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Effects of clinical use of NiTi 
reciprocating instruments on cyclic and 
torsional resistance, and on roughness

Abstract: The aim of the present study was to evaluate the cyclic 
fatigue, torsional resistance and surface roughness of Reciproc R25 
instruments in four different situations, namely as new instruments 
and as instruments tested after clinical preparation of one, two or 
three maxillary molars with four root canals. The total time required 
to perform each root canal preparation was recorded. Cyclic fatigue 
resistance was determined by the time to fracture using a customized 
testing device (n = 10 per group). The torsional test evaluated the torque 
and angle of rotation to failure according to ISO 3630-1 (n = 10 per group). 
The roughness of the working parts of new and used instruments was 
evaluated with a profilometer (n = 5 per group). Statistical analysis 
was performed using one-way ANOVA and Tukey’s test. The level of 
significance was set at 5%. No fractures or deformations were observed 
after clinical use. Higher preparation time was needed during the 
third use of the instruments for all root canals (p < 0.05). There were 
no significant differences among the groups in regard to either cyclic 
fatigue or torsional resistance (p > 0.05). Regarding the roughness 
measurements, groove depth was higher on new and one- versus 
two- or three-maxillary-molar-prepared instruments (p < 0.05). It can 
be concluded that the clinical use of Reciproc instruments increased 
preparation time and decreased surface roughness. However, clinical 
use did not affect the cyclic fatigue or torsional resistance of the 
Reciproc instruments.

Keywords: Dental Instruments; Endodontics; Root Canal Therapy.

Introduction

Despite the clear advantages of nickel-titanium (NiTi) instruments, they 
still present some risk of fracture during root canal preparation, even if 
there may be no visible macroscopic deformations.1,2,3 Instrument fractures 
are caused by cyclic or torsional fatigue. In the first scenario, failure occurs 
by repetitive cycles of tensile and compressive stress during instrument 
rotation in curved canals.1  In the case of torsional fracture, the elastic 
limit of the instrument alloy is exceeded, because the instrument binds 
to the root canal.1 Manufacturers have developed several strategies to 
overcome these problems, such as modifying instrument design, creating 
new NiTi alloys and using new activation kinematics.4,5,6,7 
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The basic concept behind reciprocating kinematics 
is to have counterclockwise (CCW) and clockwise 
(CW) movements that are asymmetrical, to produce 
non-continuous rotation motion. While the rotation 
in one direction engages the instrument inside the 
canal for cutting, the opposite rotation (with a lower 
angle) promotes its disengagement and releases the 
stress. Today, an extensive body of research posits 
that instrument fracture can be reduced by changing 
the kinematics from rotary to reciprocating, without 
adversely affecting other endodontic outcomes.5,8,9,10 

One of the first reciprocating NiTi systems 
introduced in the endodontic market was Reciproc 
(VDW, Munich, Germany). Reciproc system 
instruments are manufactured with an M-Wire 
NiTi alloy and an S-shaped cross-section design, and 
come in three different sizes: R25 (tip size 25; .08v 
taper), R40 (tip size 40; .06v taper) and R50 (tip size 
50; .05v taper). According to the instructions of the 
Reciproc manufacturer, this system is a single-use 
instrument, which can be used in multiple canals 
of the same tooth and then discarded. However, 
a recent clinical study pointed out that single-file 
reciprocating instruments can be used in up to 3 
cases of endodontic treatment of posterior teeth, with 
a low fracture incidence.11 This study highlighted that 
reciprocating instruments such as those providing 
continuous rotation can be reused safely. Moreover, 
Generali and colleagues12 recently demonstrated that 
Reciproc cyclic fatigue and torsional resistance were 
not affected by simulated clinical use in severely 
curved molars. However, more in-depth knowledge is 
needed to determine whether clinical use influences 
the mechanical properties of these instruments. 
Therefore, the aim of the present study was to evaluate 
the cyclic fatigue, torsional resistance and roughness 
of Reciproc R25 instruments in different situations, 
namely new instruments with no previous clinical use, 
and instruments tested after the clinical preparation 
of one, two or three maxillary molars with four root 
canals. The total time required to perform each root 
canal preparation was also recorded and compared. 
The null hypotheses tested were: 
a. there are no differences between the cyclic 

