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Article History: Abstract: Background: This study was conducted to compare the 

rotary files during root canal preparation.Material and methods: A 

total of one hundred mandibular premolars that were newly extracted 

were categorized into five groups, each containing twenty teeth, for the 

purpose of biomechanical preparation. Group I included untreated 

teeth, while Group II employed manual files. Group III utilized 

ProTaper rotary instruments, Group IV incorporated K3 rotary 

instruments, and Group V made use of Easy RaCe rotary instruments. 

Subsequently, the roots were horizontally sectioned at 3, 6, and 9 mm 

from the apex for microscopic examination. Flaws were identified in 

the dentin. The analysis of the groups was conducted using a chi-

square test.Results: A statistically significant difference was observed 

between the groups (P = 0.006). Group I exhibited no defective roots. 

The rotary groups, including the Hand K-file, ProTaper, K3 

SybronEndo, and Easy RaCe, all displayed imperfections in the dentin. 

Nevertheless, the variations among the different rotary systems 

evaluated in this study were not statistically significant. Furthermore, 

the occurrence of dentinal defects did not show a significant difference 

among the groups.Conclusion: When compared to hand 

instrumentation, there may be a higher risk of dentinal abnormalities 

when using rotational tools. 
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INTRODUCTION 
 

The ultimate goal of endodontics is to achieve a 

flawless three-dimensional seal of the root canal 

system, which is realized through the meticulous 

design of the canal's diameter and shape.1 One of the 

critical phases in this process is biomechanical 

preparation, which plays a significant role in 

eliminating bacteria and debris from the root canal, 

thereby facilitating successful endodontic treatment.2,3 

However, during the instrumentation of the root 

canal, various complications may arise, including 

perforations, ledge formation, canal transportation, 

and the development of cracks in the root dentin.4,5  

 

In the pursuit of effective biomechanical preparation, 

there are instances where we inadvertently 

compromise the integrity of the root dentin, leading to 

the emergence of dentinal cracks and subtle fractures, 

ultimately resulting in treatment failure.6 

 

Due to the presence of craze lines or microcracks, root 

fractures may occur, which can propagate as a result 

of the repeated application of stress from occlusal 

forces. Various procedures, including biomechanical 

preparation, obturation, and retreatment, can lead to 

varying degrees of dentinal damage.7 

 

Consequently, this study was undertaken to evaluate 

the comparison of different rotary files and the 

associated dentinal damage observed during root 

canal treatment as seen through a stereomicroscope. 

 

Material and methods 

A total of one hundred mandibular premolars, 

recently extracted, were selected, cleaned using a 

periodontal scaler, and subsequently stored in pure 

filtered water until further analysis. Following the 

application of a diamond disk to excise the coronal 

portions of each tooth, the measured remaining root 

length was found to be sixteen millimeters. To 

eliminate the potential for cracks on any of the root 

surfaces, a stereomicroscope with a magnification of 

12 was employed. 

Group I: Left unprepared and served as Group 1. 

Group II: Prepared using stainless steel K-files up to 

apical size 25 at the working length and step-back 

technique was used till file no. 60. 

The canal's patency was assessed in each of the 

subsequent three groups utilizing a #10 K-file. 

Subsequently, a K-file with a width of fifteen 

millimeters was introduced into the canal until it 

became visible through the apical foramen. By 

subtracting one millimeter from this measurement, we 

were able to determine the working length. 

 

Group III: Prepared using ProTaper rotary system 

sequentially at the speed of 300 rpm using a crown-

down technique. Canal preparation was finished with 

F2 (25/.08) till working length. 

 

Group IV: K3 rotary system sequentially at the speed 

of 300 rpm using a crown-down technique. Canal 

preparation was done with file 25/.06 till working 

length. 

 

Group V: Easy RaCe rotary system sequentially at the 

speed of 300 rpm. Canal preparation was done with 

file 25/.06 till working length. 

In the canal preparation process, each canal was 

irrigated with three percent sodium hypochlorite 

between the use of each instrument. This procedure 

was consistently applied across all groups. Dolo 

Endogel, which comprises seventeen percent EDTA 

and ten percent carbamide peroxide, was employed 

between each successive instrument in the groups that 

utilized a rotating system for preparation. 

