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ABSTRACT

This study explored dental students’ perfor-
mance (quantitative data) and perceptions
(qualitative data) on canal preparation with Ni-
Ti rotary vs. hand instruments and discussed
interactions between technical findings and
students’ insights. A mixed methods design
was used. Each student (n=20) instrumented
two canals using hand K-files and two canals
using ProTaper Universal® rotary Ni-Ti in-
struments. Participants had no previous expe-
rience with rotary instrumentation but were
familiar with hand instrumentation. Quantita-
tive data: apical transportation, working time
for instrumentation and procedural errors were
statistically analyzed. Qualitative data (stu-
dents’ perceptions) were collected and percep-
tions were identified from interview contents
using thematic analysis. Lower level of apical
transportation,  fewer  procedural errors
(ledge/perforation/blockage), and a longer
working time were associated with rotary in-
strumentation. Working time was shorter in
the second canal instrumented with both tech-
niques. Perceptions associated with hand in-
strumentation were: better domain and prac-
tice/confidence due to the students being used

to the hand technique. Ni-Ti rotary instrumen-
tation perceptions were: good initial expecta-
tions before its use, perceptions of doubts and
difficulties concerning workability right after
its first use, and increase in confidence after its
second use in a second canal. It was concluded
that: (i) students show a cautious attitude to-
wards rotary instrumentation; (ii) confidence
increases after rotary instrumentation of the
second canal; (iii) students show good expec-
tations in terms of optimizing root canal treat-
ment with rotary instrumentation and they
think it would be possible after some training;
and (iv) Ni-Ti rotary instrumentation should be
included in the undergraduate curriculum of
dental schools.

Descriptors: Dental education. Students’ per-
ception. Mixed methods research. Endodon-
tics. Root canal shaping.

1 INTRODUCTION

Despite the proven superiority of nick-
el-titanium (Ni-Ti) rotary instruments in rela-
tion to the stainless steel hand technique to
clean and shape root canals?, traditionally
endodontic treatment has been performed with
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stainless steel hand files.> Some authors have
suggested that this gap between research and
clinical practice probably reflects the fact that,
very often, manual techniques continue to be
taught at some dental undergraduate pro-
grams.* Paradoxically, the well-known limita-
tions of stainless steel hand endodontic in-
struments may contribute to the technical dif-
ficulties faced by students in the academic
setting ® and negatively impact their success
rate in treating root canals during their practice
both as students® and also after graduation’.

Especially in developing countries, the
unfavorable arguments against hand instru-
mentation techniques, added to a high demand
of patients requiring root canal treatment®,
should stimulate a solid incorporation of new
technologies at the dental undergraduate level,
aiming to improve student knowledge and
consequently benefit the population. As re-
ported by Molander et al.°, we can hypothesize
that Ni-Ti rotary instruments could be safely
prioritized in the undergraduate dental curricu-
lum and could substantially improve the quali-
ty of root canal preparation, particularly when
performed by inexperienced students. In this
regard, authors have claimed that the scientific
evidence available is not sufficient to justify
the still prevailing opinion that dental students
should become competent in the use of hand
files before they start to use rotary files.'°

The contributions of the literature fo-
cusing on Ni-Ti rotary root canal preparation
are strongly based on anatomical considera-
tions. The majority of scientific publications
are in vitro studies that have described, for
example, reduced levels of apical transporta-
tion'!, as a result of the improved properties of
Ni-Ti instruments®2. In addition, some authors
have addressed the relationship between the
shaping ability of Ni-Ti instruments and opera-
tor’s technical experience. In particular, over
the past few years, a number of studies have
shown that, when using Ni-Ti instruments,

even novice operators can shape root canals at
a lower risk of procedural errors, greater
preservation of tooth structure, and a shorter
working time when compared with hand in-
strumentation®191314 Despite the relevance of
these data for the teaching-learning process in
endodontics, the low level of evidence gener-
ated by in vitro studies precludes a direct ex-
trapolation of findings to the clinical patient
care setting. In addition, in the field of Ni-Ti
rotary instruments, there is an evident disre-
gard of dental students’ opinions, neglecting
their role as key elements in the construction
of knowledge and in academic discussions>®,
In an attempt to give voice to students’ views
about academic topics, some studies have used
the mixed methods approach!’. This method-
ology is relatively new in dentistry, and it aims
to combine quantitative and qualitative anal-
yses to shed light on issues that cannot be un-
veiled using only statistical analysis. In quali-
tative research, the investigator has the possi-
bility to interpret human subjectivity, trying to
understand the subjects’ expectations and feel-
ings®. In this sense, the mixed methods ap-
proach provides strengths that offset the weak-
nesses of quantitative and qualitative research
used alone®®.

