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Abstract 
Purpose: Successful endodontic therapy is based mainly upon effective mechanical instrumentation and 
disinfection of root canals. This study compares the antibacterial effect of Erbium, chromium: yttrium-
scandium-gallium-garnet (Er, Cr:YSGG) laser 2780nm wavelength, diode laser 940nm wavelength and sodium 
hypochlorite (NaOCl) 5.25% solution on Enterococcus faecalis (E. faecalis) biofilm.  
Materials and methods: A total of 50 extracted human permanent maxillary central incisor teeth were 
prepared to size X4 Protaper Next and contaminated with E. Faecalis for biofilm formation. After ten days of 
incubation and based on the method of disinfection of the root canals, the specimens were randomly grouped 
into; group A (n=15), which was irradiated by ER, Cr: YSGG laser 2780nm wavelength; group B (n=15), which 
was irradiated with a diode laser 940 nm wavelength; group C (n=15), which was rinsed with 5.25% NaOCl 
solution. Three teeth were used to confirm the biofilms formation by scanning electron microscope (SEM) and 
two teeth served as negative control. Intracanal bacteria sampling was performed under complete aseptic 
conditions before and after disinfection. The specimens were cultured to enumerate the colony forming units 
(CFUs) count. 
Results: Although group C (5.25% NaOCl solution) showed a more disinfection than both laser systems, there 
was no significant difference between all groups (P> 0.05). 
Conclusion: Both ER, Cr: YSGG laser 2780nm wavelength and diode laser 940nm wavelength have nearly 
similar antibacterial efficacy on E. faecalis compared with NaOCl 5.25% solution. The use of laser for root 
canal disinfection may be advantageous considering several unfavorable actions of NaOCl. 
Key words : Laser, Enterococcus faecalis, Root canal, Sodium hypochlorite. 
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Introduction 

Cleaning and shaping of the root 
canal system is considered the most 
critical phase of the root canal 
treatment as cleaning involves the 
elimination of all organic materials 
that encourage bacterial growth, 
whereas shaping encompasses 
preparing the root canal into a 
continuously tapering form that allows 
effective irrigation and provide 
sufficient access for the obturation 
instruments and materials. Preserving 
the original canal’s anatomy during 
cleaning and shaping phase, remains a 
major challenge as none of the rotary 
instruments used were able to produce 
a completely clean canal(1), with 
maintenance of the canal curvature. 
Conventionally, stainless steel 
instruments were used for cleaning and 
shaping of root canals. However, the 
use of such stiff instruments is 
associated with a higher incidence of 
procedural errors compared with Ni-Ti 
instruments(2).  

The drawbacks encountered 
with the rigidity of stainless steel hand 
instruments, had led to the introduction 
of the more flexible Nickel-Titanium 
instruments, as they have many great 
advantages such as; their ability to 
overcome the rigidity issue, reduced 
treatment time with safety of 
instrumentation, and fewer procedural 
mishaps, due to their super-
elasticity(3).   

Despite all these advantages of 
the super elastic Ni-Ti rotary files, 
curved root canals are subjected to a 
high prevalence of preparation errors 
or canal aberrations like root canal 
transportation, which means 
asymmetrical root canal dentin 
removal during shaping, due to the 
tendency of the rotary file to straighten 
itself inside the canal. Also, rotary Ni-
Ti instruments still suffer from the 
high risk of fracture. Hence, there have 
been considerable improvements in the 
file design, metallurgy, manufacturing 
methods of rotary Ni-Ti instruments. 
Heat treatment of Ni-Ti alloys 
producing M wire, CM wire, and R 
phase or incorporating new 
manufacturing processes such as 
surface treatments, and electrical 
discharge machining had improved 
mechanical properties, cutting 
efficiency and cyclic fatigue resistance 
of these instruments.  

