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Abstract

Introduction: The purpose of this study was to
compare peak torque and force between ProTaper Uni-
versal (PTU) and ProTaper Next (PTN) instruments
during the preparation of large and small root canals
in extracted teeth. Methods: Twelve maxillary incisors
and each independent canal of 6 mesial roots of
mandibular molars were randomly assigned to be pre-
pared with a new set of either PTU or PTN instruments
after a glide path was achieved. A total of 12 new sets of
each instrument system were used. The tests were run in
a standardized fashion in a torque-testing platform.
Peak torques (Ncm) and force (N) were registered; anal-
ysis of variance and Tukey post hoc tests were then
applied. Results: Among instruments in the same
sequence, no significant differences in peak torque
and force were found among PTN instruments when
shaping small or large root canals, but some PTU instru-
ments showed statistically lower peak torque and force
(P < .01) than others for both types of canals. Whereas
PTU instruments showed significant differences in peak
torque and force (P < .05) between large and small root
canals, PTN instruments showed significantly lower
force (P < .04) in large canals, but peak torque was
not significantly different for upper central incisors or
mesial mandibular root canals. Conclusions: Under
the conditions of this study, instruments in ProTaper
Next set showed greater regularity in peak torque for
small and large canals than ProTaper Universal instru-
ments. (J Endod 2014;40:973–976)
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One of the most important advancements of the 1980s in the field of preparation of
root canals was the development of nickel-titanium (NiTi) endodontic instruments

(1). They have become popular because of their greater flexibility, their cutting ability,
and their more rapid and centered root canal shaping (2–4). However, they tend to
unexpectedly break by flexural fatigue or torsional failure. Flexural fatigue is caused
by the alternating tension-compression cycles to which they are subjected when flexed
in the maximum curvature of the canal and rotated, and torsional failure occurs when
the tip of the instrument binds, but the shank of the instrument continues to rotate (5).

During the past decades the development of NiTi rotary instruments with different
approaches has occurred. Manufacturers have changed cross-sectional designs and
geometrical properties of NiTi rotary instruments, but the latest strategies are focusing
on the improvement of the conventional NiTi alloy. Subtle changes in the ratio of the
elements (nickel and titanium) and in heat treatment during or after manufacture
allowed the development of instruments with better fracture resistance (6–14).
M-Wire (Sportswire LLC, Langley, OK) is a new, more flexible alloy that has been
reported to increase the resistance to cyclic fatigue by almost 4-fold (13); however,
torsional resistance of M-Wire or other thermally treated alloys does not appear to
be significantly improved (15–20).

Previous studies have reported that the torque induced by a rotary instrument dur-
ing root canal shaping dependsmainly on the amount of contact between the instrument
and the canal walls, the apical force applied to the instrument, the diameter of the in-
strument, and the volume of the canal (21–23). Dynamic torque of instruments made
with different manufacturing methods or new treated alloys have been previously
analyzed (24–26). However, the benefits in dynamic torsional behavior of
instruments made of M-Wire compared with conventional NiTi have not been
thoroughly studied.

ProTaper Universal (PTU) (Dentsply Tulsa Dental, Tulsa, OK) is a well-described
NiTi rotary system of instruments manufactured with progressive taper over the length of
the cutting blades, convex triangular cross sections, and noncutting tips. Recently,
ProTaper Next (PTN) (Dentsply Tulsa Dental) was introduced; this instrument is
made from M-Wire alloy, and its design features include variable tapers and an
off-centered rectangular cross section.

As per directions for use, clinicians should take all instruments in both series,
except ProTaper SX, passively to working length after preparing a glide path (27, 28).
Instruments that use such a concept of a single length technique are supposed to
require a higher torsional strength; this is likely due to the greater stress originating
from greater contact of the active surface of the instrument with the root canal walls
(22). Despite the similarity in the operation of both systems, the different cross sections
of the instruments could affect the stress distribution pattern and the torsional behavior
(29, 30).

Currently, usage parameters for PTN are established beyond manufacturer’s
recommendations, which are 300 rpm and torque preset between 2 to 5.2 Ncm, but
independent data in this regard are scarce (31). For safe and effective clinical applica-
tion, more specific knowledge of the best torque recommendations for different canal
anatomies is desirable. In fact, currently there are no data available on torque and force
during canal preparation with PTN compared with PTU during canal preparation in
teeth. Therefore, the aim of this study was to compare baseline torque and force
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between PTU and PTN instruments during the preparation of large and
small human root canals.

