 

The advancement in NiTi instruments have led to the 
introduction of thermomechanically processed super-elastic NiTi 
wire termed M-Wire, which rendered the NiTi instruments more 
flexibility and resistance to cyclic fatigue.3 

The ProTaper Next (Dentsply Maillefer) NiTi instruments 
manufactured recently from the M-Wire technology has a unique 
off-centered rectangular design. This feature diminished the 
screw effect, dangerous taper lock, and torque on any given file by 
minimizing the contact between the file and dentin.4 

The recently introduced self-adjusting file (ReDent Nova, Israel) 
is a hollow file designed as compressible, thin-walled, pointed 
cylinder composed of a thin NiTi lattice. When inserted into the 
root canal, it adapts itself to the canal shape both longitudinally 
and also along the perimeter of the cross section, thereby applying 
a constant delicate pressure on the root canal walls and thus 
providing a three-dimensional adaptation during the cleaning and 
shaping process.5 

However, there is no consensus concerning the role of motion 
kinematics in creating dentinal damage, and limited data are 
available to compare the dentinal crack formation with these 
newly introduced NiTi files. Hence the purpose of this in vitro  
study was to evaluate and compare the dentinal crack formation 
after instrumentation with Hand K-Flex files, ProTaper Next, and 
self-adjusting files.
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MAt e r I A l s A n d Me t h o d s
Ninety-two extracted human mandibular first molars were selected, 
cleaned, and kept in distilled water. The external root surfaces were 
inspected under a microscope (Carl Zeiss, Germany) to exclude the 
possibility of any external defects or cracks.

Specimen Preparation and Embedding of the 
Specimens in Acrylic Resin Blocks
Access cavity preparation was done using an Endo-Access bur and 
the mesiobuccal and mesiolingual canals were localized. The distal 
roots with the respective part of the crown were sectioned at the 
furcation level and discarded. The determination of the working 
length was performed with a dental operating microscope by 
inserting a #10 K-Flex file to the root canal terminus and subtracting 
1 mm from the measurement.

The roots were then covered with a single layer of aluminum 
foil and inserted in to an acrylic block. The roots were then removed 
and the aluminum foils were replaced with a light-body silicon-
based impression material (Dentsply) to simulate the periodontal 
ligament (Figs 1 to 4).

Root Canal Preparation
Instrumentation of the root canal was done for each system 
according to the manufacturer’s instructions. Canals were lubricated 

with an EDTA-containing gel and irrigated with 3 mL of 5% NaOCl 
solution after use of each file. At the end, the canals were rinsed 
with 1 mL of 17% EDTA solution, followed by a final NaOCl rinse.

The roots were divided into four groups (n  = 23).
Group I: It served as control where no instrumentation was 

done.
Group II: Instrumentation with hand K-Flex files till an apical 

size of 25.
Group III: Instrumentation with hand K-Flex files till an apical 

size of 20 followed by instrumentation with the ProTaper Next X1 
(17/0.04), X2 (25/0.06) at 300 rpm and 2.0 N cm.

Group IV: Instrumentation with hand K-Flex files till an apical 
size of 20 followed by instrumentation with a self-adjusting file 
(1.5 mm) with amplitude of 0.4 mm and 5,000 vibrations per minute 
in each canal.

Sectioning and Microscopic Examination (Figs 5 and 6)
All roots were then sectioned perpendicular to the long axis at 9, 6, 
and 3 mm from the apex using a diamond disc with water coolant. 
Each specimen was examined for the presence of dentinal cracks 
by two operators who were blinded about the study group. Digital 
images of each section were captured at 40× magnification using 
a digital camera (S6200; NIKON CORP, Tokyo, Japan). The results 
were expressed as number and percentage of cracks in each group.