The iRaCe file system, which is 
made from conventional austenite Ni-
Ti, with a uniform triangular cross 
section, alternating cutting edges, and 
a non-cutting tip design. It had 
undergone an electrochemical surface 
treatment, which significantly 
increased its cyclic fatigue 
resistance(4). Some studies reported 
that this system had good cleaning and 
shaping abilities, and recommended its 
use in shaping S-shaped canals, as it 
preserves and respects the original 
canal anatomy and the position of the 
apical foramen(5)(6)(7). The XP-Endo 
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Shaper file, which is made from Max-
Wire (Martensite-Austenite-
electropolish-fileX), is a recent type of 
alloy that is the first that combines both 
the super-elasticity and shape memory 
effect in a single system. This file 
showed better centering ability and 
less canal transportation(8) and has the 
ability to touch more canal walls(9). 
These files are characterized by a 
significant increase in cyclic fatigue 
resistance(10). However, they suffer 
from a decreased torsional 
resistance(11)(12). 

In this study the shaping ability 
of the recently introduced XP-Endo 
Shaper file, which made from the 
recent Ni-Ti alloy called “Max-Wire”, 
was compared to iRaCe rotary file, 
which is made from the conventional 
super-elastic Ni-Ti alloy. 

Materials and methods 

a) Samples selection and 
preparation: 
Thirty human permanent 

mandibular first and second molars, 
with mesiobuccal canal type III  
according to weine’s classification, 
and canal curvature angle within 20º – 
35º according to Schneider’s 
method(13). The occlusal surfaces were 
flattened, Access cavity and canal 
patency were done, then the working 
length was measured using K-file #10 
until it is visible from the apex, then 
subtracting 1mm from tooth length. 
b) Samples classification: 

The thirty samples were divided 
into two equal groups, according to the 
type of rotary file used in canal 
instrumentation; Group I (XP-endo 
Shaper), and Group II (iRaCe). 
c) Pre-instrumentation CBCT 

imaging: 
Before CBCT scanning, two molds 

were made by using silaxil 
condensation silicones rubber base 
impression material putty consistency, 
each mold held up to 15 mandibular 
molars. The mesial roots were 
wrapped with teflon tape, whereas the 
distal roots were removed. Then each 
tooth was immersed vertically in the 
mold. A gutta percha cone was inserted 
vertically into the impression material, 
to enable the orientation of the canals 
during scanning and image analysis.  

CBCT scanning was done using 
iCAT 17-19 CBCT scanner, with the 
following operation protocol: 120 
kVp, 5 mAs, voxel size 0.125 mm, 
scanning time 7 sec, and field of view 
8 x 4 cm. Image analysis was done by 
another clinician using Anatomage 
InVivoDental software version 5.3.1 to 
calculate pre-instrumentation 
measurements of: mesiobuccal root 
canal curvature using Schneider’s 
method, and root dentin thickness 
measurements measured at three levels 
from root apex (3, 6 & 9mm), and the 
shortest distance from the canal walls 
to the external root surface was 
measured in two directions mesial 
(M1) and distal (D1), as the shortest 
distance between the mesial or the 
distal margin of the un-instrumented 
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root canal to the external root surface 
respectively. 
d) Root canal instrumentation: 

For both groups, root canal 
instrumentation was done in a warm 
water bath, with temperature around 
37°C, to simulate human body 
temperature. The irrigation protocol(14) 
was carried out using a total volume of  
9 mL of 5.25% sodium hypochlorite 
solution delivered using a 30-G Navi 
Tip needle adapted to a disposable 
plastic syringe applied to a depth of 
2mm short from the working length. 
After instrumentation was completed, 
5 mL of 17% EDTA solution was used 
followed by 10 mL of distilled water as 
a final flush. Each file was operated 
according to manufacturer’s 
recommendations, using gentle strokes 
until reaching down the working 
length.  
e) Post-instrumentation CBCT 

imaging: 
Post-instrumentation CBCT 

scanning was done to calculate post-
instrumentation measurements. 
f) Evaluation of Shaping Ability: 

The superimposition tool of the 
software was applied to automatically 
superimpose pre- and post-
instrumentation images, hence 
guaranteeing measuring dentin 
thickness at the same exact point and 
level of the root canal. So the Linear 
amount of dentin removed was 
calculated according to the following 
formula (M1-M2) & (D1-D2) from 
mesial and distal directions 
respectively.  

