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INTRODUCTION 

During endodontic treatment, shaping of the root 
canals is mandatory to allow for proper disinfection(1).  
Dentin removal results in weakening of the root 
structure in addition to the stresses generated during 
cutting of the dentin structure using endodontic  
files (2–4).  

Capar et al (5) and Liu et al (6) have previously 
demonstrated the development of dentinal cracks 

and defects following rotary instrumentation of root 
canals.   

In spite of the great advancement in endodontic 
files in terms of alloys, design, manufacturing 
methods, heat treatment and kinematics (7,8),  dentinal 
defects and cracks develop indicating root surface 
strain build up during instrumentation.  

Dentinal defects and cracks will eventually result 
in root fractures (2).  Root fractures will in turn result 
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in extraction of the affected teeth.  It was previously 
noted that about 10.9-31% of the root canal treated 
teeth are extracted due to vertical root fractures (9–12).

WaveOne Gold (WOG) files are the updated 
version of WaveOne files (Dentsply Tulsa Dental; 
Tulsa, OK, USA). They possess different geometry, 
dimensions and cross-sectional design. They are still 
used in a reciprocating motion similar to WaveOne 
files, but they show a parallelogram cross-section 
with two cutting edges and an off-center design(13).  
Gold heat-treatment is done through heating 
followed by slowly cooling of the produced file, 
unlike M-Wire technology which is done before 
production (14).

AF Blue R3 Reciprocating One-File System 
(FBR) (Fanta; ShangHai, China) is manufactured 
from AF-R wire which improves flexibility according 
to the manufacturer (15).  It shows a rectangular cross 
section and operates in a reciprocating motion 
(CCW 150, CW 30).  

Development of root surface strain (RSS) and 
resultant cracks during root canal shaping has 
not been studied in detail.  Therefore, the aim 
of this study was to compare the RSS and cracks 
developed during root canal shaping using these 
two reciprocating files.  

MATERIALS AND METHODS:

Sample selection

The current study was approved from the Research 
Ethics Committee of Ain Shams University (Cairo, 
Egypt), (approval number 08062019).  Thirty 
mesial roots of human mandibular first molars 
were used in this study. Teeth were examined using 
dental operating microscope (Zumax, Suzhou New 
District, China) to exclude roots with open apices, 
resorptive defects, caries, calcifications and cracks.  
Teeth with an initial apical diameter greater than 
a size #25 K-file were excluded.  CBCT images 
of teeth were obtained to include only the roots 
showing two separate root canals (Vertucci type IV).

Sample Preparation

Decoronation was done for all teeth standardizing 
root length to 12 mm and patency was checked 
using a #10 manual K-file (Mani INC, Tochigi, 
Japan).  The working length was set 0.5 mm short to 
the apical foramen.  

Roots were coated with a double layer of 
aluminum foil.  Acrylic tubes 12 mm in height and 20 
mm in diameter were filled with auto-polymerizing 
resin.  Roots with aluminum coating were covered by 
a separating medium and were embedded centrally 
in the acrylic tubes.  Following setting of the resin, 
roots were removed.  The apical 4 mm of the acrylic 
were cut exposing the mesial surface of the root to 
allow for fixation of the strain gauge.  Acrylic tubes 
were filled with vinyl polysiloxane and then roots 
were re-embedded in it before setting of the rubber.  

Sample Classification

Roots were randomly divided into three equal 
groups (n=10).  For group A, the mesiobuccal ca-
nals were prepared using FBR 0.06/25 and the me-
siolingual canal was prepared using WOG primary 
0.07/25.  Group A was used for evaluation of RSS.  
For group B, mesiobuccal canals were prepared us-
ing WOG and for group C, mesiobuccal canals ca-
nals were prepared using FBR.  Groups B and C 
were used for evaluation of crack development.   

RSS Measurement 

An electrical strain gauge (KFG02-120-C1-16, 
Kyowa Dengyo, Tokyo, Japan) was fixed on the 
mesial surface of the root midway between the buccal 
and lingual canals using cyanoacrylate.  The strain 
gauge was then connected to a strain amplifier to 
measure root surface strain during instrumentation.  
Following stabilization of the strain output, RSS 
was recorded and root canal shaping was initiated.  
Instantaneous and maximum strains were recorded.  
Total time required to reach the working length was 
recorded by a digital stopwatch (Timex, Middlebury, 
CT, USA) in seconds.
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Root Canal Shaping

Both files were operated according to manufac-
turer’s instructions using a 6:1 reduction hand-piece 
(Reciproc silver, VDW, Germany).  “WaveOne All” 
program was used for the WOG primary files.  CCW 
150 and CW 30 were used for FBR.  Irrigation was 
performed during instrumentation using 5 mL of sa-
line (El Nasr Pharmaceutical Chemicals Co., Cairo, 
Egypt) for each root. 

Stereomicroscopic evaluation for crack development

Roots were cut transversely at 3, 6 and 9 mm 
from the apex and imaged using stereomicroscope 
to evaluate for crack development.  

Statistical Analysis

Statistical analysis was performed using 
statistical package for social sciences (IBM SPSS 
Statistics for Windows, Version 25.0. Armonk, NY).  
Significance was analyzed by one-way ANOVA for 
RSS and preparation time and Chi-squared test for 
crack development.  Data were expressed by mean 
and standard deviation and P<0.05 was considered 
as statistically significant.