Furthermore, in all groups, the EndoActivator 

equipped with a no. 25 tip was operated for thirty 

seconds to vigorously agitate the solution, ensuring 

thorough cleaning of the canals. Throughout the 

experimental procedures, all roots were maintained in 

a damp state using filtered and purified water. 

 

The analysis of the collected data was conducted using 

the statistical software SPSS 17.0. To assess whether 

there was a statistically significant difference among 

the experimental groups concerning the presence of 

defective roots, a Chi-square test was performed. 
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Additionally, a chi-square test was executed to 

ascertain the number of defects present in each group 

at various horizontal sections. The criterion for 

statistical significance was set at P less than 0.05. 

 

 

Results 
Table 1: Comparison of number and percentage of teeth showing defects 

Defect  Control 

group 

Hand K-

file 

ProTaper- 

rotary 

K3- rotary Easy RaCe 

rotary 

Total  

Absent  05 06 11 21 41 84 

Present  00 02 07 03 04 16 

Total  05 08 18 24 45 100 

It was concluded that a statistically significant difference existed between the groups (P = 0.006). In Group I, no 

abnormal roots were identified. The investigation revealed that the Hand K-file, ProTaper, K3 SybronEndo, and 

Easy RaCe rotary groups exhibited dentinal imperfections. Nevertheless, the differences observed were not 

statistically significant for all rotary systems examined in this study. The results suggested that while there were 

variations in the occurrence of dentinal abnormalities, these variations did not reach statistical significance.

 

DISCUSSION  
 

The main objective of chemomechanical root canal 

preparation is to maintain the original pathway of the 

canal while thoroughly cleaning the entire root canal 

system. A frequent complication linked to mechanical 

canal preparation is vertical root fracture (VRF), 

which often results in the loss of the tooth.8 Various 

NiTi instruments with distinct designs have been 

developed, yet all tend to cause incomplete cracks or 

even VRF.  

 

Therefore, it is crucial to prevent such defects. Bier et 

al.9 indicated that craze lines appeared in 4% to 16% 

of cases, which could progress to fractures during 

retreatment or after prolonged functional stresses, 

such as those from chewing. This evidence suggests 

that root canal preparation using NiTi rotary systems, 

along with any subsequent procedures in endodontics, 

such as obturation and retreatment with rotary 

systems, can lead to the formation of fractures or craze 

lines.  

 

According to our research, the occurrence of cracks in 

root dentin was higher following instrumentation with 

OneShape compared to HEDM and ProTaper Next. 

Liu et al. also reported similar findings, noting cracks 

in 35% of roots treated with OneShape. 

The configuration of the file can influence the shaping 

forces exerted on root dentin; such forces have the 

potential to induce root fractures. ProTaper Next 

features a rectangular cross-section design with 

variations in tapering throughout its length. The off-

centered rectangular design of ProTaper Next may 

have resulted in a lower incidence of cracks compared 

to OneShape.10 

 

This particular design produces a swaggering motion, 

which mitigates the screw effect, reduces the risk of 

taper lock, and lessens the torque applied to the file. 

In contrast, OneShape possesses an asymmetrical 

cross-section along its entire length and features a 

variable pitch, along with a noncutting safety tip.11 

In this specific study, a statistically significant  

 

 

 

difference was observed between the groups (P = 

0.007). In Group I, no abnormal roots were identified. 

It was found that the Hand K-file, ProTaper, K3 

SybronEndo, and Easy RaCe rotary groups exhibited 

dentinal imperfections. Nevertheless, the differences 

among all the rotary systems examined in this 

research were not statistically significant. The results 

suggested that while there were variations in the 

occurrence of dentinal abnormalities, these variations 

did not reach statistical significance. 

  

Wilcox et al12 claimed that the amount of tooth 

structure removed was associated with vertical root 

fractures. A previous study reported that the ProTaper 

Next X2 instrument removed similar amounts of 

dentin compared with other instruments with larger 

taper sizes. The design features of the ProTaper Next 

might be related with the greater crack formation at 

the 3- and 9-mm levels than with the K3XF and 

RECIPROC.  

 

Furthermore, Bier et al9 stated that the instrument 

taper affected the incidence of microcracks in root 

dentine. In this study, the apical preparation size was 

standardized to the size of #25 instrument. 