Changes in mesiodistal canal 
curvature of the mesiobuccal canal 
were calculated in means of 
percentage of the change in canal 
curvature angle according to Estrela 
et al.(15). The amount of transportation 
in mesiodistal direction was measured 
according to method developed by 
Gambill et al.(16), as the following 
equation (M1 – M2) – (D1 – D2). A 
result of zero means no transportation, 
a positive result means transportation 
is toward mesial, while a negative 
result means transportation is toward 
distal. Centering ratio was calculated 
mesiodistally by formula introduced 
by Gambill et al.(16), using the 
following formula (M1 – M2)  /  (D1 – 
D2). If these numbers are not equal, the 
lower figure is considered the 
numerator of the ratio. According to 
this formula, a result of 1 indicates 
perfect centering. 

Statistical analysis 

Numerical data were explored 
for normality by checking the data 
distribution, calculating the mean and 
median values and using Kolmogorov-
Smirnov and Shapiro-Wilk tests. Data 
showed parametric distribution so; it 
was represented by mean and standard 
deviation (SD) values. Intergroup 
comparisons were done using 
independent t-test, while intragroup 
comparisons were done using one-way 
repeated measures ANOVA followed 
by bonferroni post hoc test. The 
significance level was set at p ≤0.05 
within all tests. Statistical analysis was 
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performed with IBM SPSS Statistics 
Version 26 for Windows. 

Results: 

No statistically significant differences 
were observed between both files in, 
post instrumentation canal curvature, 
percentage of change of canal 

curvature, transportation, and 
centering ability (p>0.05). No 
statistically significant differences 
were observed between different canal 
levels within each group, regarding, 
transportation, and centering ability 
(p>0.05). (Table 1) 

 
Table 1: mean and standard deviation values of canal curvature, transportation, and centering ratio of both 
groups (P-value; significant (p ≤ 0.05) ns; non-significant (p>0.05)).  

Discussion 

 Recently introduced rotary files 
are claimed to be more superior over 
the previous files in canal preparation, 
with the continuous improvements in 
cross-sectional designs or file tip 
design, heat treatment of the alloys, 
surface treatments, or incorporating 
new manufacturing processes. So, it is 
essential to precisely evaluate canal 
geometry in three dimensions and to 
compare the pre-and post-

instrumentation shapes to confirm or 
refute such claims . 

 Root canal transportation 
occurs result of asymmetrical root 
canal dentin removal during shaping, 
due to the tendency of the rotary file to 
straighten itself inside the canal, 
leading to an apical area of the root 
canal over prepared on the outer curve 
of the canal, whereas coronally over 
prepared toward the inner curve of the
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Plate 1 Pre-and post-instrumentation CBCT images of dentin thickness measurement at coronal, middle and apical 
levels 

canal. As a consequence of root canal 
transportation, mishaps from ledge 
formation up to root canal perforation 
are possible to a varying degrees, so 
the higher the canal curvature degree 
and the lesser the radius of curvature, 
the higher the risk of canal 
transportation(17). An acceptable range 
for apical transportation is in the range 
of 5°-7.7° or not more than 300 µm, or 
it will adversely affect the seal of the 
obturation materials(18). Centering 
ability is the ability of the instrument 
to stay centered in the canal. The 
literature showed that shaping ability 
is influenced by; instrument design 
(cross-section, taper, and tip), type of 
alloy used, and kinematics(19). Both 
canal transportation and centering 

ability are used to assess the efficiency 
of rotary instruments in mechanical 
preparation of the root canals with the 
preservation of root canal anatomy(20). 

