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Abstract 

      To compare the influence of root canal preparation Tapers on apical sealing ability, using two 
rotary Ni-Ti systems and stainless-steel hand instruments.  
      Forty-five mesial canals (buccal or lingual) of extracted permanent mandibular molars were 
selected and divided into three groups. The root canals were instrumented using stainless steel 
hand instruments, Hero Shaper .04 system, and Revo S .06 system. All canals were obturated with 
the continuous wave compaction technique and thermoplastic Gutta-Percha injection technique. 
      Dye penetration method was used to evaluate apical leakage using stereomicroscope at 20X 
magnification.  Results were subjected to statistical analysis. 
      No statistically significant difference was found among the groups prepared with rotary systems. 
While, significant difference was found between rotary Ni-Ti/ Hand SS groups. 
      Under the conditions of this study, root canal preparation with tapers .04 and .06 showed the 
least apical leakage compared to hand instrumentation. 
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 Introduction 
 

 The essential goal of endodontic therapy 
is to keep the involved teeth healthy and 
functional in the oral cavity. Success rates of 
endodontic treatment is up to 86-98%.1 

This success can be accomplished by the 
biomechanical preparation that aims to achieve a 
continuously tapered canal form while preserving 
the integrity and location of the canal and apical 
anatomy in preparation for an adequate 
obturation and furthermore reduces 
microorganisms in the root canals.2,3 

Brunson et al 4 demonstrated that the 
increase of root canal dimensions leads to an 
increase in the mean volume and efficacy of 
irrigants. And that can be achieved by increasing 
the final apical preparation size and/or its taper.5 
So, Taper is a factor that determines final root 
canal dimensions and successively, the space for 
the cleaning action of irrigants.6 

There is numerous advantages of tapered 
root canal preparations over the apical stop 
preparation6.  

 
These advantages are: 

 
1- enhanced cleaning ability. 7 
2- improved instruments apical control. 8 
3- more reliable apical resistance form (apical 

seat), and greater dependability of cone fit. 9 
4- appropriate for all filling techniques. 10 
 

Many researchers believe that apical 
preparation should be as narrow as possible 
while increasing the instrument's taper (fixed or 
variable) 11. The use of instrumentation large 
taper cuts a larger amount of dentin from the 
canal walls, which produces a cleaner root canal, 
creates a greater space for irrigation, and 
reduces the preparation errors and eases the 
root canal obturation. 6, 12 

This theory appears to be sensible, However, 
it has minimal scientific evidence; it is not yet 
confirmed that using larger tapers leads to 
cleaner root canals. 6 

Therefore, the purpose of the present study 
was to investigate the influence of taper on apical 
leakage, which was assessed by the use of two 
different rotary systems (Revo S, Hero Shaper) 
and stainless-steel hand files.  
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Materials and methods 
 

Forty- five mesial (buccal or lingual) canals of 
extracted first or second lower molars were used 
in this study. Before preparation, all teeth were 
radiographed to ensure: 

1. No previous endodontic treatment. 
2. No root or pulp chamber caries 
3. No absorptions, fractures or cracks. 
4. Moderate curvature angle (10-20°) 
5. Root development is complete. 
6. No calcifications. 
7. Buccal and lingual mesial canals are 

separated from orifice to foramen (Weine 
Type III). 

Tissue fragments and calcified debris were 
removed by scaling, and the teeth were stored in 
10% formalin (CH2O) (AlSa'ad pharma, Aleppo, 
Syria). At the time of the study, the teeth were 
washed with distilled water to remove residual 
formalin. 

After access opening, canal length was 
determined by placing no. 10 files into each canal 
until the file was visible at apical foramen. 
The roots were randomly divided into 3 
experimental groups (n = 15). Root canal 
instrumentation was performed with stainless 
steel hand files, Hero Shaper and Revo S and 
rotary systems (MicroMega, France) placed in 
the hand piece of Root ZXI motor (J-morita USA) 
with programmed torque control and speed 
settings. 

Different protocols were used in a way 
that final root canal taper was 0.02, 0.04, and 
0.06 for groups A, B and C, respectively. The 
instrumentation details were as follows: 

 
Group A: Canal preparation was 

performed using stainless steel k-files taper 2%. 
Instrumentation begins with no. 15 file then 
enlarged to no. 25. Between every file change, 
patency at working length was confirmed by 
using no. 10 K-file, and the canals were irrigated 
with 2.5% sodium hypochlorite (NaOCl) (AlSa'ad 
pharma, Aleppo, Syria). Irrigation was performed 
with a 27-gauge blind-ended endodontic irrigation 
needle.  

The volume of irrigant flushed after each 
file was 2 mL for all groups. The final irrigation 
sequence was 5 mL of 17% 
ethylenediaminetetraacetic acid (EDTA) (prevest-

denpro, Jalandhar, India) for 3 minutes, followed 
by 5 mL of 2.5% NaOCl and 5 mL saline 
solution.13  

 
Group B:  Canal preparation was 

performed using Hero Shaper rotary system. The 
instrumentation began with file 20/0.06 placed at 
the coronal and middle thirds of the canal 
followed by file 20/0.04 to the full length, file 
25/0.06 to coronal and middle thirds of the canal 
and finished the preparation using file 25/0.04 to 
the full working length of the canal. The irrigation 
was performed just as described at group A. 

 
Group C: Canal preparation was 

performed using Revo S rotary system. The 
instrumentation started with file SC1 (no. 
25/0.06) placed at two thirds of the working 
length, followed by file SC2 (no. 25/0.04) and file 
SC (no. 25/0.06) to the full working length. The 
irrigation was performed just as described at 
group A. 