Materials and Methods
Twelve extracted single-rooted maxillary incisors and 6 mandib-

ular molars with 2 independent canals in the mesial root were selected
from the department’s pool of extracted teeth. They were stored in 0.1%
thymol and decoronated to obtain similar working lengths, and digital
radiographs were taken. Canals were negotiated with a #10 K instru-
ment in the presence of Glyde (Dentsply Maillefer, Ballaigues,
Switzerland). When the tip of the instrument was visible through the
main foramen, 0.5 mm was subtracted to determine working length.
Glide path shaping was achieved in all canals with Pathfile (Dentsply
Maillefer) instruments #1 (0.13 mm at the tip, 0.02 taper) and #2
(0.16 mm at the tip, 0.02 taper). The apical thirds of the roots were
covered with wax, and the specimens were mounted on scanning elec-
tron microscopy stubs (014001-T; Balzers Union AG, Balzers,
Liechtenstein).

Six maxillary incisors (I) were randomly assigned to 1 of the 2
different groups. Group 1I was shaped with PTU with the following
sequence: S1, S2, F1, F2, F3, F4, F5. Group 2I was shaped with PTN
with the following sequence: X1, X2, X3, X4, X5, all taken to working
length.

Similarly, each independent canal of the same mandibular molar
mesial root (M) was randomly assigned to 2 different groups. Root ca-
nals in group 1Mwere shaped with PTU with the following sequence: S1,
S2, F1, F2, F3 and in group 2M with PTN with the following sequence:
X1, X2, X3.

The same endodontist with 15 years of experience in rotary canal
instrumentation (A. A.) shaped all root canals. Tap water delivered after
each instrument through a 27-gauge needle acted as the irrigant. No
effort was made to enlarge canal orifices previous to the action of the
rotary instruments. Each canal preparation was performed with a
new set of instruments. Thus, a total of 12 new sets of PTU and 12 of
PTN were used.

The tests were run in a standardized manual fashion in a torque-
testing platform, which has been described in detail earlier (32). The
bench was configured to determine torque and force during canal prep-
aration that was accomplished via 4 insertions per instrument. Peak tor-
ques (Ncm) as well as positive peak forces (N) were registered by using
the custom-made ENDOTEST software package and collected for off-line
analysis.

Data for peak torque as well as peak force were found to be
compatible with normal distribution, and standard deviations of
subgroups were similar. Results were analyzed with analysis of variance,
and when appropriate, Tukey post hoc tests were used to compare
subgroups.

Results
In the course of the study, one X1 instrument fractured in a small

root canal, and a plastic deformation after use was detected through
visual inspection for another X1.

Shaping of small and large root canals resulted in specific patterns,
as illustrated in real-time torque and force curves (Fig. 1).

Mean values of peak torque (Ncm), force (N), and standard
deviations for each instrument and type of root canals are shown in
Table 1. The first set of analyses examined differences in peak torque
and forces between the instruments for each system in large or small
canals independently. There were no significant differences in peak
torque and force among the 3 different PTN instruments (X1/X2/X3)
when shaping small root canals or between the 5 (X1/X2/X3/X4/X5)
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when shaping large root canals. However, there were significant
differences in both peak torque (P < .001) and force (P = .01) among
PTU instruments when shaping large canals and in peak torque (P <
.001) when shaping small canals. In small canals, S2 and F1 showed
significantly lower peak torque than S1 and F2, and these were signif-
icantly lower than F3. In large canals, S1 showed significantly higher
torque than the rest of the instruments. S2 and F1 showed significantly
lower force, and F5 showed the significantly highest force.

Then torque and force for different root canal sizes were compared
in relation to the two for each instrument type. PTU instruments showed
significantly lower peak torque (P< .05) and force (P# .01) values for
large compared with small root canals; an exception was S1, where force
was also significantly lower when shaping small root canals (P = .02),
but peak torque was higher (P = .002). Conversely, PTN instruments
showed significantly lower force (P < .04) in large canals, but peak
torque was not significantly different for upper central incisors or mesial
mandibular root canals.
Discussion
This study set out to assess differences in peak torque and force

between a widely used rotary system (PTU) and a recently developed
one (PTN) when preparing large and small root canals in extracted
teeth.

Both systems have some similarities, for example, the clinical strat-
egy (ie, single length technique) and the variable taper along the active
cutting blades. Therefore, it was expected that comparable peak torque
and force would be generated during preparation of similarly sized root
canals. Generally, a higher peak torque and force are expected when
root canals are shaped with a single length preparation technique
because of the greater contact of the instrument with the walls of the
root canal (21, 22).

On the other hand, PTN has been designed with a different cross
section and M-Wire NiTi alloy. It is well-known that cross section affects
the torsional behavior of instruments (29, 30). The off-centered cross
section may induce different patterns of forces and torques because of
the asymmetric contact of the instrument and the dentin.

Dynamic torque and force of different instruments have been
previously analyzed in plastic blocks with this same device (22, 24,
33). Two rotary systems with different cross sections have also been
tested in the same device but in human dental roots, the radial
landed ProFile instruments (32) and the non-radial landed PTU
(21). In this study, a third system with a new non-radial landed and
off-centered cross section is tested. Such a modification in the cross
section should involve a reduction of the contact area with the canal
and therefore in the cutting efficiency and torsional loads (34).