Fig. 4: Self-adjusting file and its lattice framework

Fig. 1: Materials used in the study Fig. 2: Experimental set up

Fig. 3: SAF Pro SYSTEM including All-in-one Endo Station
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Statistical Analysis
The data were tabulated and subjected to a statistical analysis using 
the Chi-square test with SPSS (IBM, USA-Version 19.0). The level of 
significance was set at p  < 0.05.

re s u lts
The group I and group II revealed no cracks in the root canal 
dentin, and the highest incidence of crack formation was seen in 
group III (14/69)—3 in apical section, 6 in middle section, and 9 in 
coronal section, as represented in Figure 7, which was statistically 
significant when compared to group IV (1/69) with p  = 0.001 as 
shown in Tables 1 and 2.

dI s c u s s I o n
The biomechanical root canal preparation is one of the most 
inexorable step in achieving endodontic success. During a root 
canal preparation, the contacts between the instrument and canal 
walls can create a transient stress concentration in the dentinal 
canal wall. The studies have also reported that the zeal of rotary 
root canal instrumentation results in excessive dentin removal, 
generating increased stress and friction on root canal walls, which 
may contribute to the inception of dentinal cracks or craze lines.6 – 9  
The nickel titanium instruments with new design features in relation 
to tip size, taper, helix angle, cross section, and pitch are continually 
manufactured in an attempt to overcome the canal preparation 
errors. The technological advancement in metallurgical sciences 
has led to the introduction of new alloys with superior mechanical 
properties.

The present in vitro  study compared the incidence of dentinal 
crack formation in the mesial roots of human mandibular molars at 
three regions—apical, middle, and coronal—after instrumentation 
with hand K-Flex files, ProTaper Next, and self-adjusting files, and 
subjecting these samples to a stereomicroscopic examination.

The samples chosen in this study were examined under a 
stereomicroscope before the commencement of experimental 
research to determine the presence of pre-existing cracks, craze 
lines, or fractures. The periodontal ligament with its viscoelastic 
property plays a major role in dissipating stress generated by load 

Figs 5A to C: Section with cracks; (A) Coronal third; (B) Middle third; (C) Apical third

Fig. 7: Overall distribution of cracks at three levels (apical, middle, and 
coronal)

Figs 6A to C: Section without cracks; (A) Coronal third; (B) Middle third; (C) Apical third
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application during the masticatory process. Therefore, the root 
surfaces were coated with a layer of polyvinyl siloxane material 
before placing within the acrylic block to simulate the periodontal 
ligament, as described by Milani et al.10  The sectioning procedure 
had no influence on crack formation as exhibited by the control 
group. This is due to the storage of samples in distilled water to 
prevent dehydration and the sectioning procedure, which were 
done under water coolant.11 

The samples prepared with hand K-Flex files (group II) 
did not exhibit cracks in the root canal dentinal wall after the 
stereomicroscopic examination. These findings were in agreement 
with several other studies and could be attributed to the absence 
of a belligerent rotary motion and less taper of hand K-Flex files 
compared with the engine-operated NiTi rotary instruments.12 – 15 

The samples prepared with the ProTaper Next rotary file system 
(group III) exhibited the highest number of cracks at all levels of the 
root canal (i.e. apical third, middle third, and coronal third), with 
the highest being at the middle third (26%) as shown in Figure 7. 
These results may be attributed to the highest stress concentration 
at the most curved mid root area and may also be related to the 
offset rectangular design of the ProTaper Next rotary instrument, 
creating a swaggering motion. As a result of this design, any given 
ProTaper Next file can cut a bigger envelope of motion compared 
to a similarly sized file with a symmetrical mass and axis of rotation, 
resulting in excessive dentin removal. The observation of the 
present study is in accordance with Capar et al., who reported the 
incidence of dentinal crack formation after instrumentation with 
the ProTaper Next X2 file.14 , 15 

Adorno et al. revealed the incidence of dentinal crack formation 
after instrumentation with rotary NiTi files, which were due to the 
excessive dentinal removal and thereby debilitating the roots.16  The 
present study demonstrated a higher incidence of dentinal crack 
formation at the mid-root area and can be attributed to the highest 
stress concentration at the most curved mid-root area.