fatigue resistance of new instruments and those 
prestressed by root canal preparations;

b. there are no differences between the torsional 
resistance of new instruments and those 
prestressed by root canal preparations;

c. there are no differences in the surface roughness 
of new instruments versus those prestressed by 
root canal preparations, and

d. there are no differences in the time needed to 
perform root canal preparations using new 
instruments versus those prestressed by root 
canal preparations.

Methodology

The study protocol was approved by the local 
ethics committee (15414019.6.0000.5283). The sample 
calculation was performed based on previous 
studies4,7 using G*Power v3.1 for Mac (Heinrich Heine, 
University of Düsseldorf, Düsseldorf, Germany), by 
selecting F tests – ANOVA: fixed effects, omnibus, and 
one-way. An alpha-type error of 0.05, a beta power 
of 0.95 and an effect size of 0.80 were used. A total of 
eight samples per group were indicated as the ideal 
size required for determining significant differences. 
However, ten samples per group were used, based 
on an additional 20% calculated to compensate for 
possible outlier values that might lead to sample loss.

One endodontic specialist working routinely with 
the Reciproc system for over 8 years performed all 
the clinical procedures. In the present study, 150 
first maxillary molars with four separate canals 
[mesiobuccal canal (MB1), second mesiobuccal canal 
(MB2), distobuccal canal (DB) and palatal canal 
(P)], were selected from patients seeking care for 
teeth needing endodontic treatment for curative or 
prosthodontic purposes. Patients having teeth with 
incomplete root formation, curvatures greater than 
45°, calcified canals, canals with a radiographically 
visible double curvature, and previous endodontic 
treatment were excluded from the study.

The number of times an instrument would be used 
was determined using random software available 
at www.random.org. Numbers 1 through 3 were 
used to assign instruments to cases as follows: 1: R25 
instrument, one use; 2: R25 instrument, two uses; and 
3: R25 instrument, three uses. A total of 100 Reciproc 
R25 instruments were used.
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Root canal preparation was standardized precisely, 
following the manufacturer’s directions for using 
Reciproc instruments (http://www.vdw-dental.com/
fileadmin/redaktion/downloads/presse/yared_
reciproc_concept_en.pdf). Access was obtained 
conventionally using burs and ultrasonic tips with 
sizes compatible with the volume of each pulp 
chamber. Afterward, the coronal and middle thirds 
of each root canal were prepared initially based 
on a working length (WL) estimated from the 
preoperative radiograph, without any prior glide 
path. The instrument was activated using 3 in-and-out 
movements, and was then removed, after which the 
flutes were cleaned, and the root canals were flushed 
with 5.25% sodium hypochlorite. These steps were 
repeated until the instrument reached the estimated 
working length of two coronal thirds. The WL was 
established 1 mm short of the apical foramen, by 
using a Mini Root ZX II electronic foraminal locator 
(J Morita Corp, Fushimi-ku, Kyoto, Japan). Then, the 
apical third of the root canals was prepared, repeating 
the same movement until the WL was reached. The 
instruments were driven by a VDW Silver Reciproc 
electric motor in “RECIPROC ALL” mode, and a 6:1 
handpiece (Sirona Dental Systems GmbH, Bensheim, 
Germany). Foramen patency was checked with a #10 
K-type file inserted 1 mm beyond the real length of 
the tooth, and was maintained during the entire 
root canal preparation procedure. The palatal root 
canal was complemented always using a Reciproc 
R40 instrument. 

