
Introduction: 
Canal shaping procedures and rotary instrumentation with NiTi 
instruments can induce crack formation.[1] Crack is de�ned as a 
defect with complete crack lines extending from inner root canal 
space up to the outer surface of the root.[2,3] These  Dentinal cracks 
or root fracture occur when the tensile stress in the root canal wall 
exceeds the tensile stress of dentin.[1,4] Endodontic Rotary NiTi �les 
having large tapers can cause increased friction and stresses on the 
canal wall and cause dentinal cracks in root dentin.[4] In the last 
decade, there has been increasing number of proprietary systems 
introduced commercially.[4] Increased �exibility and shortened 
working time are the major advantages of NiTi �les.[5,6] ]. From 
2007, manufacturers began to focus on utilizing heating and 
cooling methods to reduce cyclic fatigue and improve safety when 
rotary NiTi instruments work in more curved canals,[7] i.e. WaveOne. 
Another advancement in canal preparation procedures that utilizes 
reciprocation which may be repetitive up and down or back and 
forth motion was of the fourth generation.[8] The �fth generation of 
�les has been designed such that the center of mass and/or the 
center of rotation are offset,[8] Commercial examples of �le brands 
that offer variations of this technology are ProTaper Next. ProTaper 
Next (Dentsply Maillefer) is a set of rotary instruments that are 
designed with variable tapers and an off-centered rectangular 
cross-section which is made from M-wire technology.[9] therefore 
this study was designed to compare effect of these �le systems on 
dentinal crack formation.

Materials and method:
A total of 75 extracted human mandibular premolars with mature 
apices and straight root canals (<5°) were selected and kept in 
distilled water. The root sur faces were examined under 
stereomicroscope to exclude external defects and cracks. Then, the 
teeth were decoronated to obtain a standardized root length of 16 
mm.  A single layer of aluminum foil was used to cover the roots of 
the teeth, and each root was embedded into acrylic resin set in an 
acrylic tube. Root was removed, from tube, and the aluminum foil 
was removed from the root. A light-body silicon-based material was 
used to replace space created by aluminum foil and simulate 
periodontal ligament, and the root was immediately inserted into 
impression material. Seventy-�ve teeth were divided into three 
groups of 25 teeth each. Canal length was measured and glide path 
preparation was done by 15k-type �les. Apical preparation was 
completed with size 25 instrument of each system. 1% sodium 
hypochlor i te  solut ion was used as  an i r r igant  dur ing 
instrumentation.

Group 1:
NiTi hand K-�les were used to enlarge the root canals up to size 25K 

using the balanced force technique. Files were inserted by a 
quarter-turn clockwise rotation of 90° with no apical pressure and 
cutting was accomplished by counter-clockwise rotation of 120° 
applying sufficient apical pressure. Then, working length was 
incrementally reduced by 1 mm beginning from #30 to #60 K-�le.

Group Following the sequence of ProTaper Next (Dentsply Maillefer, 
Ballaigues, Switzerland) �les were used to prepare the canals as 
recommended by the manufacturer. The shaping �le XA was used 
for coronal enlargement up to two-third of the working length, then 
X1 and X2 �les were used at 300 rpm and 2Ncm torque till working 
length. Here, X2 correspond to apical size 25 and 6% apical taper. 

Group 3
Reciprocating WaveOne (Dentsply Maillefer,  Ballaigues, 
Switzerland) size 0.08/25 �le was used in a reciprocating, slow in and 
out pecking motion with a 6:1 contra-angle handpiece powered by 
a torque-limited electric motor (WaveOne™ motor, Dentsply 
Maillefer, Ballaigues, Switzerland) at 350 rpm as recommended by 
manufacturer. 

Sectioning and microscopic observations
All roots were cut horizontally at three levels (3, 6, and 9 mm) from 
the apex with diamond disc under constant water cooling. Sections 
were then viewed under stereomicroscope (Olympus, Tokyo, Japan) 
at 20X magni�cation. The root cracks were divided into two 
categories [Table 1].

