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ABSTRACT 
Aim: The purpose of this study is to compare the microcracks formation between reciprocating single 
file system WaveOne Gold, rotational multi file system Protaper Gold and manual file. Material and 
Methods: Forty eight lower central incisors with single straight canals were selected to observe 
microcracks formation after instrumentation using manual file, WaveOne Gold and Protaper Gold. 
Samples were divided into three groups (n=16) according to the instrument used for preparation. The 
roots were then sectioned horizontally at 3, 6 and 9 mm distance from the apex with a low speed 
diamond saw. All specimens were coded for identification under the environmental scanning electron 
microscope at 80x for each group. The presence of dentinal defects (complete/incomplete cracks and 
craze lines) were noted and analyzed by using the Chi-square test. Results: All types of instrumentation 
produced a significant amount of craze lines in the three levels of the canal. No complete or incomplete 
cracks were found in any of the manual group specimens, however no statically significant differences 
were found between the Protaper Gold and WaveOne Gold in term of incomplete and complete crack, 
although Protaper Gold produced a higher number of incomplete and complete cracks in a higher 
number of specimens. Conclusion: Regardless of the limitations of this study. Root canal preparation 
with both rotary and reciprocating file systems resulted in dentinal defects, however there was no 
significant difference between the two groups. 
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Introduction 

Root canal treatment is based on cleaning, shaping and sealing the root canal system. Its main 
objective is to eliminate the microorganisms from the root canals and the prevention of recontamination 
after filling (Siqueira, 2003). 

After root canal preparation with an automated driven instrument, dentinal microcracks may 
develop in the root canal dentin. These microcracks may affect the endodontic treatment outcome in 
which small microcracks can serve as a harbor for microorganisms to recollect and develop an intra-
canal recontamination (Al-Zaka, 2012). 

  Also these microcracks could propagate under masticatory load or post insertion treatment and 
converted to complete crack leading to vertical root fracture. Vertical root fracture is one of the most 
complication related to root canal treatment (Fuss et al, 1999). 

There is a great tendency among clinicians to use single file systems because they reduce the time 
of the preparation. Furthermore, reciprocation extends the life span of the nickel titanium (NiTi) file, 
improves their resistance to cyclic fatigue and doesn’t reduce their cutting efficiency (Bürklein et al, 
2019). 

WaveOne Gold is a new reciprocating single file NiTi file system introduced as a modified 
version of WaveOne and developed with proprietary advanced metallurgy through heat treatment called 
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Gold-wire. WaveOne Gold has a significant gold color, and modified offset parallelogram cross 
sectional design (Özyürek, 2016). 

Protaper Gold is a new rotary NiTi file system introduced as a modified version of the famous 
Protaper Universal and developed with proprietary advanced metallurgy through the heat treatment. 
Protaper Gold has all the features as the well-known Protaper Universal including the convex triangular 
cross section design, progressive taper and non-cutting tip (Elnaghy and Elsaka, 2016). 

Thus, the aim of the present study was to compare between WaveOne Gold reciprocating single 
file system and Protaper Gold multi file rotational system. 
 
Materials and Methods 
 
Sample selection:  

Forty eight extracted human mandibular central incisors with mature apices were collected, and 
cleaned from calculus and debris. They were placed in full concentration NaOCl for one hour to remove 
soft debris and then stored in sterile saline to avoid dehydration. Buccal and proximal radiographs were 
taken for each tooth to confirm single root anatomy. 

Access cavities were prepared in all teeth using diamond burs. Root canals were checked for 
patency. The working length was determined by passing k-file size # 10 through the apical foramen 
once and withdraw it 1 mm. To ensure that all teeth have the same tooth length, the incisal edge of all 
teeth were flattened using tapered stone with round end. Working length was then adjusted to 19 mm 
in all canals to eliminate confounders which might affect the results. 

The 48 incisors teeth were randomly divided into three groups according to the instrument used 
in preparation as follows: 
Group 1: Manual file used with stepback technique (n=16). 
Group 2: WaveOne Gold used (n=16). 
Group 3: Protaper Gold used (n=16). 
 
Mechanical Preparations: 

Sodium hypochlorite was used as an irrigant in the three groups. In each sample, a total of 3 ml 
of sodium hypochlorite was used between files in manual file and Protaper Gold group, and between 
the pecking sequences in WaveOne Gold group. A 30-G side vented irrigation needle was placed in the 
canal without resistance but not deeper than the predetermined working length minus 1 mm. 

 
Manual file: 

Teeth were prepared using manual stainless steel k file using step back technique, starting by 
inserting file # 10 to the full working length followed by file # 15, 20 and then finally file # 25. 

 
WaveOne Gold: 

Teeth were prepared with WaveOne Gold primary instrument (25/.07) using the X-Smart Plus 
(Dentsply Maillefer) motor that was adjusted for reciprocating motion according to the manufacturer's 
instructions. The instrument was used in an in and out motion until the working length was achieved. 

