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Abstract 

Objective: To evaluate the effect of number of uses, angle and radius of curvature and type of instrument on the 
fracture of ProTaper rotary instruments when used by undergraduate students.
Study design: Three hundred and seventy-six molars, with a total of 1114 root canals, extracted were instrumented 
by undergraduate students using ProTaper instruments according to the manufacturer´s recommendations. When 
fracture occurred, data were collected concerning the number of uses, type of instrument, level of fracture, angle 
and radius of curvature. ANOVA test were used to determine the influence of type of instrument in the incidence 
of instrument fracture. Logistic regression model was used to determine the influence of number of uses, angle and 
radius of curvature in the incidence of instrument fracture. Significance was set at p< 0.05.
Results: A total of 37 Ni-Ti rotary instruments fractured during the treatment. Fracture occurred in 9.84% (37/376) 
of the teeth treated and 3.32% of the canals prepared with Ni-Ti rotary instruments (37/1114). A decrease in the 
radius of curvature of the canal significantly increased the likelihood of fracture (p=0.0001). Instrument fracture 
significantly increased as the number of uses increased (p=0.0037). No significant differences were found between 
the 6 types of ProTaper instruments (p=0.8). A reduction in the angle of curvature did not produce a significant 
decrease in the incidence of instrument separation (p=0.08).
Conclusions: The results of this study imply that instrument fracture is linked to radius of curvature and number 
of uses.
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Introduction
Canal shaping is a critical part of endodontic treatment 
because it influences the outcome of the treatment (1).
The advent of nickel-titanium (Ni-Ti) rotary instrumen-
tation has revolutionized root canal treatment by reduc-
ing operator fatigue, preparation time, and procedural 
errors associated with root canal instrumentation (2). 
However, there is a potential risk of rotary Ni-Ti instru-
ments fracturing within the canals (3).
Fracture of instruments used in rotary motion may oc-
cur either by torsion or by cyclic fatigue. Torsional frac-
ture occurs when an instrument tip or another part of 
the instrument is locked in a root canal while the shank 
continues rotating. When the torque exerted by the hand-
piece exceeds the elastic limit of the metal, tip fracture 
becomes inevitable (4). 
The phenomenon of repeated cyclic fatigue may be an 
important factor in instrument separation. When instru-
ments are placed in curved canals, they deform and un-
dergo stress. Half of the instrument shaft on the outside 
of the curve is in tension, whereas the half on the in-
side is in compression (5). Consequently, each rotation 
causes the instrument to undergo one complete tension-
compression cycle. Various factors have been associated 
with the fracture of Ni-Ti rotary instruments: number of 
uses, rotational speed, angle and radius of curvature (6), 
instrument design, instrumentation technique, torque, 
excessive apical force during instrumentation (7) and 
operator experience (8). The influence of operator expe-
rience has been assessed in several studies that showed 
training or experience was necessary to minimize the 
incidence of instrument separation (8,9). Mandel et al. 
(9) assessed the effect of the operator on ProFile® ro-
tary Ni-Ti instrument fracture. The results suggested that 
more instruments failed during the ‘learning period’ than 
during the “application period”.
ProTaper® Ni-Ti instruments (Dentsply Maillefer, Bal-
laigues, Switzerland) have been introduced with unique 
designs of variable tapers, convex triangular cross-sec-
tions, and non-cutting tips. According to the manufac-
turer, a progressively tapered instrument system reduces 
instrument fatigue and breakage potential. It has been 
reported the advantages of rotary preparation with Ni-Ti 
instruments over hand preparation. But the risk of in-
strument fracture is the main problem inherent in rotary 
instrumentation by inexperienced operators (10). How-
ever, the factors influencing the fracture of ProTaper® 
rotary instruments in root canal treatment performed by 
inexperienced students have not been widely studied. To 
our knowledge no study has been published on ProTa-
per® files fracture in undergraduate operators. 
This study aimed to evaluate the capability of third-year 
dental students with no endodontic experience to use the 
ProTaper® System (Dentsply Maillefer) on extracted 
teeth, in order to determine the incidence of instrument 

fracture based on: number of uses, type of instrument, 
and angle and radius of curvature.