Irrigating solution was dispensed with a 24-G 
needle (Max-I-Probe; Dentsply Tulsa Dental, York, 
USA) during access, and with a 31-G NaviTip needle 
(Ultradent Products, South Jordan, UT) when the WL 
was reached and after each instrument insertion. 
The canals were kept filled with the irrigating 
solution, which was continuously renewed. A total 
of 25 mL  NaOCl was used for each tooth during 
each procedure. 

All the instruments were observed with a 
dental operating microscope (Opmi Pico; Carl 
Zeiss, Göttingen, Germany) under 8× magnification 
after each use. The following visual criteria were 
adopted to control how many times the instruments 
were used11:

a. First-use instruments: instruments that were 
used immediately after removal from the 
original manufacturer blister, and that still 
had an intact silicone ring. After first use, these 
instruments were cleaned in an ultrasonic bath 
with an enzymatic detergent for 20 minutes. 
Afterward, they were placed in individual 
packages and sterilized by autoclaving at 134°C 
for 24 minutes.

b. Second-use instruments: instruments that were 
removed from the sterilization package and 
that still had their original silicone ring. 
Deformation of the ring from the sterilization 
process identified its second use, and required 
removal of the ring with a sterile scalpel blade, 
so that the instrument could be reused. A new 
sterilization cycle was performed after reuse, as 
previously described.

c. Third-use instruments: instruments that  were in 
the packaging without the silicone ring after 
sterilization and before reuse.

At the end of the procedure, the operator 
completed a questionnaire with information related 
to the case, including details of any fractures 
or deformities, such as fractured instruments, 
fragment size, fracture location, number of uses 
before fracture, and the success or otherwise of 
the bypass or fragment removal procedure. In 
addition, the time during which the instrument 
remained activated in each canal during root canal 
preparation and the total time needed to perform 
the root canal preparation were tabulated and 
evaluated statistically. After clinical preparation, 
instruments used once, twice or three times were 
evaluated statistically regarding their cyclic fatigue, 
torsional resistance and surface roughness. 

Cyclic fatigue test
The cyclic fatigue test was performed with 

a custom-made device. The artificial canal was 
manufactured in a tapered shape, corresponding to 
the dimensions of the instruments tested. It provided 
a suitable simulated root canal with a 60° angle 
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of curvature and 5-mm radius of curvature. The 
center of the curvature was 5 mm from the tip of the 
instrument. The upper part of the artificial canal was 
open and covered with tempered glass to prevent the 
instruments from slipping out.

Ten instruments from each group (unused, 
used once, used twice and used three times) were 
activated with a 6:1 reduction handpiece (Sirona 
Dental Systems GmbH, Bensheim, Germany) powered 
by a torque-controlled motor (Silver Reciproc; 
VDW), using the preset programs for the Reciproc 
system (‘‘RECIPROC ALL’’), as recommended by the 
manufacturer. The electric handpiece was mounted 
on a device to allow precise and reproducible 
placement of each instrument inside the simulated 
canal. All the instruments were driven following 
the manufacturer’s instructions until a fracture 
occurred. The instruments reciprocated freely within 
the simulated canal, which was filled with warm 
distilled water (37°C). The simulated canal was 
submerged in a plastic container filled with water, 
and an aquarium thermostat was submerged in the 
water a few minutes to test the water temperature 
for each instrument, until ultimately reaching the 
desired temperature (37°C). The time was recorded 
and stopped as soon as a fracture was detected 
visually and/or audibly. 

Torsional resistance behavior test
The torsional load was applied until fracture 

to estimate the mean ultimate torsional strength 
and angle of rotation of the tested instruments (n 
= 10 for each group: unused, used once, used twice 
and used three times), by using a custom-made 
device produced according to ISO 3630-1.13 The 
tests were performed at room temperature (21ºC). 
Each instrument was clamped at 3 mm from the 
tip using a chuck connected to a torque-sensing 
load cel l.  Then the shaft of the instrument 
was fastened by using an opposing chuck that 
could be rotated with a stepper motor. All the 
instruments were rotated counterclockwise at 
a speed of 2 rpm until instrument fracture. The 
torque load (Ncm) and angular rotation (°) were 
monitored continuously using a torsiometer, and 
the ultimate torsional strength and angle of rotation 

at failure were provided by a specifically designed 
computed program.