To date, the assessment of students’
perceptions in relation to canal preparation
performed with Ni-Ti instruments has been
lacking®®. In particular, to our knowledge, no
mixed methods research has been published on
the topic. Therefore, the aims of the present
study were to assess instrumentation variables
(students” performance, quantitative phase)
and to explore students’ perceptions (qualita-
tive phase) on canal preparation with Ni-Ti
rotary instruments in comparison with hand
stainless steel instruments, using a mixed
methods approach. Interactions between quan-
titative and qualitative data are discussed, with
a focus on potential improvements for under-
graduate dental education.
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2 METHODS
2.1 Subject selection and study design

The study was approved by the local
ethics committee. All subjects signed an in-
formed consent form before their inclusion in
the study. As part of the informed consent pro-
cess, students were assured that their identities
would remain anonymous, that participation
was voluntary, and that participation or refusal
at any time would not have any effect on their
undergraduate dental program or grades.

All last-year dental students enrolled at
a Brazilian Dental School were considered
eligible and invited to participate. Among
these, 20 students were randomly selected
(from July to December 2012) to comprise the
final sample. Student selection was performed
as follows: each student who agreed to partici-
pate in the study received a number; these
numbers were placed in an opaque, sealed en-
velope; 20 numbers were drawn and the corre-
spondent student was contacted to participate
in the study.

The present investigation used a mixed
methods design. Quantitative data (apical
transportation, working time required for in-
strumentation, and procedural errors) were
collected after analysis of resin blocks simulat-
ing root canals that had been instrumented by
the students. Qualitative data were collected
through individual semi-structured interviews
conducted with the same students who partic-
ipated in the quantitative
phase.

The students attended a 1-hour theoret-
ical lecture, delivered by the main investigator,
where the study objectives were explained and
the use of the electrical motor and Ni-Ti rotary
instruments was taught. The participants had
never been in contact with rotary instrumenta-
tion before. A demonstration of how to in-
strument the resin blocks simulating canals
was conducted by the main investigator soon
after the theoretical lecture, and the instrumen-

tation protocol was given to each student in
print. Hand instrumentation was not addressed
in this lecture because all students were famil-
iar with it, i.e., they had training with resin
plastic blocks, extracted human teeth, as well
as, working with patients in the clinical prac-
tice. Each student had completed the root canal
treatment in 5 teeth, on average, previously to
be included in this study.

2.2 Quantitative phase

The simulated canals used in this study
had 40 degrees of curvature, 8 mm of radius
and 18 mm of total length (10 mm straight and
8 mm curved). Each participant (n=20), indi-
vidually, instrumented four simulated canals:
two using manual stainless steel K-files
(namely first and second - hand) and two using
ProTaper Universal® rotary Ni-Ti instruments
(namely first and second - Ni-Ti rotary). First-
ly, two canals were instrumented with hand
files and, after an interval of 20 minutes the
two canals remaining were instrumented with
rotary Ni-Ti instruments.

As a result, a total of 80 simulated ca-
nals were instrumented (40 hand and 40 Ni-Ti
rotary). Sample size was based on a previous
study that investigated anatomical features of
root canals in vitro.!!

Canal Instrumentation

Plastic blocks canals were instrumented
under constant irrigation/aspiration with 2.5%
sodium hypochlorite. Canal negotiation was
performed using a #10 manual K-file. Work-
ing length was determined using the visual
method, i.e., 1 mm shorter of the end of the
canal. For hand instrumentation, the crown-
down technique was adopted, starting with a
#45 hand K-file on the cervical third and pre-
paring the canal to working length up to a #30
K-file (master file), according to the technique
proposed and currently used in the university’s
curriculum. Rotary instrumentation was per-
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formed using the ProTaper Universal® system.
Ni-Ti instruments were mounted on an E6AR
handpiece (NSK, Tokyo, Japan) attached to an
Endo Pro-Torque motor (Driller, Sdo Paulo,
Brazil) at 300 rpm and 2 N.cm torque. ProTa-
per Universal® S1 and Sx instruments were
advanced into the straight part of the canal.
Subsequently, root canals were instrumented
to working length using the ProTaper Univer-
sal® instruments in the following sequence:
S1,S2, F1, F2, and F3.

Apical Transportation

Plastic blocks canals were photo-
graphed before and after instrumentation. To
ensure consistent photographs, an L-shaped
wooden platform was manufactured and al-
lowed positioning the canal perpendicular to
the camera (Canon XS 1000D, Melville, NY,
USA). Images were obtained in both buccolin-
gual (BL) and mesiodistal (MD) projections
for each canal, resulting in a total of 320 imag-
es (160 before and 160 after instrumentation).
Each image received a code containing infor-
mation on instrumentation status (before or
after instrumentation), student number (from 1
to 20), instrumentation technique (hand or Ni-
Ti rotary), and preparation sequence (first or
second canal instrumented). Images were
transferred to a computer and stored in JPEG
format.