Material and methods
One hundred and fifty-eight maxillary molars and 218 
mandibular molars, with a total of 1114 root canals were 
used in this study (4 molars per student). Those molars 
whose apices were not completely closed, those that had 
root resorption, root fracture or extensive caries were 
excluded.
Root canal treatments were performed by 94 third year 
dental students with no experience in endodontics. The 
students received eight hours of theory on Ni-Ti and 
stainless-steel files, instructions of use (K-files, ProTa-
per instruments), cyclic fatigue and torsional fracture 
causes and how to minimize instrument fracture. 
Ninety-four of new ProTaper® NiTi rotary instruments, 
each containing SX, S1, S2, F1, F2 and F3 files, were 
used. Each operator received 1 set. The students were 
told to follow the manufacturer´s instructions and to 
consult their teachers if they had any doubts (6 students 
per teacher).
The apical third of the root was embedded in wax while 
the root was encased in a mixture of plaster and sawdust.  
After the mixture had set, it was cut out in the form of 
a block and two radiographs (Mesio-distal and bucco-
lingual) were taken. 
Standard access opening was made using round burs 
and Endo-Z burs (Dentsply/Maillefer, Ballaigues, Swit-
zerland). The entrance to each canal was located with 
an endodontic explorer and a size 10 K-file was placed 
into the canal to verify canal patency.  A size 15 K-file 
was placed into the root canal to determine the work-
ing length (WL). A customized jig was designed with 
silicone (Optosil P Plus® HERAEUS KULZER, Hanau, 
Germany) that provided a reproducible position for the 
digital dental X-ray sensor and for alignment of the 
cone. Two digital radiographs (Mesio-distal and bucco-
lingual) were taken with Kodak Dental Digital 6100 and 
the WL was established 1 mm short of the radiographic 
apex.
Radiographs were transferred to AutoCad 2008 (Au-
todesk Inc, San Rafael, CA USA) and the angle and 
radius of curvature of each root canal was determined 
following the methodology of Pruett et al. (6) (Fig. 1).
Instrumentation sequence
The root canal that had already been enlarged to a size 20 
K-file was progressively instrumented with ProTaper® 
instruments. S1 was advanced to resistance but no more 
than two thirds of the canal depth. Then, the SX file was 
advanced to resistance to move the coronal aspect of the 
canal away to improve radicular access. This was fol-
lowed by using S1 and then S2 to working length. The 
other files were used in the following sequence, and all 
were advanced to working length: S2, F1, F2, and F3, 
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Type of instrument
The percentages of instrument fracture according to type 
of instrument are shown in Table 1. No significant di-
fferences were found between the 6 types of ProTaper® 
instruments (p=0.8) in the incidence of instrument frac-
ture.

but the F3 did not always reach the working length. All 
instruments were used in an endodontic electric motor 
(Tecnika digital motor ATR, Pistoia, Italy) Following 
the manufacturer’s instructions.
During mechanical instrumentation root canals were 
irrigated with 4% NaOCl The instruments were wiped 
clean after each use, and then examined. Instruments 
that exhibited deformations were discarded and replaced 
with new ones.
When an instrument fracture occurred a radiograph was 
taken to confirm the fracture and the following informa-
tion was recorded: type of ProTaper® instrument, level 
of separation and number of uses before failure. The in-
strument was replaced when the fractures occurred.
ANOVA test were used to determine the influence of 
type of instrument in the incidence of instrument frac-
ture. Chi-square test was used to compare the incidence 
of instrument fracture for each root canal third. Logistic 
regression model was used to determine the influence 
of number of uses, angle and radius of curvature in the 
incidence of instrument fracture. Significance was set at 
p < 0.05.