Statistical analysis
The results were expressed as the number and percentage of cracks 
in each group. The data was analyzed with a Chi-square test.
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Table 1: Categories used to evaluate the crack type

Type of crack De�nition
No defect Root dentin devoid of any craze lines or cracks 

where both the external surface of the root and 
the internal root canal wall will not have any 
evident defects

Defect A craze line, a line extending from the outer 
surface into the dentin but will not reach the canal 
lumen A partial crack, a line extending from the 
canal walls into the dentin without reaching the 
outer surface. A fracture, a line extending from the 
root canal space all the way to the outer surface of 
the root
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RESULTS
No crack formation was observed in NiTi hand instrument group. 
Cracks were found in roots instrumented with ProTaper Next, and 
WaveOne [Table 2]. Among the specimens depicting cracks, 
ProTaper �les showed the highest number of cracks at all three 
levels and WaveOne showed least number of cracks at all three 
levels . Among the cracked specimens, the results representing the 
number of cracks in roots instrumented with ProTaper Next, and 
WaveOne were statistically insigni�cant (P = 0.99) as compared to 
hand �les.

DISCUSSION
Endodontic root canal preparation is one of the principal steps in 
achieving endodontic success. Inadvertent instrumentation during 
canal preparation and retreatment cases may end up with the 
complications such as perforations, canal transportation, ledge, zip 
formation, and separation of Instruments. [10, 11, 12] During 
preparation, the contact between the instrument and canal walls 
creates momentary stress concentrations in dentin which may lead 
to dentinal defects wherein vertical root fracture can initiate. 
Microcracks formation may be related to instrument features such 
as tip design, cross-sectional geometry, taper, pitch design, and 
�ute form.[10] In this study, all teeth were inspected for pre-existing 
cracks or fracture. However, ruling out cracks before the start of the 
experiment is difficult because some of these cracks could be 
internal and may not be visible externally. In the current study, hand 
NiTi showed no microcracks formations. The �ndings were similar to 
Bier et al.[13] �ndings. Hand instrumentation did not cause damage 
to the root dentin due to its less aggressive movements in the canal 
compared with engine operated �les. According to the �ndings of 
this study, WaveOne �le created lesser cracks as compared to 
protaper next rotary �les system. Reciprocation is based on the 
fundamental of balanced force technique by Roane et al.[14] which 
probably minimizes torsional and �exural stresses. Moreover, 
WaveOne instrument is manufactured with M-wire, which is a more 
�exible variant of the NiTi alloy. Kansal et al.[15] conducted a similar 
study and found that when ProTaper  and WaveOne �les were used 
in reciprocating motion, it induced lesser dentinal damage as 
compared to ProTaper  �le used in rotary motion. Higher incidence 
of crack formation was seen with ProTaper next �le system. The 
design of �le may affect shaping forces on root dentin; these forces 
may cause root fracture.[16,17] ProTaper Next has a rectangular 
cross-section design, increased and decreased tapering over entire 
length. The standardization of speed and torque settings for 
different �le systems could be a limitation of the present study. 
Furthermore, it was difficult to standardize the downward force 
used during each instrumentation. Also, teeth with straight root 
canals without anatomical complexities were mounted on resin 
blocks, which might not always reproduce a true clinical 
presentation. A drawback of using resin blocks is heat generation 
and softening of the resin material[18] One of the limitations of this 
study was application of elastomeric material to simulate the 
periodontal ligament. 

CONCLUSION 
Within the limitations of this study, we can conclude that different 
NiTi instruments tend to produce varying degrees of dentinal 
damage during root canal preparation. Various factors cause 
dentinal cracks, but the �exibility of �le due to heat treatment, 
kinematics of the �le and the basic architecture of the �le are the 
most signi�cant ones. Hand instrumentation and �le represented 
satisfactory results with no microcracks defects.
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Table 2: number of dentinal defects at various levels of roots
Root level Group 1

(NiTi hand �les)
Group 2
(protaper next)

Group 3
(wave one)

3mm 0(0%) 4(15%) 2(7.5%)
6mm 0(0%) 4(15%) 2(7.5%)
9mm 0(0%) 8(30%) 6(7.5%)
total 0(0%) 16(60%) 10(40%)
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