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Abstract
Introduction: the fracture of an instrument is a major concern among dental surgeons in clinical practice because it can compromise 
the prognosis of endodontic treatment in cases with a periapical lesion. This study aimed to evaluate the influence of operator 
experience on the fracture strength of Reciproc R25 instruments when used on extracted molars. Methodology: Only extracted 
maxillary and mandibular molars with angulation between 30º and 45º were selected. Ten Reciproc R25 files, 25mm, were driven on 
the VDW Silver motor in the “RECIPROC ALL” mode used by odontology undergraduate students, and 10 Reciproc R25 files, 25mm, 
were driven on the VDW Silver motor in the “RECIPROC ALL” mode used by experienced endodontists. The teeth were instrumented up 
to the apical foramen in all canals. The canals were irrigated with saline solution. Thus, we analysed the durability of the instruments 
until the fracture occurred. The data were statistically analysed using the Student’s t-test, with significance considered when P < 0.05. 
Results: a total of 132 teeth and 410 root canals were instrumented. We observed that Reciproc R25 instruments, when operated 
by inexperienced operators, fractured after use in 19.3 ± 4.7 canals, and when operated by experienced professionals, fractures 
occurred after preparation of 21.7 ± 5.5 canals (P> 0.05). The mean number of instrumented teeth was 6.2 and 7.0 for the operators 
with little experience and the experienced professionals, respectively (P>0.05). Conclusion: we concluded that operator experience 
did not influence the fracture rates of Reciproc R25 instruments.
Keywords: Endodontics, Root Canal Preparations, Root Canal Therapy.

Resumo
Introdução: a fratura de um instrumento é uma grande preocupação entre os cirurgiões-dentistas na prática clínica, pois pode 
comprometer o prognóstico do tratamento endodôntico em casos com lesão periapical. Este estudo teve como objetivo avaliar a 
influência da experiência do operador na resistência à fratura de instrumentos Reciproc R25 quando utilizados em molares extraídos. 
Metodologia: foram selecionados apenas molares superiores e inferiores extraídos com angulação entre 30º e 45º. Dez limas Reciproc 
R25, de 25 mm, foram conduzidas no motor VDW Silver no modo “RECIPROC ALL”, utilizado por alunos de graduação em Odontologia, e 
10 limas Reciproc R25, de 25 mm, conduzidas no motor VDW Silver no modo “RECIPROC ALL”, utilizado por endodontistas experientes. Os 
dentes foram instrumentados até o forame apical em todos os canais. Os canais foram irrigados com solução salina. Assim, analisamos 
a durabilidade dos instrumentos até a ocorrência da fratura. Os dados foram analisados ​​estatisticamente pelo teste t de Student, 
sendo considerado significativo quando P < 0,05. Resultados: foram instrumentados 132 dentes e 410 canais radiculares. Observamos 
que os instrumentos Reciproc R25, quando operados por operadores inexperientes, fraturaram após o uso em 19,3 ± 4,7 canais, e 
quando operados por profissionais experientes, a fratura ocorreu após o preparo de 21,7 ± 5,5 canais (P > 0,05). A média do número 
de dentes instrumentados foi de 6,2 e 7,0 para os operadores com pouca experiência e os profissionais experientes, respectivamente 
(P > 0,05). Conclusão: concluímos que a experiência do operador não influenciou as taxas de fratura dos instrumentos Reciproc R25.
Palavras-chave: Endodontia; preparos de canal radicular; terapia de canal radicular.

INTRODUCTION
The preparation step of the root canal is a critical 

stage that enables the subsequent steps to be performed 
properly, increasing the chances of success. The chem-
ical-surgical preparation aims to clean the root canal 
system and shape the main canal1.
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The instrumentation of root canals, which is clas-
sically performed with manual stainless-steel files, has 
been replaced by mechanised instrumentation using 
composite alloys of NiTi that have characteristics of 
pseudo-elasticity (super-elasticity) and the shape mem-
ory effect. The concept of mechanised instrumentation 
emerged intending to make the endodontic treatment 
easier and more efficient, with the possibility of fewer 
accidents such as deviations or perforations2, besides 
promoting the reduction of clinical time and generat-
ing greater comfort for both the professional and the 
patient.

The rotary systems can operate with either clockwise 
rotary movements or reciprocating movements, driven 
by specific motors with torques and speeds tailored 
to each system. The reciprocating motion introduced 
in 2008 by Yared3 aims to reduce cyclic fatigue of the 
instrument due to the less stress caused by the relief 
motion in the opposite direction to the cutting direction. 
The reciprocating movement always operates below the 
elastic limit of the instruments, providing them with a 
higher resistance to cyclic fatigue compared to contin-
uous rotation4-8.

Even with the advantage of greater resistance to 
cyclic fatigue and knowing that the fracture rate has 
decreased in recent years9, this type of accident can 
still occur mainly due to overuse. The fracture of an 
instrument is a major concern among dental surgeons 
in clinical practice because it can compromise the prog-
nosis of endodontic treatment in cases with a periapical 
lesion10,11.