Scanning Electron Microscopic (SEM) 
evaluation

SEM (JSM 5800; JEOL, Tokyo, Japan) was used 
to analyze the fracture surfaces of all the tested 
instruments submitted to the cyclic fatigue and 
torsional resistance behavior tests, in order to observe 
the fracture mode. The instruments were cleaned in 
an ultrasonic cleaning device (Gnatus, Ribeirão Preto, 
Brazil), in distilled water for 3 minutes before SEM 
evaluation, and at 250× magnification.

Surface roughness
The roughness of the working parts of the 

new instruments and those used once, twice and 
three times was evaluated by using a New View 
7100 Profilometer (Zygo, Middlefield, CT) on 5 
instruments from each group. The New View is an 
interferometric noncontact 3-dimensional surface 
measurement system. The profiler gives ultraprecise 
3-dimensional analyses of any surface, and rapidly 
measures heights from 0.1 nm to 1.0 mm, with 
vertical resolution as low as 0.1 nm. Roughness was 
quantified at the apical, middle, and coronal thirds 
of the instruments; 3 measurements were performed 
for each third in randomly selected areas, for a 
total of 9 measurements per instrument, according 
previously published studies.14,15 The groove depth 
value for each instrument was established as the 
mean of the 9 measurements. 

Statistical analysis
Because the preliminary analysis of the raw 

pooled and isolated data revealed a bell-shaped 
distribution (Shapiro-Wilk normality test), statistical 
analysis was performed by using parametric methods 
(One-way ANOVA). Post-hoc pairwise comparisons 
were performed using the Tukey test. The alpha-type 
error was set at 0.05. SPSS 11.0 (SPSS, Chicago, USA) 
was used as the analytical tool.
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Results 

No fractures or deformations were observed in 
any of the instruments after clinical use. The time 
required to prepare each root canal, and the total time 
to prepare the entire tooth, according to each group 
of instruments (used once, twice and three times) 
are shown in Figure 1. No differences were observed 
in the time required to prepare the root canals after 
one or two uses (p > 0.05), except for the MB1 root 
canal (p <0 .05). However, a longer preparation time 
was needed during the third use of the instruments 
for all root canals (p < 0.05). 

The average and the standard deviation of the 
results obtained for the cyclic fatigue, torsional 
resistance and surface roughness evaluations are 
shown in Table. There were no significant differences 
between non-used instruments and instruments 
used in up to 3 maxillary molars, for either cyclic 
fatigue or torsional resistance tests (p < 0.05). SEM 
visual inspection of the fractured surface indicated 
similar and typical features of cyclic fatigue and 
torsional failure for all the tested groups (Figure 2). 
Regarding the roughness measurements, groove 
depth was higher for the new and one-molar used 
instruments than those used to prepare two or three 
maxillary molars (p < 0.05) (Figure 3). 

Discussion

The influence of ex vivo use on Reciproc and 
Reciproc Blue instrument properties was evaluated 
by Generali et al.12 Nevertheless, a comprehensive 
literature review found no study evaluating the 
cyclic fatigue and torsional resistance of Reciproc 
instruments after clinical use. Although the Reciproc 
system is considered a single-use instrument by its 
manufacturer, there is a strong tendency to reuse 
these instruments, especially for economic reasons. 
Recently, Bueno et al.11 demonstrated low fracture 
incidence of the Reciproc reciprocating instrument, 
even after preparing 3 posterior teeth. The fracture 
incidence found by the Bueno et al. study11 was 
similar to that of the Plotino et al. study,16 where 
Reciproc instruments were single-used. In the 
present study, even after preparing up to 3 maxillary 
molars with four root canals, no instrument fracture 
was observed. Moreover, no macroscopic signs 
of plastic deformation or spiral distortion were 
detected in any of the tested instruments. These 
results corroborate those of Bueno et al.,11 indicating 
that the Reciproc instrument can be used safely 
in up to 3 molars. 