 
Protaper Gold:  

Teeth were prepared using Protaper Gold according to the manufacture instructions. S1 was 
introduced into the canal until the depth of the working length was reached then S2 was used exactly as 
for the S1. Then, S2, F1 and F2 were used in a non-brushing action until working length is reached. 
 
SEM Evaluation:  

All teeth were decoronated at the cemento enamel junction.  Digital caliper was used to measure 
the root at the level that will be cut. The roots were then sectioned horizontally at 3, 6 and 9 mm distance 
from the apex with a low speed diamond saw Isomet 1000 under water coolant (Ahmed and Saayman, 
2018). 

All specimens were then coded for identification. The specimens then were prepared to examine 
under the scanning electron microscope. The samples were mounted on metallic and examined for 
microcracks presence under environmental scanning electron microscope 
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Digital image of each section were captured at 80x magnification using environmental scanning 
electron microscope (Li et al, 2015). 

The evaluation of dentinal defect was applied in a method previously described by Burklein et 
al. (2013).  

 

- No defect: is root dentin without any lines or cracks on the external or the internal surface of the root, 
-  Incomplete crack: is a line extending from the canal wall into the dentin without reaching the outer 
surface, 
-  Complete crack: is a line extending from the root canal wall to the outer surface of the root. 
-  Craze line: are all other lines that did not reach any surfaces of the root or extended from the outer 
surface into the dentin but did not reach the canal wall. 

The result was expressed with the percentage and number of cracked root in each group. 
 

Statistical Analysis 
Results were expressed as the number and percentage of each type of defect in each group. A 

chi-square test was performed to compare the appearance of each defect present in the roots between 
the experimental groups by using the IBM® SPSS ® statistics version 21 for windows (SPSS Inc., 
Chicago IL). The level of significance was at 0.05. 
 
Results 
 
A- Manual File: 

 Regarding the manual files group, it did not show any types of complete cracks or incomplete 
crack in any of the 24 specimens. Although there were 26 craze lines presented in 22 specimens out of 
24 manual k file specimens. Table (1), Figure (1). 

 
Table 1: Number of Incomplete crack/ percentage of specimens with incomplete crack 

  3 mm 6 mm 9 mm Total 

Manual F File 0/0% 0/0% 0/0% 0/0% 

Protaper Gold 12/100% 11/87.5% 6/75% 29/87.5 

WaveOne Gold 8/75% 6/75% 2/25% 16/58% 

P value 0.450 1.0 0.134 0.051 

 

  
Fig. 1: Cross section of manual file group with only craze line at a level of 
           a)  6mm        b) 3mm 
 
B-  Protaper Gold: 

Regarding the Protaper Gold group, the total number of incomplete cracks presented was 29 
incomplete cracks presented in 21 specimens out of 24 specimens. Twelve incomplete cracks presented 
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in the all eight specimens at the 3mm level, 11 cracks presented in seven specimens at the 6mm level, 
while only 6 cracks presented in six specimens at the 9mm level.    

Only two complete cracks were found in two different specimens in the Protaper Gold group. 
One crack at the 3mm level and the other complete crack was found at the 6mm level. 

The total number of craze lines was 38 craze lines presented in 23 specimens out of 24 specimens. 
Protaper Gold group showed only one specimen without any type of defect and it was recorded 

in the 9mm level. Table (1), Figure (2). 
 

  

 
Fig. 2: Cross section of Protaper Gold at a level of  

a)  9mm with incomplete microcrack     b) 3mm with incomplete microcrack    c) 6mm with 
complete microcrack 

 
C- WaveOne Gold  

Regarding the WaveOne Gold group, the total number of incomplete cracks presented was 16 
incomplete cracks presented in 14 specimens out of 24 specimens. Eight incomplete cracks presented 
in 6 specimens at the 3mm level, six cracks presented in 6 specimens at the 6mm level, while only two 
cracks presented in 2 specimens at the 9mm level.   

There were no complete cracks detected in all the WaveOne Gold group at any level. The total 
number of craze lines was 28 craze lines presented in 20 specimens out of 24 specimens. Table (1), 
Figure (3). 
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Fig. 3: Cross section of WaveOne Gold at a level of 

a) 6mm with incomplete microcrack     b) 3mm with incomplete microcrack      c) 3mm with 
craze line 

 
Discussion  

After root canal preparation with an automated driven instrument, dentinal microcracks can 
develop in the root canal dentin. These microcracks may affect the endodontic treatment outcome Many 
previous studies, Kfir et al. (2017); Pedullà et al. (2017); Bahrami et al. (2017); Cassimiro et al. (2018) 
; Taç et al., (2018) did not categorize the type of dentinal defects observed in their experiments, in 
which they did not distinguish the type of crack running from the canal lumen into the outer surface 
direction and the other crack which is running in the opposite direction from the outer surface of the 
root to the canal lumen. Therefore it may not give an accurate date and information. In this study we 
had to separate each type of dentin defect to give a more detailed and accurate result that we could then 
interrelate it with the different test variables. 

