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THE EFFECT OF DIFFERENT PREPARATION TIMES ON THE TAPER 
AND SHAPE OF SIMULATED ROOT CANALS USING THE XP-ENDO 
SHAPER ROTARY FILE
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ABSTRACT

Objective: This study evaluated the effect of different preparation times on the taper and shape of simulated root canals using the 
XP-endo Shaper rotary file. Materials and methods: A total of 54 resin blocks made of clear polyacrylic resin with simulated root 
canals were used in this study. They were photographed using a built-in camera of a stereomicroscope. They were prepared using 
the XP-endo Shaper instrument up to the working length (WL) according to the manufacturer’s recommendation for 30 seconds 
(s), 60 s and 90s. Postoperative photographs were performed after canal preparation at each time-point. Then, the registered pre and 
postoperative datasets were examined to evaluate the canal taper and apical tip diameter. Repeated measures general linear model 
was used to compare the differences in either the increase or the reduction of the parameters amongst the time-points. Alpha-error 
was set at 5%. Results: Extending the period of XP-endo Shaper active instrumentation at WL significantly influenced several 
parameters such as apical tip diameter (P < 0.05) and canal taper (P < 0.05) of the instrumented canal. Conclusions: Extending 
the activation time of XP endo Shaper instruments at WL resulted in a more comprehensive root canal preparation, increasing the 
canal taper and the apical tip diameter.
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INTRODUCTION 

The primary goal of root canal treatment is 
to create a bacteria free environment through 
adequate cleaning and shaping using different 
instruments, irrigants materials and techniques (1,2). 
Conventionally, cleaning is accomplished using 
various irrigants materials like sodium hypochlorite, 
ethylenediaminetetraacetic acid (EDTA), hydrogen 
peroxide and chlorohexidine gluconate (3). Later on, 
strategies for root canal cleaning and disinfection 
have been directed to use irrigation activation 
techniques, such as: sonic, ultrasonic and many 

other methods (4). In order to achieve proper 
cleaning, effective shaping is mandatory (5). Shaping 
procedures should respect the canal anatomy 
through maintaining the original canal curvature 
and preventing the creation of procedural errors 
such as: zipping, ledging and canal transportation (6). 

However, the root canal system is anatomically 
complex and offers many challenges such as: narrow 
canals, canal curvatures, canal calcifications, as 
well as irregular canal cross sections (7,8)

. Many 
instruments and instrumentation techniques have 
been introduced to overcome these challenges, such 
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as rotary Nickel Titanium instruments (NiTi) which 
have become an integral part of instrumentation for 
the last 25 years (9,10). Many rotary NiTi instruments 
have been introduced with wide differences 
in instrument design, metallurgy, method of 
manufacture and kinematics, all these characteristics 
aim to improve flexibility, cutting efficiency and 
resistance to fracture (11). For instance, the ProTaper 
Next rotary file has an unusual rectangular cross 
section and is manufactured out of modified NiTi 
alloy called M-Wire (12). 

On the other hand, the Hyflex rotary file is made 
out of a new NiTi alloy called CM-Wire and is 
manufactured using a new technique called Electric 
Discharge Machine which aims to reduce the risk of 
instrument fracture (13). Furthermore, the ProTaper 
Gold rotary file combines a new metallurgy of 
M-Wire and reciprocating kinematics rather than 
continuous rotation (14-15,16). All the previously 
mentioned instruments are solid cored instruments 
which depend on their core to create the canal shape. 

More recently a new instrument, the XP-endo 
Shaper (FKG Dentaire SA), has been introduced. It 
incorporates an unusual design which depends on 
the rotation of the instrument to produce the canal 
shape rather than the instrument core.  The XP-endo 
Shaper is manufactured out of MaxWire (Martens-
ite-Austenite alloy) and has a parallel non tapered 
form with a triangular cross section. The instru-
ment has a core size corresponding to number #30 
ISO instrument, and is manufactured in an S-shape 
curve. Outside the patient’s mouth, the instrument’s 
S-shape corresponds to a size number 1% taper 
(Martensitic phase), when placed in the patient’s 
mouth with the temperature above 350C, the instru-
ment changes to a size number 4% taper (Austenitic 
phase). The manufacturer suggests that this instru-
ment is used for a total of one minute inside the ca-
nal space to enlarge the canal size to a size number 
#30, 4% taper (17). However, up till now there has 
been no research to evaluate the effect of increasing 
or decreasing the preparation time on the intended 
canal shape when using the XP-endo Shaper.