RESULTS

WOG has developed RSS of (84.16±52.57) 
and cracks (2/10) while FBR has developed RSS 
of (128.33±128.55) and cracks (5/10) as shown 
in figure 1.  No statistically significant difference 
was noted between both files.  Preparation time of 
WOG was (55.28±26.24) which was statistically 
significantly less than that of FBR (109±57.3) as 
shown in table 1.  

Fig. (1) Stereomicroscopic photograph showing crack 
developed in group C prepared using FBR (red arrows) 

TABLE (1) Mean and standard deviation of maximum RSS and preparation time of WOG and FBR in 
addition to the presence of cracks.

Maximum RSS (microstrain) Presence of cracks Preparation time (seconds)

WOG 84.16±52.57 2/10 55.28±26.24

FBR 128.33±128.55 5/10 109±57.3

Statistical test One-way ANOVA Chi-squared test One-way ANOVA

P-value 0.454062 0.159599 0.043628
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DISCUSSION

As it is not applicable till now to measure the 
magnitude and direction of internal strain on the 
dentin walls, RSS was measured where it is a 
considered as a reflection of the internal strain.  

Human mandibular first molars showing two 
separate root canals (Vertucci type IV) were used 
in order to standardize experimental conditions, 
comparing RSS within the same root dentin.  The 
two tested NiTi systems prepared two separate root 
canals within the same root (group A).  This has 
excluded differences between mechanical properties 
of dentin from different teeth used in earlier studies 
(16,17). Although root dentin, speed, torque, motion 
were standardized, vertical load during mechanical 
preparation could not be standardized due to 
inconsistency in the pressure applied by operator.  
Different specimens were used for the evaluation of 
crack development (group B for WOG and group C 
for FBR).

Decoronation was done for all teeth to ensure a 
straight line access during root canal preparation.  
Sodium hypochlorite was not used as an irrigant 
in the current study as it negatively affects the 
mechanical properties and specifically the elastic 
behavior of dentin (18).  Acrylic tubes were filled with 
vinyl polysiloxane in order to mimic the physiologic 
movement of periodontal membrane space during 
root canal preparation.  

The viscoelastic property of dentin allows for 
deformation under stress followed by recovery 
which creates strain during mechanical preparation 
of root canals (16).  Results of the current study have 
shown that the two tested NiTi systems have induced 
RSS after mechanical preparation of the root canal 
system without a statistically significant difference 
between them.  This insignificant difference could 
be simply explained on basis of instrument design.  
WOG files have greater taper than the FBR, 0.07/25 
compared to 0.06/25.  This greater taper results in 
smaller area of contact between the file and the dentin 
wall which in turn will result in less stresses and 

RSS.  Another explanation is the shorter preparation 
time of WOG compared to FBR which results in 
less stresses as well.  In addition to the greater taper 
and preparation time, the manufacturing alloy might 
also be another cause as stated earlier by Abou El 
Nasr & Abd El Kader (19). 

Our results could not be directly compared 
to earlier studies as none could be found in the 
literature evaluating WOG or FBR.  Jamleh et al 
(16) compared the RSS induced from Protaper and 
WaveOne files and found no statistically significant 
difference between both files as well (416.6±185.1 
and 398.2±163.8 microstrain respectively).  Our 
results showed much lower microstrain values.  This 
is attributed to the instrumentation motion used, 
reciprocation compared to continuous rotation.  
Reciprocation motion results in much less stresses 
and RSS due to the dis-engagement between the 
file and dentin allowing for relief of stresses.   
Liu and Wu (17) also confirmed this in their study 
comparing RSS induced from TF adaptive (adaptive 
reciprocating motion), WaveOne and Protaper Next 
(continuous rotation) where TF adaptive showed 
significantly less RSS than the other two files used 
in continuous rotation motion.  

Strained dentin might cause root fractures as 
stated earlier by Lertickrikaren et al (20).  Forcing 
a finger spreader inside the root canal caused 
root fracture at 400 microstrain.  Saw and Messer 
(21) reported fracture of maxillary incisors at 200 
microstrain.  These values are much higher than our 
results which explain why no root fractures have 
occurred in our study.  Yet cracks have developed 
following root canal shaping.

WOG has shown less cracks development than 
FBR.  Although non-statistically significant, this is 
attributed to the less RSS induced by WOG and less 
preparation time needed. 

In agreement with our results, several studies 
have also shown crack development more in the 
buccolingual dimension (20,22).  Although the widest 
root dimension is the buccolingual one, all the cracks 
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developed in the buccolingual direction (figure 1) (23).  
Kim et al has shown that stresses were concentrated 
on the buccal and lingual surfaces of the canal wall 
using a finite element analysis(24).  Therefore, cracks 
are more likely to develop buccolingually (23,25). 

Microorganisms can grow in crack lines causing 
root canal treatment failure (26). Crack propagation 
is believed to be the cause of root factures (2,27).  
Therefore, the etiology of crack development should 
be better studied (2,3,28).

In conclusion, both files have developed RSS 
and cracks during root canal shaping without root 
fractures.  WOG was able to shape the root canals 
faster than FBR.  Detailed study of cracks etiology 
and its relation to RSS is deemed of value.
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