Nevertheless, for the final apical taper there were two 

different sets: 0.06 for K3XF and ProTaper Next and 

0.08 for RECIPROC and TF Adaptive system. The 

larger apical taper in the TF Adaptive group may have 

contributed to the greater crack formation at the 3-mm 

level. 

 

Abou El Nasr13 and Abd El Kader13 stated that the 

alloy of the instrument affects the number and 

percentage of dentinal cracks. Root canal instruments 

with greater flexibility were associated with fewer 

microcracks in the root structure. The total frequency 
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(percentage) of microcracks in the groups was 3 (3%) 

for K3XF, 13 (14%) for ProTaper Next, 3 (3%) for 

RECIPROC, and 16 (17%) for TF Adaptive. In the 

present study, the results revealed a significant 

difference in the incidence of microcracks among the 

experimental groups at the 3- and 9-mm levels. Hence, 

the null hypothesis is rejected. 

 

CONCLUSION  
 

Although Ni-Ti rotary instruments offer numerous 

benefits compared to hand tools, the process of 

preparing root canals may lead to varying levels of 

dentinal damage, contingent upon the intensity of the 

device's application. Increased taper, higher rotational 

speeds, and aggressive cutting techniques can elevate 

the stresses exerted on the dentin wall, potentially 

contributing to this issue. Such factors may lead to the 

emergence of dentinal irregularities. The results of this 

study indicate that the ProTaper rotary system inflicts 

greater harm on the dentin than alternative rotary 

systems such as K3 and Easy RaCe. 

 

BIBLIOGRAPHY 
 

1. Buehler WH, Gilfrich JV, et al. Effect of low 

temperature phase changes on the mechanical 

properties of alloys near composition TiNi. J 

Appl Phys. 1963;34(1):1475–1477.  

2. Serene TP, Adams JD, et al. Nickel-Titanium 

Instruments: Applications in Endodontics. St. 

Louis Missouri, USA: Ishiyaku Euroamerica. 

Inc.; 1995. pp. 110–112.  

3. Grossman L. Endodontics 1776–1976: A 

bicemental history against the background of 

general dentistry. J Am Dent Assoc. 1976;93:78–

87.  

4. Barr ES, Kleier DJ, et al. Use of nickel-titanium 

rotary files for root canal preparation in primary 

teeth. Pediatr Dent. 2000;22(1):77–78.  

5. Madan N, Rathnam A, et al. K-file vs ProFiles in 

cleaning capacity and instrumentation time in 

primary molar root canals: an in vitro study. J Ind 

Soc Pedod Prev Dent. 2011;29(1):2–6.  

6. Crespo S, Cortes O, et al. Comparison between 

rotary and manual instrumentation in primary 

teeth. Int J Clin Pediatr Dent. 2008;32(4):295–

298.  

7. Selvakumar H, Kavitha S, et al. Computed 

tomographic evaluation of K3 rotary and stainless 

steel K file instrumentation in primary teeth. J 

Clin Diagn Res. 2016;10(1):ZC05–ZC08.  

8. Nuvvula S, Bhumireddy JR, et al. Diagnostic 

accuracy of direct digital radiography and 

conventional radiography for proximal caries 

detection in primary teeth: a systematic review. J 

Ind Soc Pedod Prev Dent. 2016;34(4):300–305.  

9. Bier CA, Shemesh H, Tanomaru-Filho M, 

Wesselink PR, Wu MK. The ability of different 

nickel-titanium rotary instruments to induce 

dentinal damage during canal preparation. J 

Endod. 2009;35:236–8.  

10. Bader JD, Shugars DA, et al. A systematic review 

of the performance of methods for identifying 

carious lesions. J Public Health Dent. 

2002;62(4):201–213.  

11. Ingle JI, Himal V, et al. Endodontics, 5th ed., 

Hamilton London: BC Decker; 2002. pp. 889–

891. 

12. Wilcox LR, Roskelley C, Sutton T. The 

relationship of root canal enlargement to finger-

spreader induced vertical root fracture. J Endod. 

1997;23:533–4. 

13. Abou El Nasr HM, Abd El Kader KG. Dentinal 

damage and fracture resistance of oval roots 

prepared with single-file systems using different 

kinematics. J Endod. 2014;40:849–51.  

 
 