In this study, some instruments in the sequence that the manufac-
turer recommends for PTU were found to induce significantly lower tor-
que and force than those used before or after them, whereas all
instruments in the PTN sequences developed similar force and torque.
An example of this situation is S2, which needed 18% of the mean peak
torque and 57% of the mean force that S1 induced to reach working
length. These results are consistent with those of previous studies that
analyzed PTU torsional behavior (21).

A possible explanation for this finding might be that whereas each
of the files in PTN sequence played an effective role in shaping the canal,
some instruments of the PTU set were not essential in taking the next file
to working length. These findings further support the idea of a potential
simplification in the sequence of PTU instruments. In fact, reducing the
number of instruments needed to shape root canals is one of the
strategies that manufacturers are implementing in the development of
new rotary systems.
JOE — Volume 40, Number 7, July 2014



Figure 1. Real-time torque and force curves of PTU (S1 and S2) and PTN (X1 and X2) rotary systems in small and large canals.
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Another interesting finding was that there were no statistical differ-
ences between PTN and PTU instruments in peak torque and force
developed to shape small canals, but there were differences when
shaping large canals. It is likely that the new off-centered design of
PTN cross section allowed the smallest instrument X1 to have less con-
tact with the canal walls in large canals where there is more space for the
different movement in a root canal. However, several of the larger-size
PTN instruments produced more force, probably because fewer instru-
ments are part of the sequence.

Interestingly, no differences in peak torque were found between
PTN instruments when shaping small and large canals. In agreement
with a previous study (21), PTU instruments in the present experimental
conditions showed variable torsional behavior, depending on the type of
root canal instrumented. This finding suggests that because of the inno-
vative features of PTN instruments, the torque required to reach work-
ing length is less dependent on the characteristics of the root canal.

Recently, differences in peak torque were found among PTN
instruments when shaping plastic block canals with different settings
(31). In fact, X2 showed higher torque than the other instruments.
This rotary also showed the highest torque and force in the present
study, although the results were not statistically significant.
JOE — Volume 40, Number 7, July 2014
Cutting of dentin is different than cutting plastic; however, torque
values obtained during canal preparation with radial landed instru-
ments in plastic blocks with curved canals were similar to those in hu-
man mandibular incisors in an earlier study (32). There are 2 different
possible explanations for the differences in the results of these 2 studies
in which the same device was used to test the instruments. On the one
hand, there is no evidence that a non-radial landed instrument, for
example PTN, needs similar torques to cut plastic than dentin. On the
other hand, in the study by Pereira et al (31), instruments were reused,
whereas in the present study a new set of instruments was used to pre-
pare each canal. Previous studies with different rotary systems had
already demonstrated that the torsional profile was affected significantly
when instruments were reused (17, 25).

One PTN instrument, specifically X1, fractured when shaping a
small canal; however, this fact should be interpreted with caution. In
devices that are used to study the torsional profile of endodontic instru-
ments, samples are rigidly secured in both endings (the teeth and the
instrument), not allowing any other movement than the vertical
in-and-out advancement of the instrument. In a clinical situation, the
hand of the practitioner can change the direction of the instrument
following the natural anatomy of the root canal system.
Torque and Force Induced by ProTaper Next and ProTaper Universal 975



TABLE 1. Mean (�standard deviation) of Peak Torque and Maximum Force
(n = 6 per Group)

System Instrument

Large canals Small canals

Torque
(Ncm)

Force
(N)

Torque
(Ncm)

Force
(N)

PT Next X1 2.5 � 0.8 6 � 2.8 2.6 � 0.3 17.1 � 3.6
X2 3.5 � 0.8 7.3 � 1.7 3.7 � 0.5 19.6 � 3.4
X3 2.5 � 0.5 6 � 1.4 2.9 � 0.4 16.4 � 2.4
X4 2.8 � 0.4 6.2 � 1.1
X5 2.9 � 0.2 6.1 � 0.9

PTU S1 6.1 � 0.8 7.9 � 0.8 2.5 � 0.2 16.5 � 2.8
S2 1.1 � 0.2 4.5 � 1.05 2.2 � 0.4 13.6 � 2.4
F1 1 � 0.3 4.4 � 0.8 2 � 0.1 10.1 � 1.5
F2 2 � 0.4 7 � 0.7 3.2 � 0.1 15.4 � 1.9
F3 2.6 � 0.5 5.9 � 0.4 3.8 � 0.2 16.8 � 3.1
F4 1.7 � 0.3 6.4 � 0.9
F5 2.6 � 0.5 9.4 � 1.7

Basic Research—Technology
In vitro studies of the torsional profiles of instruments with inno-
vative characteristics are recommended to suggest more accurate direc-
tions for use. Within the limitations of this in vitro study, the results
suggest that the different instruments in PTN sequence showed greater
regularity in peak torque than those in PTU shaping protocol in large
and small root canals.
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