SUBJECTS AND METHODS

A total of 54 resin blocks made of clear poly-
acrylic resin with simulated root canals were used 
in this study. The simulated root canals were 16 mm 
in length and with 0.02 taper, radius of curvature 
5.5 mm and at a 45-degree canal curvature (Endo 
Training Block-S, Dentsply Maillefer). Prior to ex-
perimentation, the resin blocks were photographed 
from the side showing the canal curvature using a 
stereomicroscope (Leica QWIN V3 image analyzer 
computer system ). For the purpose of image stan-
dardization, a custom-made platform made of clear 
polyacrylic resin was constructed (9.5cm length, 
4.5cm in width and 1cm in height). At one end of 
the platform, a slot was made to house the resin 
blocks (1cm height X 0 .5 cm depth X 3 cm length). 
An endodontic ruler was cemented onto the resin 
platform -just above the slot covering a small part 
of the slot for the purpose of referencing the real 
dimensions of the canals in relation to that of the 
image taken pre or post-instrumentation. The plat-
form was fixed to the stereomicroscope in a specific 
position using double-faced tape (3m double-faced 
tape).

Prior to imaging, all canals were filled with 
blue ink (Corfix, porto alergi, chinase) using an 
insulin syringe to define their outlines and facilitate 
evaluation. Then each block was inserted into the 
slot in the platform and a pre-instrumentation image 
was taken at 8 x magnification then uploaded to a 
cloud-based electronic system.

Canal preparation and grouping:

 Prior to a canal preparation, canal patency was 
established using a #10 k-file (Dentsply Maillefer, 
Switzerland ) followed by a #15 k-file (Dentsply 
Maillefer, Switzerland). The canal space was ir-
rigated with 3ml of preheated (37°C) distilled wa-
ter using a 30-gauge side-vented needle (ultradent, 
South Jordan, Ut ) attached to a disposable plastic 
syringe. Then a new XP-endo shaper file (FKG 
Dentaire, La Chaux-de-Fonds, Switzerland) was 
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mounted on a torque-controlled motor (E-cube, 
saeshine, korea) and activated at rotational speed of 
800 rpm and torque of 1 Ncm according to the man-
ufacturer’s instruction (18). Prior to instrumentation, 
the manufacturer’s rubber stopper was removed and 
replaced with a customized teflon stopper (10 mm 
thickness and 5 mm diameter) to standardize the 
working length to be 15 mm and prevent the file 
from exceeding that length.

Canal preparation was divided into two phases:

Phase one:

Preparation of the canal until the file reached the 
full working length for the first time. The XP-endo 
shaper file was used with an in and out motion and 
the file was advanced to the full working length 
in 10 strokes at a rate of 2 strokes/3 second (15 
seconds). After reaching the full working length the 
instrument was removed, and the canal was irrigated 
with 2ml of distilled water and recapitulated using 
a #15 K-file.

Phase two: 

Preparation after the file reached the full work-
ing length for the first time. Prior to initiation of 
phase two all blocks were divided into three groups 
randomly (n=18 per group) according to the total 
time of preparation:

Group 1: (XP-1) the canals in this group were 
shaped using the XP-endo shaper for ½ a minute. 

 Group 2: (XP-2) the canals in this group were 
shaped using the XP-endo shaper   for 1 minute.

Group 3: (XP-3) the canals in this group were 
shaped using the XP-endo shaper for 1.5 minutes.

The instrument was reinserted into the canal 
and the preparation was continued at the same rate 
for the specified amount of time for each group. In 
order to simulate clinical conditions, all preparation 
procedures were done while the resin blocks were 
placed inside a water bath at 37˚C. 

Post-instrumentation imaging of the resin blocks 
was done as mentioned previously except that the 
contrast ink used in post-instrumentation images 
was red in color to differentiate between the pre and 
post-instrumentation canal shapes.

Evaluation of the canal preparation:

 All pre- and post-instrumentation images were 
imported to a computer software (AutoCAD 2016, 
Autodesk, San Rafael, CA, USA) for evaluation. 
The evaluation was done by an endodontist who 
was blinded to the parameters of the study.