In accordance with recent studies,6,12 a static 
model has been devised  using a custom-made  

Figure 1. Time required preparing each root canal and the total tooth (used once, twice or three times). MB- Mesiobuccal canal, 
MB2 – Second mesiobuccal, DB – Distobuccal canal, and P – Palatal canal. 
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device for cyclic fatigue  testing, in order to make 
a  direct comparison between new and used 
Reciproc instruments in a situation that can be 
standardized and reproduced. In our study, cyclic 

fatigue tests were performed at 37°C, as suggested 
by previously published studies demonstrating 
that environmental temperature significantly 
influences the cyclic fatigue behavior of NiTi 

Table. Mean and standard deviation of time to failure (s), torque (Ncm), angle of rotation (°) and surface roughness (Ra) of Reciproc 
instruments unused and with different number of times of clinical use. 

Variable
Time to failure (s)  

(n = 10 per group)

Torque (Ncm) Angle of rotation (°) Surface roughness (Ra)

(n = 10 per group) (n = 10 per group) (n = 5 per group)

New instrument 177 ± 17A 1.8 ± 0.1A 294 ± 29A 0.73 ± 0.12A

Used once 168 ± 38A 1.9 ± 0.3A 269 ± 44A 0.69 ± 0.18A

Used twice 157 ± 34A 1.7 ± 0.2A 298 ± 32A 0.40 ± 0.05B

Used three times 152 ± 23A 1.7 ± 0.1A 270 ± 18A 0.37 ± 0.05B

Different superscript letters in the same column indicate statistic differences among the groups (p < 0.05).

Figure 2. Scanning electron microscopic analysis of the tested instruments after cyclic fatigue (upside) and torsional resistance 
test (bottom). The images show 250× magnification. (A) new, unused instrument; (B) once-used instrument; (C) instrument used 
twice; and (D) instrument used three times. 

A B C D
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instruments.17,18,19 The torsional resistance behavior 
test used in the present study was recommended 
by ISO 3630-1.13 Torsional resistance behavior was 
performed at room temperature (21ºC). The reason 
was based on a previously published study that 
showed no differences in the torsional behavior 
of conventional or martensitic NiTi instruments, 
whether performed at 21ºC or 37ºC.15 In the present 
study, torque was applied counterclockwise, 
according to the direction of the Reciproc spiraling 
flutes. Moreover, continuous rotation was used to 
measure the ultimate torsional strength. It could 
be argued that this is not in accordance with the 
clinical use of Reciproc instruments. However, it is 
important to underscore that an instrument showing 
higher torque values during torsional tests should 
have better clinical durability against repetitive 
torsional stresses. In addition, asymmetrically 
reciprocating kinematics has a final rotary result, 

and is therefore vulnerable to torsional stress. 
It is important to point out that the final rotary 
result is much more complex than a simple rotary 
motion, as used in the torsional resistance test, thus 
representing a possible limitation of the method. 
The results of the present study also revealed that 
clinical use did not influence the cyclic fatigue or 
torsional resistance of the Reciproc instruments. 
Therefore, the first and second null hypotheses 
tested were accepted. Previous studies showed 
that cyclic fatigue20,21 and torsional  resistance22 
significantly declined after simulated clinical use, 
a result not in accordance with the present results. 
These differences could be explained mainly 
by two important improvements made in the 
Reciproc system. First, Reciproc is activated using 
reciprocating kinematics. This technique is known 
to improve the lifespan of endodontic instruments 
per se,5,8 since it minimizes the stress on the 