The rotary NiTi files that are currently utilized are of great 
assistance when treating straight or round cross-sectioned root 
canals. However, these instruments are less effective when dealing 
with flat or oval canals. Flat oval root canals are common in distal 
roots of lower molars, upper and lower bicuspid, lower incisors, and 
canines. The buccal and lingual areas of such flat root canals and the 

area facing the isthmus in tear-shaped ones cannot be adequately 
prepared by current rotary files. All current rotary files have one or 
another type of spiral blade and helical formation that machines the 
root canal into a round cross section. Substantial untouched areas 
may be left on the buccal and lingual sides of root canals, which 
may serve as a potential habitat for the bacteria.17 

The self-adjusting file system (ReDentNova, Israel)—the newly 
introduced system—is claiming to close the gap between what we 
believe we do and what we can actually achieve in long oval or flat 
canals and their three-dimensional (3D) reality.

The samples instrumented with a self-adjusting file exhibited 
minimal cracks (1%). This is because the rotational movement was 
not applied and these files exerted a constant delicate pressure on 
the root canal dentinal walls, which allows the uniform removal 
of dentin along the whole perimeter of the root canal. The in and 
out vibrating movements of the file instead of full rotation have 
resulted in less stress concentration in the root canal. The efficacy 
of self-adjusting file in shaping C-shaped canals have demonstrated 
a significantly better performance than the ProTaper system 
by adapting itself to the canal shape both longitudinally and 
along the cross section, ensuring three-dimensional adaptation. 
Furthermore, the continuous irrigation through the self-adjusting 
file minimized the friction and facilitated the removal of dentin.  
These observations are in accordance with those of Yoldas et al., 
who reported the absence of dentinal cracks in a canal instrumented 
with the self-adjusting file system.17 – 19 

Unfortunately, the in vitro  condition of the study limited the 
clinical pertinence due to the invariability in study design and 
evaluation techniques. In the present study, only the roots were 
prepared instead of the entire tooth, which did not mimic the 
clinical scenario.

The dearth of natural periodontal ligament was a significant 
limitation. However, there is no consistent and standard 
experimental design for periodontal ligament stimulation. 
Soros et al. stated that the elastomeric impression materials are 
inadequate to represent exactly both the natural periodontal 
ligament and what may be present in the clinical situation.20  
However, the authenticity of this in vitro  study can be appreciated 
by having more numbers of clinical trials and hence, further 
randomized controlled clinical trials are recommended.

Table 2: Overall distribution of cracks at three levels (apical, middle, and coronal) and its percentage

Groups

Overall incidence of cracks

TotalAbsent (0.00) Present (1.00) Chi-square value p  value
Group I 69 0 69
Group II 69 0 69
Group III 55 14 (20%) 69 39.690 0.001
Group IV 68 1 (1%) 69
Total 261 15 276

Table 1: Intergroup comparison of number of cracks at apical, middle, and coronal third and percentage of sections with cracks

Group I Group II Group III Group IV

Cracks Cracks Cracks Cracks
Present Absent Present Absent Present Absent Present Absent Chi-square value p  value

Apical (3 mm) 0 23 0 23 3 (13%) 23 0 23 9.303 0.026
Middle (6 mm) 0 23 0 23 6 (26%) 17 1 (4%) 22 15.308 0.002
Coronal (9 mm) 0 23 0 23 5 (22%) 18 0 23 15.862 0.001
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co n c lu s I o n
Within the limitations of the study, it can be observed that

• No crack formation was observed in the samples instrumented 
with hand K-Flex files

• Self-adjusting files exhibited fewer cracks in comparison with 
the samples instrumented with the ProTaper Next

• Self-adjusting file system can be considered as the most reliable 
and efficient engine-driven NiTi instrument for root canal 
instrumentation

re f e r e n c e s
 1. Peters OA. Current challenges and concepts in the preparation of root 

canal systems: a review. J Endod 2004;30(8):559–567. DOI: 10.1097/01.
DON.0000129039.59003.9D.

 2. Yoldas O, Yilmaz S, et al. Dentinal micro crack formation during 
root canal preparations by different NiTi rotary instruments and 
the Self-Adjusting File. J Endod 2012;38(2):232–235. DOI: 10.1016/ 
j.joen.2011.10.011.

 3. Johnson E, Lloyd A, et al. Comparison between a novel nickel-
Titanium alloy and 508 nitinol on the cyclic fatigue life of ProFile 
25/.04 rotary instruments. J Endod 2008;34:1406–1409. DOI: 10.1016/ 
j.joen.2008.07.029.