Although there is no relation between fracture and 
instrument reuse12, we still have no consensus about 
the safe number of uses for each system. Similarly, we 
cannot reach a consensus regarding the influence of 
operator experience on the fracture of reciprocating 
instruments due to the absence of studies addressing this 
issue. Thus, this study aimed to evaluate the influence of 
operator experience on the number of uses of Reciproc 
R25 files when used in mesial and distal root canals of 
mandibular molars.

METHODOLOGY
The current research was approved by the institu-

tional Research Ethics Committee with the number CAAE 
56443216.1.0000.5049.

Sample Selection
Twenty 25 mm Reciproc R25 files were used on 

mandibular molars with mesial roots with curvatures 
between 30° and 45°, according to Schneider’s classifi-
cation (1971), with two independent conduits and 1 or 2 
roots in the distal canal. Teeth were extracted for reasons 
unrelated to this study. The number of teeth was defined 
only at the end of the experiment due to the different 
fracture moments of each instrument.

Root canal access and preparation
The pulp chambers were accessed with diamond 

spherical burs at high rotation and copious cooling. 
Then, the root canals were located and explored using 
hand files type K #10 until their visualisation through the 
apical foramen, thus determining the working limit at 1 
mm below the anatomical foramen.

Twenty new instruments were divided into two 
experimental groups: (IN) – Inexperienced group with 
five subjects with no previous experience with the Re-
ciproc system (undergraduate students), and (EX) – The 
experienced group with five subjects who had previous 
experience with the Reciproc system (endodontists with 
more than 10 years of clinical experience).

There was no prior cervical preparation, and instru-
mentation was started only after the Glide Path was es-
tablished with a #15 K-type file in the root canals. Mesial 
and distal root canals where an instrument equal to or 
greater than a #20 K-type was initially positioned at the 
working length were excluded from the experiment.

The instrumentation was performed with the aid of 
the VDW Silver motor in the “RECIPROC ALL” mode. Each 
tooth was instrumented with only one instrument. During 
instrumentation, the root canals were irrigated with 
2 mL of 1% sodium hypochlorite solution (NaOCl). The 
instrument was cleaned after each sequence of pecking 
movements in the cervical, middle and apical thirds.

Instrument fracture analysis
After instrumentation of the first tooth, with no in-

strument fracture occurring, new teeth were sequentially 
instrumented with the same file until fracture occurred.

For each instrument, the number of uses until frac-
ture, the location of fracture, and the fragment size were 
measured using a digital pachymeter and tabulated.

Statistical Analysis
The data were statistically analysed by the t-Student 

test, with a significance level of P < 0.05.

RESULTS
A total of 132 mandibular molars and 410 root canals 

were instrumented. There was no statistically significant 
difference (P > 0.05) due to the operator’s experience. The 
fractures of Reciproc R25 instruments, when operated by 
inexperienced operators (IN group), occurred on average 
after the use in 19.3 ± 4.7 canals, and when operated 
by experienced professionals (EX Group), the fractures 
occurred on average after the preparation of 21.7 ± 5.5 
canals (Table 1). The mean number of teeth instrumented 
was 6.2 and 7.0 for the operators with inexperience and 
the experienced professionals, respectively (Table 2).

Concerning the average length of the fractured 
fragment, no influence of the operator’s experience was 
observed (P>0.05), as shown in Table 3.
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Table 1 – Mean, standard deviation (SD), maximum and 
minimum values of instrument root canals during the 
experiment.

Files Mean SD Minimum Maximum
Inexperienced 10 19.3a 4.7 12.0 24.0
Experience 10 21.7a 5.5 11.0 32.0

Equal superscript letters indicate no statistically significant difference 
(P>0.05).
Source: research data

Table 2 – Mean, standard deviation (SD), maximum and 
minimum values of instrument teeth during the experiment.

Files Mean SD Minimum Maximum
Inexperienced 10 6.2a 1.6 4.0 8.0
Experience 10 7.0a 1.8 3.0 11.0

Equal superscript letters indicate no statistically significant difference 
(P>0.05).
Source: research data

Table 3 – Mean, standard deviation (SD), maximum and 
minimum values of the lengths of the fractured fragments (in 
mm) after the fracture.

Files Mean SD Minimum Maximum

Inexperienced 10 4.23a 0.83 3.50 5.60

Experience 10 4.60a 1.19 2.20 6.00

Equal superscript letters indicate no statistically significant difference 
(P>0.05).
Source: research data

We observed that the instruments fractured more 
frequently in the MV canals compared to the ML canals, 
and no instrument fracture was observed in the distal ca-
nals. Table 4 shows the absolute quantity and percentage 
of the location of the canals where instrument fracture 
occurred. We also observed that 70% of the instruments 
were fractured in the apical third and 30% in the middle 
third, with no difference in fracture level between the 
operators (P < 0.05).