  Hence this study was to evaluate 
changes in canal curvature, 
transportation, centering ability, to 
assess the efficiency of the new 
generation of rotary files (XP-Endo 
Shaper), against a conventional 
uniform taper Ni-Ti rotary instrument 
(iRaCe rotary file system), which was 
chosen here as it can achieve final canal 
preparation of 30/.04, which is similar 
to XP-Endo Shaper final preparation 
size. In this study, extracted natural 
teeth were chosen over resin blocks, 
because of the major advantage of 
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simulating the clinical, however the 
standardization of some variables is 
much more difficult than in resin 
blocks(21). 

 The mesiobuccal canals of 
extracted first and second mandibular 
molars were selected, as these canals 
are round, narrow, and usually have a 
curvature in at least the mesiodistal 
plane. Both pre-and post-operative 
determination of root canal curvature 
were measured using Schneider’s 
method(23), as it is a reliable method 
used by many authors(24)(25). 
Comparison of the mean and standard 
deviation values of the pre-operative 
measurements of root canal curvature, 
was done to confirm that there was no 
statistically difference between both 
groups . 

 In order to mimic the clinical 
situation, the crowns were kept to 
preserve the cervical dentin 
projections, as they create interferences 
and tensions on the files during 
instrumentation(26)(27). Only flattening 
of the occlusal surfaces of the molars 
were done to achieve a standard 
working length and a reliable reference 
point during canal instrumentation. 
Also; all root canal instrumentation was 
done in a preheated water bath and the 
temperature was kept at 37° C, 
simulating the intracanal temperature, 
because heat-treated instruments like 
XP-Endo Shaper can change from 
martensite to austenite phase when 
heated affecting its expansion 

properties, and also for standardization 
purposes the iRaCe files were subjected 
to the same temperature, despite it has 
no effect on the file cleaning and 
shaping abilities(9). 

 CBCT was used in conjunction 
with the 3D software, for the evaluation 
of shaping ability, as it allows a 
noninvasive detailed 3D observation of 
the root canal anatomy with high-
resolution images at the exact pre- and 
post-instrumentation root canal levels, 
for accurate measurement of changes in 
canal curvature and centering ability(21). 

The instrumentation effects of both 
systems on shaping of the root canal, 
were examined at 3-, 6- and 9-mm 
levels from the apex. The first level was 
made at 3mm (apical) from the root 
apex, because various studies have 
found that root canal transportation 
often occurs within these few 
millimeters. The second and third 
levels were made at 6mm representing 
the mid-root and at 9mm representing 
coronal level, where there is a high risk 
for strip perforation during root canal 
instrumentation(17). 

 With regard to canal curvature 
results, the highest mean value of post-
instrumentation measurements was 
recorded with the iRaCe files, followed 
by the XP-Endo Shaper file, without 
statistically difference between 
different them. On comparing 
percentage of change of canal 
curvatures, it was found that the highest 
mean value was recorded with the 
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iRaCe files, followed by the XP-Endo 
Shaper file, with no statistically 
significant differences between the two 
groups. This may be attributed to their 
triangular cross section and small 
cross-sectional diameter, improving 
their flexibility. Both files did not 
cause more than 3° angle change which 
is below the acceptable range for apical 
transportation (5°-7.7°)(18). 

 Regarding the effect of 
instrument on mesiodistal canal 
transportation, it was found that the 
highest mean value of canal 
transportation was recorded with the 
XP-Endo Shaper, followed by the 
iRaCe files, at both the coronal and the 
apical levels, without statistically 
significant difference between them. 
Mesial transportation occurred with 
both files at the coronal and apical 
levels. While at the middle level, both 
files exhibited distal transportation, 
with similar mean values of 
transportation. These findings came 
into a partial agreement with that of 
Hassan et al.(25) in that, at the coronal 
level, the XP-Endo Shaper file showed 
mesial transportation, and did not agree 
with that, the XP-Endo Shaper files 
showed distal transportation apically, 
this might be related to the different 
methodology used in sample 
preparation and instrumentation, as 
decoronation was done and 
instrumentation was not done in 
preheated water bath. Also our findings 
did not agree Xavier et al.(28), who 
found that the XP-Endo Shaper 