Results
Incidence of instrument separation
A total of 37 Ni-Ti rotary instruments fractured during 
the treatment. Fracture occurred in 9.84% (37/376) of 
the teeth treated and 3.32% of the canals prepared with 
Ni-Ti rotary instruments (37/1114).

Fig. 1. Determination of the angle and radius of curvature of the root 
canal. Method of Jonh Pruett et al. (6): (a) start and the (b) end of 
the canal curvature. (r1) radius of the curvature.

Type of 
instrument

Number of fractu-
red instruments

Percentage of fractu-
red instruments (%)

S1 9 24.32
Sx 6 16.21
S2 5 13.51
F1 5 13.51
F2 6 16.22
F3 6 16.22
TOTAL 37 100

Table 1. Separation for type of instrument

Number of uses
In the current study, the authors tracked the number of 
teeth instrumented, instead of number of canals.  Instru-
ment fracture significantly increased as the number of 
uses increased (p=0.0037) (Table 2). In the present study 
was observed a marked increase in instrument fracture 
after shaping 2 molars.

Angle of curvature
The percentages and probability of instrument fracture 
according to angle of curvature are shown in Table 3. 
A reduction in the angle of curvature did not produce a 
significant decrease in the incidence of instrument sepa-
ration (p=0.08).

Use 1 Use 2 Use 3 Use 4
Separations n = 37 4 5 10 18
% of total separations 10.81% 13.51% 27.03% 48.65%

ANGLE

Number 
of root ca-
nals with 
this angle

Number 
of fractu-

red instru-
ments

Percentage 
of fractu-

red instru-
ments (%)

Probabi-
lity

0 – 10º 474 4 10.81 0.008
10 – 20º 63 2 5.41 0.03
20 – 30º 286 17 45.95 0.05
30 – 40º 220 8 21.62 0.03
40 – 50º 53 3 8.10 0.05
50 – 60º 10 1 2.70 0.1
60 – 70º 4 1 2.70 0.25
70 – 80º 4 1 2.70 0.25

Table 2. Fracture frequency according to number of uses of ProTa-
per® instruments.

Table 3. Percentage and probability of instrument fracture according 
angle of curvature.

Radius of curvature
Instrument fracture significantly increased as the radius 
of curvature decreased (p=0.0001) (Table 4). 
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Level of fracture
Of the 37 instruments fractured, 31 (83.78%) fractured 
in the apical third, 2 (5.40%) in the middle third, and 4 
(10.81%) in the coronal third of the canals. Chi-square 
test revealed instrument fracture was more likely to oc-
cur in the apical third than in the coronal and middle 
third (p=0.0001).

Discussion 
Many authors have reported the advantages of rotary 
preparation with Ni-Ti instruments over hand prepara-
tion, for both experienced and inexperienced operators. 
But the risk of instrument fracture is the main problem 
inherent in rotary instrumentation by inexperienced 
operators (10). In this study extracted teeth were used 
because simulated canals in resin blocks do not repro-
duce the action of the instruments in root canals, due to 
differences in the surface texture, hardness and cross-
sectioning. Glide path was created up to 20 K-file to WL 
before using ProTaper® instruments since manual pre-
flaring of the root canal has been reported to increase the 
number of uses of the S1 instrument before failure, since 
manual pre-flaring drastically reduced torsional stress as 
the canal width becomes at least equal to the diameter of 
the instrument tip used (11).
In this study, there were a total of 37 (9.84%) fractured 
instruments from 376 molars instrumented by students 
with no experience in rotary instrumentation. These 
findings differed to those obtained by Di Fiore et al. 
(12). Di Fiore et al. (12) reported the incidence of ro-
tary file fractures in molars instrumented by endodontic 
residents was 2.74%. This difference could be due to the 
fact that operator experience is an important factor when 
evaluating the frequency of fracture (9). Mandel et al. 
(9) observed that when other factors such as canal geom-
etry, instrument speed, and sequence were maintained as 
constants, operator skill seemed to be an important cause 
of instrument fracture. These authors (8,9,13) found that 
the effect of operator experience was the most consistent 
and predictable parameter in instrument fracture. These 
findings are supported by Parashos et al. (13), who re-
ported that the operator was the most important influ-
ence on defect rates of Ni-Ti instruments.
Wolcott et al. (5) observed that the F3 file demonstrated 
the highest frequency of fractures. These results may be 
explained by Grande et al. (14) and Inan et al. (15), who 
observed that cycles to failure decreased as the instru-
ment volume increased. In the present study, however, 
the S1 demonstrated the most fractures, with 9 of 37 