Table 4 – Absolute quantity and percentage (in parentheses) of 
canals where instruments fractured instruments.

Canal
Operator

Mesiobuccal Mesiolingual Distal Total

Inexperienced 7 (70.0) 3 (30.0) 0 (0.0) 10 (100.0)
Experience 6 (60.0) 4 (40.0) 0 (0.0) 10 (100.0)

Source: research data

DISCUSSION
The pseudo-elasticity property of NiTi instruments 

justifies their use in the root canal preparation phase 
with a lower incidence of accidents during the shaping 
of curved or atrophic canals13,14.

When we employ recrystallising heat treatment, 
it is possible to enhance the physical and mechanical 
properties of NiTi. Thus, Gambarini et al.15 (2011) pro-
ved that flexibility and resistance to cyclic fatigue were 
increased in NiTi instruments when applied to certain 
heat treatments. Shen et al.16 (2013) demonstrated that 
with heat-treated Niti instruments, resulting preparations 
showed adequate cleaning and shaping with decreased 
canal transportation and step formation. The choice of 
the Reciproc instrument was due to the flexibility of the 
heat-treated NiTi alloy called M-Wire.

Besides the super-elasticity property, the drive 
motion greatly influences the cyclic fatigue resistance 
of the instruments. Introduced by Yared3 in 2008, the 
reciprocating movement is shown to be more efficient 
in reducing instrument cyclic fatigue due to less stress 
caused by the relief movement in the opposite direction 
to that of the cut4-8.

Thus, reciprocating instrumentation becomes safer 
for both the operator and the patient, and can be used 
by inexperienced clinicians due to its low incidence of 
fractures, ranging from 0.13% to 0.93%17-20.

The complexity of the internal dental anatomy, es-
pecially the root curvatures in upper and lower molars, 
induces factors in the preparation that, if not controlled, 
produce undesirable technical results such as transports, 
step formation, and even perforations and fractures of 
the instruments.

In this study, the choice of mesial roots of lower mo-
lars is due to their anatomy, in which they usually have, 
in the apical third, a double curvature not always visible 
radiographically21; thus, there is a higher occurrence of 
instrument fracture in this dental group17, 19, 20, 22, 23.

The results of the number of mesial roots instrumen-
ted by experienced (EX) or inexperienced (IN) operators 
were 7.0 ± 1.8 and 6.2 ± 1.6, respectively (Table 2). Hen-
ce, validating results obtained by Bueno et al. 19 (2020) 
who showed that although manufacturers of Reciproc 
recommend a single-use, reusing has become common, 
particularly in certain less favourable socioeconomic 
settings19, 24-26 restricted to 3 times.

Although studies have used experienced opera-
tors12,19 or resident students from specialisation courses20, 

22, this study used undergraduate students with no pre-
vious experience with mechanised instrumentation in the 
IN group. This demonstrates that the use of heat-treated 
NiTi reciprocating and rotary instruments, without prior 
training, can be employed with similar levels of safety as 
those provided by more experienced operators.

In the analysis of the fractured fragments, regarding 
size, the averages found were 4.23 ± 0.83 mm for the IN 
group and 4.60 ± 1.19 mm for the EX group (Table 3). 
Although we found no difference between the expe-
rimental groups in this study, the values resemble the 
results obtained by Caballero-Flores et al. 20 (2019) where 
47% of the fractures had sizes close to 5mm. Regarding 
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location, in the EX group, 70% of the fragments were in 
the apical third, these results being in agreement with 
previous works that showed a high incidence of fractures 
located in the apical third in 82.7%22 (Iqbal et al. 2006) 
and 74%20. In the IN group, 70% of the fragments were 
located in the apical third, and 30% were located in the 
middle third. This higher incidence in the middle third 
can be inferred from the force exerted by the operator 
during the instrumentation movement.

Similar to the results of Caballero-Flores et al.20 (2019) 
who had the majority of fractures in mesiobuccal canals 
(63,3%) using operators with some experience (residents), 
the fractures in this study also happened mostly in me-
siobuccal canals in 60% of the roots for both experienced 
(EX) and inexperienced (IN) operators.

Recently, Gavini et al.27 (2022) observed suitable 
results in endodontic treatments performed by under-
graduate students using Reciproc files and a single-cone 
obturation technique. Instrument fractures occurred in 
only 0.81% of endodontic treatments. They observed 
that instruments separated more often after the second 
or third use.

Ideally, NiTi instruments have been designed for 
single use. However, in some regions in the World that 
have greater economic difficulty, clinicians should choose 
the endodontic instruments that promote security during 
root canal preparation and that present suitable efficacy, 
minimising accidents, such as file separation. So, Reciproc 
files represent interesting instruments to be used by ge-
neral clinicians with performance similar to endodontists.

CONCLUSION
Based on the present results, we can conclude that 

operator experience did not influence the number of uses 
of the Reciproc R25 instruments.
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