1- Evaluation of canal taper:

A. 	 Adjustment of images and drawing of interval 
lines:

After importing the images into the computer 
software, a composite image was produced by 
superimposition of the pre- and post- instrumentation 
images of the same block. To ensure accurate 
superimposition, the reservoirs of the blocks were 
used as a reference. Prior to establishing the level 
of the first interval line, the booster tip of the 
XPS instrument was measured to be (0.566) mm. 
When evaluating the blocks, the level of the first 
interval line was determined by subtracting 0.566 
mm form the beginning of the divergence of the 
canal preparation of the original canal and this was 
considered the level of the first interval line. Then 
10 interval lines were drawn using the software at 
1 mm intervals (corresponding with the millimeter 
diagram of the rulers) starting from the level of the 
first interval line previously prescribed. 

B. Measuring of the canal diameter at each interval:

10 additional lines were drawn at 90 degree 
angles to the internal wall of the canal (at the 
points of the intersection of the interval lines with 
the internal wall of the canal) and extended until 
intersection with the external wall of the canal, these 
were considered measuring lines, once  the position 
of these lines  were finalized, the length of each 
line was noted and recorded (these measurements 
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represented the diameter of the canal at each interval 
level) .

C. Measurement of canal taper:

The canal space was divided into three thirds 
(apical, middle and coronal), the first measuring 
line was considered the beginning of the apical 
third of the canal, while the 4th measuring line 
was considered the end of the apical third and the 
beginning of the middle third of the canal. Moreover, 
the 7th measuring line was considered the end of 
the middle third and the beginning of the coronal 
third of the canal, while the 10th measuring line was 
considered the end of the coronal third of the canal.

The taper of the canal was calculated using the 
following equation:   

D2: most coronal diameter.

D1: most apical diameter.

2- Evaluation of the apical diameter:

The apical diameter of the preparation was 
evaluated by measuring the diameter of the 
preparation at a point (0.566 mm) form the 
beginning of the divergence of the canal preparation 
of the original canal (fig. 3).

 Statistical Analysis of the data

Numerical data were explored for normality by 
checking the distribution of data and using tests 
of normality (Kolmogorov-Smirnov and Shapiro-
Wilk tests). All data showed normal (parametric) 
distribution. Parametric data were presented as 
mean and standard deviation (SD). For parametric 
data; repeated measures Analysis of Variance 
(ANOVA) was used to compare between the groups 
as well as the root levels within each group. One-
way ANOVA test was used to compare between 
apical diameter in the three groups. Bonferroni’s 
post-hoc test was used for pair-wise comparisons 
when ANOVA test is significant. The significance 

level was set at P ≤ 0.05. Statistical analysis was 
performed with IBM SPSS Statistics for Windows, 
Version 23.0. Armonk, NY: IBM Corp.

RESULTS

With regards to canal taper, there was no a 
statistically significant difference between the taper 
values of the apical and middle third in the three 
preparation time groups (P-value = 0.169). Pair-
wise comparisons between the three preparation 
time groups at the coronal third revealed that there 
was no a statistically significant difference between 
60s and 90s groups, but both showed a statistically 
significantly higher mean taper values than 30s group 
(P value < 0.05), figures 1 and 2. Furthermore, the 
apical tip diameter showed a significant difference 
between each of three groups (P-value <0.001).

FIG (1) Effect of time on apical tip diameter

FIG (2) Effect of apical taper and time
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DISCUSSION

In this study, a total of 54 resin blocks made of 
clear polyacrylic resin with simulated root canals 
were used. This number was estimated according 
to the power analysis done on the data obtained 
from a study done by Ozyrucc T, et al 2017(19). 
The confidence level was set at 95% and this 
corresponded to 18 samples per group. Simulated 
resin canals were preferred over root canals in 
natural teeth because in natural teeth it is very 
difficult to maintain standardization because of the 
anatomic variations (curvature, taper and length) 
and hardness dissimilarity of the teeth especially 
when derived from many different donors (20,21). 

The standardization of working length in this 
study was done using a novel method, a customized 
teflon stopper to prevent overextension during 
preparation. The use of a customized stopper is 
more accurate and more clinically relevant when 
compared to the other above-mentioned methods. 
With regards to the preparation environment, the XP 
endo-shaper is manufactured out of an alloy with 
an Austinite transition temperature of 35 °C. At this 
temperature the instrument changes longitudinally 
to form a wider S-shape, designed to impart a 4% 
taper during canal preparation (18). For this reason, 
studies done at room temperature may be inaccurate 
when using instruments like this. 