exhibited distal transportation 
coronally and apically, this might be 
attributed to the usage of single rooted 
teeth in the evaluation of the XP-Endo 
Shaper file. Many other studies(29)(30) 
reported that the apical part of the canal 
usually shows mesial transportation. 
These results might be attributed to the 
uniform taper and the small diameter of 
these files, as there is a higher tendency 
of canal transportation as the file 
diameter increases(25).The reason for 
the XP-Endo Shaper causing more 
mesial canal transportation coronally 
than the iRaCe files, might be attributed 
to its swaggering motion. According to 
De Carvalho et al.(29) and Elnagy & 
Elsaka(31), more than 0.3 mm of apical 
transportation can adversely affect the 
sealing ability of the obturation 
materials. Fortunately, in our study no 
rotary file produced more than 0.1 mm  . 

 On comparing the effect of canal 
level on mesiodistal transportation, in 
XP-Endo Shaper group, the highest 
mean value of transportation was 
recorded coronally, followed by the 
middle level, and the least value was 
apically, without statistically 
significant difference between them. In 
iRaCe group, both the coronal and 
middle levels had similar and the 
highest values of transportation, 
followed by the apical canal level, 
without statistically significant 
difference between them. These results 
came into an agreement with many 
studies(25)(28)(32) in that, the coronal level 
had the highest mean value of 
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transportation. These results might be 
attributed to the snake like motion and 
offset rotation center of the XP-Endo 
Shaper file, allowing it to engage and 
disengage the canal walls, reducing the 
stresses between the file and the canal 
and preserving the original canal 
pathway(25). On the other hand, the 
alternating cutting edges of the iRaCe 
files, was claimed to prevent the 
screwing in effect thus reducing 
stresses exerted on the file, leading to 
only minimal canal transportation(6). 

 Comparing the effect of 
instrument on centering ratio, the 
iRaCe files recorded the highest mean 
value of centering ratio, only at the 
coronal level, followed by the XP-Endo 
Shaper file, without statistically 
significant difference between the two 
them. Whereas the XP-Endo Shaper 
recorded the highest mean value of 
centering ratio, at both the middle and 
apical levels, followed by the iRaCe 
files, without statistically significant 
difference between them. Although 
there was non-significant difference 
among both files at all levels, it is worth 
emphasizing that coronally, the iRaCe 
files had mean values closer to 1 than 
the XP-Endo Shaper. However, the XP-
Endo Shaper had mean values closer to 
1 at the middle and the apical levels of 
the canal than iRaCe file system. So, 
maintenance of canal curvature was 
seen to be slightly better for XP-Endo 
Shaper file than iRaCe, which might be 
explained by the flexibility of the new 
MAX-wire alloy of the XP-Endo 

Shaper file, adapting favorably to the 
original canal path . 

 Comparing the effect of canal 
level on centering ratio, we found that 
in both groups, the highest mean value 
was recorded coronally, followed by 
the middle level, and the least value 
was recorded apically, without 
statistically significant differences 
between them. These findings were 
found to be consistent with many 
studies(25)(28), as the XP-Endo Shaper 
showed the least mean value of 
centering ratio apically and the highest 
value was coronally. Our findings did 
not agree with Morales et al.(32), as the 
highest mean value of centering ratio 
was recorded apically and the least was 
recorded coronally, which might be 
attributed to the selection of premolars 
with root curvatures angle between 10 
– 20 degrees. 

Conclusion 

Within the limitations of this 
study, it can be concluded that both 
files were equally effective in shaping 
the root canal system, maintaining the 
original canal anatomy. 
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