 4. Ruddle CJ. The ProTaper endodontic system: geometries, features 
and guidelines for use. Dent Today 2001;20:6–7.

 5. Metzger Z, Bassarani B, et al. Instruments, Materials and devices. In: 
Cohen  S, Hargreaves  K. ed. Philadelphia, PA: Cohen’s Pathwaysofthe 
Pulp. Elsevier; 2010.

 6. Priya NT, Chandrasekhar V, et al. Dentinal micro cracks after root 
canal preparation a comparative evaluation with hand, rotary and 
reciprocating instrumentation. J Clin Diagn Res 2014;8(12):70–72. 
DOI: 10.7860/JCDR/2014/11437.5349.

 7. Kim HC, Lee MH, et al. Potential relationship between design of 
nickel-titanium rotary instruments and vertical root fracture. J Endod 
2010;36(7):1195–1199. DOI: 10.1016/j.joen.2010.02.010.

 8. Lam PP, Palamara JE, et al. Fracture strength of tooth roots following 
canal preparation by hand and rotary instrumentation. J Endod 
2005;31:529–532. DOI: 10.1097/01.don.0000150947.90682.a0.

 9. Bier CA, Shemesh H, et al. The ability of different nickel titanium 
instruments to induce dentinal damage during canal preparation.  
J Endod 2009;35(2):236–238. DOI: 10.1016/j.joen.2008.10.021.

 10. Milani AS, Froughreyhani M, et al. The effect of root canal preparation 
on the development of dentin cracks. Iran Endod J 2012;7(4): 
177–182.

 11. Hin ES, Wu MK, et al. Effects of Self adjusting file, Mtwo and ProTaper 
on the root canal wall. J Endod 2013;39(2):262–264. DOI: 10.1016/ 
j.joen.2012.10.020.

 12. Yigit DH, Aydemir S, et al. Evaluation of dentinal defect formation 
after root canal preparation with two reciprocating systems and 
hand instruments: an in vitro  study. Biotechnol Biotechnol Equip 
2015;29(2):368–373. DOI: 10.1080/13102818.2014.996982.

 13. Garg S, Mahajan P, et al. Comparison of dentinal damage induced by 
different nickel-titanium rotary instruments during canal preparation. 
J Conserv Dent 2015;18(4):302–305. DOI: 10.4103/0972-0707.159730.

 14. Capar ID, Arslan H, et al. Effects of ProTaper Next, ProTaper Universal 
and HyFlex Instruments on crack formation in dentin. J Endod 
2014;40(9):1482–1484. DOI: 10.1016/j.joen.2014.02.026.

 15. Shori DD, Shenoi PR, et al. Steriomicroscopic evaluation of dentinal 
defects introduced by new rotary system: “ProTaper Next”. J Consev 
Dent 2015;18(3):210–213. DOI: 10.4103/0972-0707.154045.

 16. Adorno CG, Yoshioka T, et al. The effect of root preparation technique 
and instrumentation length on the development of apical root cracks. 
J Endod 2009;35(4):389–392. DOI: 10.1016/j.joen.2008.12.008.

 17. Metzger Z, Teperovich E, et al. The self-adjusting file (SAF). Part 1: 
Respecting the root canal anatomy-A new concept of endodontic files 
and its implementation. J Endod 2010;36(4):679–690. DOI: 10.1016/ 
j.joen.2009.12.036.

 18. Hof R, Perevalov V, et al. The self-adjusting file (SAF). Part 2: Mechanical 
analysis. J Endod 2010;36(4):691–696. DOI: 10.1016/j.joen.2009. 
12.028.

 19. Peters OA, Paque F. Root canal preparation of maxillary molars with 
self-adjusting file: a micro-computed tomography study. J Endod 
2011;37:53–57. DOI: 10.1016/j.joen.2010.08.047.

 20. Soros C, Zinelis S, et al. Spreader load required for vertical root 
fracture during lateral compaction ex vivo : evaluation of periodontal 
simulation and fracture load information. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 2008;106:64–70. DOI: 10.1016/ 
j.tripleo.2008.03.027.