To overcome this issue, all preparation 
procedures were done while submerging the resin 
blocks in a 37° C water bath to allow for the alloy 
change and to closely mimic clinical conditions, 
this is similar to other studies done in this field 

(22,23)
. Furthermore, the rate of preparation needed 

to be standardized to minimize variations during 
preparation. A pilot study was done to evaluate the 
average time taken to reach the working length using 
the manufacturer prescribed number of strokes (10 
strokes). According to this, the rate of preparation 
was set to be 2 strokes per 3 second which means 
it took 15 seconds to complete 10 strokes and reach 
the working length. 

In this study a stereomicroscope was used simi-
lar to other studies in this filed (24,25,26,27).  Stereomi-
croscopy was preferred over other methods because 
of its low cost, availability, simplicity of use and 
no risk of radiation exposure. With regards to im-
age clarity, stereomicroscopy is superior to other 
method except µCT (28). In this study, imaging of 
stereomicroscope was done at 8x magnification to 
ensure that the image contained both the simulated 
canal and ruler within its borders. During measure-
ment of the preparation it became evident that the 
XPS instrument did not maintain the same working 
length, this made it difficult to standardize the start-
ing point for measurement of the canal, to overcome 
this, the booster tip of the XPS instrument was mea-
sured and the average length was established to be 
(0.566) mm. When determining the start point for 
drawing the first interval line, 0.566 mm was mea-
sured from the beginning of divergence of the canal 
preparation from the original canal and that point 
was considered the level first interval line. 

The null hypothesis of this study was that using 
different preparation time will not affect the canal 
taper and apical diameter, but the null hypothesis was 
unfulfilled. With regards to the effect of preparation 
time on simulated root canal taper, when comparing 
the taper values between the preparation time groups 
within each simulated root canal third, the coronal 
taper increased significantly after preparation for 
60s and 90s. As previously mentioned, the XPS is 
an “adaptive core” instrument which is designed 
to expand to irregular parts of canal space (29) and 
hence increase the amount of touched canal walls 
during preparation which ultimately may lead to 
improved canal cleanliness, this has been proven in 
previousresearch(30,,31,32).
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Furthermore, during the initial 15 seconds of 
preparation outlined by the manufacturer in which 
the instrument should reach the full working length, 
the instrument is tightly bound inside the canal space 
and no longer retains the snake like shape and will 
prepare the canal with its (1%) core taper. Moreover, 
during the next 15 seconds the instrument design 
begins to rotate more freely in the canal allowing 
the instrument to revert to its snake like shape and 
impart a larger taper to the canal space. 

After preparation for 60s and 90s, a further 60s 
and 90s, respectively, of free rotation in the canal 
may have resulted in more contact of the instrument 
with the canal wall as well as free movement of 
the instrument during use. Furthermore, once the 
instrument was free in the canal this may have 
allowed for more brushing motion of the coronal 
third of the canal. These reasons together can explain 
the significant increase in taper of the coronal 
third. The effect of preparation time and rotational 
speed on root canal shape has been established 
previously (33,34,35). Other research done on adaptive 
core instruments have shown similar results (36,37 ,38 

,39,40). No research done to date on adaptive core 
instrument has shown the contrary.

With regards to apical diameter, there was a 
significant difference between all the groups. This 
could be explained by the fact that the increased 
preparation time combined with the inherent property 
of NiTi alloy to exhibit the so called “rebound 
effect” (41,42) may have resulted in an unbalanced 
increased cutting in the apical area. The fact that 
increased preparation time affects apical diameter 
of root canal is well established for adaptive core 
instruments (37,38,43). On the other hand, no research 
to date on adaptive core instruments directly 
measuring apical diameter has shown the contrary. 
Moreover, canal transportation inadvertently results 
in widening of the apical area, multiple research has 
shown that increasing preparation time or rotational 
speed can result in canal transportation (44,45). On the 
other hand, some research has shown preparation 

time has little effect on transportation (46,47).

 According to the manufacturer the XPS 
instrument should impart a 4 % taper with an 
apical diameter of an ISO #30 (18), but the reality 
of using this instrument revealed that this is not 
the case. Although the apical size reached an ISO 
#30 after preparation using the manufacturer 
recommendations, the final taper was not a 4%. 
Furthermore, the effect of increasing working 
time revealed that the apical diameter of prepared 
canals would get larger. These conclusions have 
repercussions on the fit of cones during obturation 
and the effectivity of irrigation procedures in canals 
enlarged with XPS.

CONCLUSIONS

Extended time of preparation when using XP-
Endo Shaper results in increasing the apical tip 
diameter and canal taper. 
Endnotes
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