All teeth in the three groups were examined before the instrumentation with stereomicroscope to 
exclude any presence of microcracks or fracture on the outer surface of the root, meanwhile some cracks 
might have been internal and not visible to the outer surface. 

The sectioning method used in this study allowed to inspect and evaluate the effect of the root 
canal instrumentation on the root canal wall by direct inspection of the root and was used in many 
previous studies (Akhlaghi et al, 2018; Tsenova et al, 2018; Shantiaee et al, 2019). 

 Scanning electron microscope offer high resolution images and allow the observation of different 
areas of the root slices with different magnifications levels. In the present study environmental scanning 
electron microscopes were used to examine the present microcracks images at magnification of x80. 

The result of the study showed lack of incomplete and complete microcracks formation in the 
manual group and this result in full agreement with many previous studies, Shori et al. (2015); Ustun 
et al. (2015) ; Karataş et al. (2015) in which they did not observe any type of dentin defects in the 
manual instrumentation group. The continuous rotation movement with constant speed and torque was 
completely avoided in the manual group, in which this could be a reason for the absence of dentinal 
microcracks. Also fixed small tapers of manual files could lead to a minimum amount of dentin removed 
from the root canal wall, therefore minimum chances of dentinal defects. 
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Protaper Gold and WaveOne Gold produced significantly higher numbers of microcracks than 
manual group. However In this study, the continuous rotational system which is presented by Protaper 
gold rotary file produced a higher number of incomplete and complete microcracks in the three levels 
in comparison with the reciprocating WaveOne gold system. 

This may be due to the continuous rotation force and the constant torque applied by the file on 
the root canal dentin that may have led to stress concentration and microcracks formation. On the other 
hand the WaveOne Gold by its reciprocating motion produced the minimum amount of microcracks at 
the three levels. This may be due to the concept that reciprocating motion helps in releasing the stress 
before the file progress within the canal leading to the exertion of minimum stress and friction between 
the file and dentin. The current results were in agreement with many previous studied that compared 
between rotational and reciprocating system. Kfir et al. (2017) and Cassimiro et al.(2018) which suggest 
that reciprocating motion was found to be more centered in the canal and the flexural and torsional 
stress acting on the inner surface of denting are minimized to lower level because of the clockwise and 
counterclockwise movement. 

Also  Protaper gold has no radial land which increase deviation of the file from the center of the 
root while rotating which in turn may exert more forces and stress on the dentin leading to microcracks 
formation. During canal preparation, the contact between the file and dentin may create momentary 
stress areas that may lead to microcracks and these microcracks may propagate into complete cracks or 
vertical root fracture after cyclic masticatory forces. This also, could be a reason for the higher number 
of cracks in the Protaper Gold group. 

The present result may be attributed to the design and the cross section of WaveOne Gold file 
which can affect the number of times that the file touches the root canal dentin therefore generates more 
stress on the canal will increasing the possibilities of microcracks formation. 

WaveOne Gold has a parallelogram cross section that permit the file to touch the dentin with only 
2 edges apically and 1 coronally during the 360 rotation, therefore a minimal load is transmitted into 
the dentinal wall. 

The apical section showed the highest number of incomplete cracks in both Protaper Gold and 
WaveOne Gold groups regarding the different kinematics. This finding is in agreement with many 
previous studies (Cassimiro et al, 2018; Garg et al, 2015).  Both file systems have a great file taper in 
the first few millimeter of the tip, which progressively decrease, this design and can preserve the dentin 
in the coronal two third and produce higher number of incomplete microcracks in the apical section 
compared with the middle and coronal thirds. 

Regarding the complete microcracks, only two complete microcracks were seen in this study, 
and they presented in the Protaper Gold Group. It seems that the reason of the fracture was the 
weakening of the tooth structure that may have been done by excessive removal of the dentin   

Craze lines were found in all groups without significant differences. Sectioning method used in 
this study could also be responsible of the craze lines founded in the three groups.   

Regarding the incomplete microcracks it is not yet clear if these microcracks could propagate and 
convert into complete cracks and transform into vertical root fracture or not .Teeth after endodontic 
treatment my undergo further treatment procedure like post preparation and retreatment that may lead 
to extra stresses in these microcracks and convert to complete crack and subsequent fracture. 

 
Conclusion 

Under the condition of this study, root canal preparation with both rotary and reciprocating 
instrument resulted in dentinal defects, yet, there was no significant difference between the two different 
systems.  
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