After instrumentation, mesial and distal 
roots of each teeth were split longitudinally using 
a diamond disk in a buccolingual direction and 
only mesial roots were used. All canals were 
obturated using the endo-seal (Meta Biomed, 
Korea) root canal sealer, continuous wave 
compaction technique and thermoplastic Gutta-
Percha injection technique. 

After obturation, all roots were coronally 
sealed by glass ionomer cement (kavitan Pro, 
SpofaDent, Czech Republic). Then they were 
incubated at 37 C° and 100% humidity for 7 days 
to allow the sealing materials to set completely. 

The roots were immersed in Pelican blue 
dye (Pelican ink 4001 PH=2.7, Germany), and 
stored in an incubator for 48 hours 14. Then, the 
roots were cleared for the apical leakage study. 
The liner extent of dye penetration from the 
apical root ends was measured in millimeters by 
a stereomicroscope at (X 20) magnification14, 
using the Escobar criteria:15,16 
 
0:  No leakage, if penetration of the dye is 1.5 
mm or less through the apical terminus; as 
shown in fig.1a. 
1:  Slight leakage, if penetration is up to 3 mm 
into the canal; as shown in fig.1b. 
2:  Moderate leakage, if penetration is more than 
3 mm into the canal; as shown in fig. 1c. 
 
The data were subjected to statistical analysis. 
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Figure 1. Leakage using Escobar's criteria 

(stages a, b, and c by turn) 
 

Results 

 
The following Table shows the data of 

apical leakage extent in millimeters and by 
Escobar guidelines. 
 

 
Table 1. The data of apical leakage extent in 

millimeters and by Escobar. 
 

Apical leakage  

Descriptive data that included mean, 
standard deviation and range were obtained for 
each group and one-way ANOVA has performed 
followed by Bonferroni test to find any significant 
difference among the groups. A P-value of less 
than 0.05 was considered for statistical 
significance. 
 

 
Table 2. Statistical values on apical leakage in 
millimeters. 
 

Apical leakage by Escobar 
Number of samples and percentage of 

leakage degree were obtained for each group 
using the Escobar guidelines. Kruskal wallis has 
been performed, and followed by Mann-Whitney 

test to find any significant difference among the 
groups. A P-value of less than 0.05 was 
considered for statistical significance. 
 

 
Table 3. Statistical values on apical leakage by 
Escobar. 
 

The statistical analysis of both methods of 
measurements has indicated that group A 
prepared by stainless steel hand files shows 
significantly greater leakage extent than groups B 
and C prepared by Ni-Ti rotary systems. 

At the same time, group B prepared by 
Hero Shaper 4% produced more leakage than 
group C prepared by Revo S, 6%. 
 
 Discussion 
 
 One of the main criteria's in root canal 
preparation is the development of a continuously 
tapered form while keeping the original canal 
shape. 17 

This study evaluated the influence of 
three tapers of root canal preparation instruments 
(Revo S 6%, Hero Shaper 4%, and hand 
instrument K-files 2%) on apical leakage with the 
use of methylene blue dye penetration technique. 

Results revealed that using Revo S and 
Hero Shaper rotary instrumentation produced 
significantly cleaner canals than the hand K-files. 
This finding is thought to highlight the 
advantages of using Ni-Ti rotary instruments, 
which produce a well tapered root canal form 
adequate for obturation, and due to greater 
flexibility of Ni-Ti; it maintains the canal curvature 
even in severely curved root canals. 

These results were consistent with other 
studies, presenting significant difference between 
preparing root canals using stainless steel hand 
files and rotary Ni-Ti systems2,18,19.  

The literature also indicates that using 
rotary Ni-Ti systems creates more circular and 
homogeneous canal shapes. And produces 
significantly increased root canal diameter, 
volume and surface area when compared with 
the manual technique20 While, stainless steel 
instruments create more uninstrumented 
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regions.2 
The ability of sealing the apical third of 

canal presented by Revo S and Hero Shaper 
rotary systems is similar to one another. The 
findings of the present study were consistent with 
other studies presenting no significant difference 
among different Ni-Ti systems.18,19,21-23 

However, Hero shaper 4% showed 
slightly more apical leakage compared to Revo S 
6%. And that can be explained by the rotary 
circumferential filing of Hero Shaper instruments 
that leaves noninstrumented areas at the apical 
third 24, and the triple helix cross section in Hero 
shaper files, compared to the asymmetric cross 
section and progressive pitch in Revo S files 25. 

This provides less stress on the 
instrument and increases the available volume 
for upward debris elimination and more efficient 
cleaning26. It can also be explained by the fact 
that enlarging the root canal taper increases the 
disinfectious action, improves sealing ability and 
results in less voids; confirmed by many 
studies.27-29 

On the other hand, Tabrizizadeh et al 30 
indicated that reducing the preparation size may 
lead to a less apical leakage. 

According to Germain et al31, the final 
taper of preparation is critical in sealing ability of 
obturating materials. And the apical adaptability 
of endodontic obturating materials increases 
when using larger preparation tapers.  

In addition, studies proved that minimally 
treated root canals are less apically disinfected 
due to the lack of bacterial elimination and 
irrigant penetration compared with enlarged 
ones.32 

In addition, according to Lee et al and Al 
Khalagi et al 12, 33, the diameter and taper of root 
canal have influenced the effectiveness of 
ultrasonic irrigation to remove artificially placed 
dentine debris. 
 

Conclusions 
 

In the current study, the use of larger 
tapers in root canal preparation resulted in less 
apical leakage, but with no significant difference 
between taper 4% and 6%. 

Despite, the use of hand instrument K-
files showed more leakage than the NiTi rotary 
instrument (Revo S, Hero Shaper). 
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