(24.32%). These differences could be put down to the 
fact that Wolcott et al. (5) enlarged coronal third canals 
with Gates Glidden and SX ProTaper® instruments be-
fore using the S1 instrument. But the present study cor-
roborates Peng et al. (16), who observed that 38% of all 
discarded files were S1 instruments. The S1 instrument 
is used two times, instead of the single use for other in-
struments of the ProTaper® system. Logically, it is more 
likely to suffer from wear or damage; indeed, the manu-
facturer suggests that this instrument should be replaced 
more frequently. 
In this study, canal curvatures were classified according 
to the method described by Pruett (6). This method was 
used because it has been widely applied and cited as a 
standard for classifying root canal curvatures in numer-
ous studies (17,18). The fatigue of an instrument may be 
related to the degree of flexure it undergoes when placed 
in a curved root canal (17). The present research shows 
instrument fracture significantly increased as the radius 
of curvature decreased. These findings concur with those 
obtained by several authors (6,17) who observed that fa-
tigue life of Ni-Ti rotary instruments was significantly 
influenced by the radius of curvature. Zelada et al. (17) 
reported that radius of curvature was the most impor-
tant factor in instrument fracture, and in canals with a 
small radius of curvature the risk of instrument fracture 
was greater. A reduction in the radius of curvature simi-
larly reduces the instrument’s ability to resist torsional 
forces (19). Hence, it was not surprising to find that most 
of the instruments in the present study fractured in the 
apical third where canals usually curve (20). These find-
ings corroborate Iqbal et al. (20) who observed that the 
probability of instrument fracture in the apical third was 
more likely than in the coronal third and middle third.
The angle of curvature, however, was not a factor that in-
fluenced instrument fracture significantly, a fact, which 
contradicts the findings of other studies in which the an-
gle was found to be significant (6,18). The discrepancy 
might be explained by the different methodologies used 
in the different studies (6,17,18). 
In this research study, instrument fracture significantly 
increased as the number of uses increased. Reduction in 
the remaining fatigue life of used instruments is a com-
mon characteristic of the rotary Ni-Ti endodontic files, 
as previously reported by several authors for a number 
of instrument types (18,21). Patiño et al. (18) observed 
that the number of uses was the variable that was most 
significantly correlated with instrument fracture. Con-
sequently, the discarding of the Ni-Ti instruments after 
a certain number of clinical uses is recommended (20). 

However, there is no consensus in the literature concern-
ing a recommended number of uses of rotary Ni-Ti in-
struments, which varies from 1 to 27 canals, with a mean 
of approximately 11 canals (21). In the present study was 
observed a marked increase in instrument fracture after 

Radius of curvature Number of fractured instruments
0 – 3 mm 20
3 – 6 mm 14
6 – 9 mm 2
+ 9 mm 1

Table 4. Fracture frequency according to radius of curvature.
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shaping 2 molars. This suggests that although new in-
struments can fracture at their first canal use, those that 
are used for 3 or more molars may have a higher prob-
ability for fracture. Therefore, it can be concluded from 
these differing findings that the number of uses of rotary 
Ni-Ti instruments will depend on a number of variables 
including instrument properties, canal morphology, and 
operator skill (13).

Conclusions
The results of this study imply that instrument fracture 
is linked to radius of curvature and number of uses.
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