Figure 3. Instrument surface morphology obtained by interferometry. (A) new, unused instrument; (B) once-used instrument; (C) 
instrument used twice; and (D) instrument used three times. 
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instrument by reversing the rotation direction, and 
maintains the instrument deformation below the 
pseudoelastic limit. Moreover, Reciproc instruments 
are manufactured with M-Wire NiTi alloy, which 
is more resistant to cyclic fatigue and torsional 
resistance than the conventional NiTi alloy.7,14,23,24 It 
is noteworthy to mention that the Reciproc system 
tends to reduce the time to fracture after each 
clinical use of the instrument (Table). Although 
no statistical differences were observed between 
the tested groups, it can be inferred that the 
greater the number of times the instrument is used 
clinically, the shorter the time until it fractures 
from cyclic fatigue. Based on these results and 
in anticipation of further studies, it should be 
stressed that safety protocols for the reuse of NiTi 
endodontic instruments should be developed. 

SEM has been widely used to examine changes 
in the surface of NiTi instruments after use.25,26 
However, this method only provides 2D topographic 
images that preclude quantitative examination and 
statistical comparison. In contrast, surface roughness 
is evaluated using a profilometer of 3D images 
that enables quantitative data to be obtained.15,27 
This is the reason why this method was chosen 
to evaluate how clinical use influences surface 
modification of Reciproc instruments. According 
to the results obtained in the present study, there 
was no difference in the surface roughness of new 
Reciproc instruments and Reciproc instruments 
used in one maxillary molar. However, groove depth 
was lower in Reciproc instruments after preparation 
of two or three maxillary molars. Therefore, the 
third null hypothesis was rejected. Several previous 
studies using an atomic force microscope (AFM) 
have demonstrated that clinical use might increase 
the surface porosity of an instrument.28,29  The 
AFM has a tip that is attracted or repulsed by the 
sample surface, unlike the roughness assessed 
by interferometry, which uses optical systems 
that completely exclude any physical contact. The 
differences in the findings for AFM28,29 and SEM25,26  
can be attributed to the nature of the methods. It is 
reasonable to suppose that use of the instrument 
leads to wear of the finishing surface due to friction 
with dentin, thus reducing surface roughness. 

Another aspect is that dentin can accumulate on 
surface defects even with ultrasonic cleaning, thus 
causing a smoother surface effect.30

Regarding the time used to prepare root canals, 
the results clearly indicate that more time was 
needed to complete root canal preparation during 
the third use. These results can be explained by 
the decrease in the cutting ability of Reciproc 
instruments after two clinical uses followed by 
two autoclave sterilization procedures. Although 
this increase in root canal preparation time did not 
affect the cyclic fatigue or the torsional resistance 
results, it may be the first sign of deterioration of the 
instrument, possibly related to a more imminent risk 
of instrument fracture. Thus, use of the instrument 
more than the 3 times tested in the present study 
would not seem advisable. 

To the best of the authors’ knowledge, this is the 
first study that evaluated cyclic fatigue, torsional 
resistance and roughness in a clinical scenario, in 
contrast to other studies that evaluated the properties 
in a simulated clinical setting.19,20,21 It is important 
to emphasize that, although root anatomy is very 
diverse, an effort was made to standardize the 
samples of this study, in order to isolate the variables 
of interest, and thus reduce the number of biases. 
The inclusion criteria used in the present study 
did not take into account more complex anatomies, 
such as sharp curvatures or long teeth. It might be 
difficult to correlate the findings of laboratory tests 
with a clinical situation, because of the number of 
variables acting together to result in the fracture 
of the instrument. Nevertheless, it is important 
to assess the mechanical properties of endodontic 
instruments in order to provide the clinician with 
valid and more conclusive information.

Conclusion

Based on the results of the present study, it can be 
concluded that the clinical use of Reciproc instruments 
increased preparation time and decreased instrument 
surface roughness. However, clinical use did not 
affect the cyclic fatigue and torsional resistance of 
Reciproc instruments.
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