Pairs of images of the same canal were
superimposed using Adobe Photoshop version
7.0 (Adobe Systems, Seatlle, USA). Layers
were created, the image corresponding to the
instrumented canal was colored, and its opaci-
ty reduced. At 1, 2, 3, and 4 mm from the end
of the canal, the ruler tool was used to measure
the distance, in millimeters, between the two
outer limits of the canal wall, in both BL and
MD projections. Apical transportation was
measured independently by two examiners
blind to instrumentation technique and was
defined as the difference in mm between the

instrumented canal and the anatomical canal
for each side of the curvature. A zero value
meant absence of transportation.

Working Time Required for Instrumentation

Time required to complete instrumenta-
tion was recorded for each simulated canal by
the main investigator. Time required for in-
strument change and irrigation was also in-
cluded in the total time.

Procedural Errors

Procedural incidents, such as ledges,
blockages, perforations, and instrument frac-
tures, were independently recorded by the
same examiners who assessed apical transpor-
tation.

2.3 Qualitative phase

Before the beginning of this phase,
guiding interview questions were created and
applied to two dental students to assess the
convenience and applicability of the questions
and to validate them. Following this pilot test,
one-on-one, face-to-face semi-structured inter-
views (n=20) were conducted by the main in-
vestigator, lasting for about 45 minutes each.
A semi-structured interview guide, containing
questions about the students’ perceptions on
the use of Ni-Ti rotary instrumentation, was
developed and used to conduct the interviews.
Interviews were conducted right after each
student had finished instrumentation of the
four simulated canals (quantitative phase). The
importance of the true expression of percep-
tions, without fear or embarrassment, was em-
phasized to the students. All interviews were
audio-recorded and transcribed verbatim for
analysis. Transcription was done within a 10-
day period aiming to recall the atmosphere of
the interview and avoid interpretation bias.

2.4 Data analysis
Students’ performance on both tech-
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niques was assessed based on apical transpor-
tation, time required to complete instrumenta-
tion and procedural errors. These features were
assessed twice by each examiner, and intra-
and inter-examiner agreement data were ana-
lyzed using intraclass correlation coefficient.
Apical transportation associated with each
instrumentation technique (hand and Ni-Ti
rotary) was compared using Mann-Whitney’s
test. Because of the normal distribution of da-
ta, the Student t test was used to compare
working time required for instrumentation
with each technique. The Student t test for
paired samples was used to compare the work-
ing time between the first and second canal
instrumented by the same operator. Finally,
Fisher‘s exact test was used to assess statistical
associations between procedural errors and
hand vs. Ni-Ti rotary instrumentation. All sta-
tistical analyses were performed using the Sta-
tistical Package for the Social Sciences (SPSS)
version 10.0 (LEAD Technologies, Inc., Chi-
cago, IL, USA). Significance was set at p <
0.05.

Students’ perceptions identified in the
interviews were analyzed using thematic anal-
ysis as proposed by Bardin®®. The analysis
comprised the following steps: i) pre-analysis;
ii) content encoding (codes); iii) classification
of codes into categories; and iv) inference. In
other words, first, repeated readings allowed
the creation of pre-thematic groups; afterwards
codes were isolated from the text. Code is de-
fined as a sentence or word that specifically

explained the coded fragment. Subsequently,
the codes were organized into a more general
level named categories. Categories are sen-
tences using words that provide meaning for
the event being narrated into a more general
level. Secondly, codes and categories were
quantified and clustered into the two previous-
ly created broader pre-thematic groups; these
groups were refined and gave the emergence
of two themes (namely, hand and Ni-Ti rotary
instrumentation). Lastly, the interpretation
phase included searching, in all data corpus,
for convergences and divergences among
codes and categories to extract the students’
perceptions on instrumentation with both tech-
niques.

Interpretation of the study findings was
based on the results of quantitative and quali-
tative strands, i.e., both statistical and textual
analyses. Interactions between the two types of
data are discussed. That is, our study followed
a “convergent parallel” design: a type of
mixed methods design where quantitative and
qualitative data collection and analysis are
independent, yet they are conducted concur-
rently at the same study phase®®. The results
were then compared and related to each other
to provide a better understanding regarding the
use of endodontic instruments by the students.
Figure 1, adapted from Creswell, Clark®,
shows the three phases of the study.
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Figure 1 - The three phases of the present study, using the “convergent parallel” design, a type of mixed methods
research [figure adapted from Creswell, Clark (29)]. (*QUAN=quantitative, *QUAL=qualitative)
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3 RESULTS

Analysis of apical transportation and
procedural errors revealed adequate intra- and
inter-examiner agreement rates (intraclass cor-
relation coefficient, p > 0.05). Overall, quanti-
tative data showed a lower level of apical
transportation and a longer working time asso-
ciated with Ni-Ti rotary instrumentation when
compared with hand instrumentation. Working
time was shorter in the second canal instru-
mented with both techniques. Tables 1, 2, and
3 show the results obtained for apical transpor-
tation, mean time required for preparation, and
procedural errors associated with hand and Ni-
Ti rotary instrumentation.

When assessing the data retrieved from
the interviews, it was possible to distinguish
two different perceptions regarding the worka-
bility of Ni-Ti rotary instruments, namely be-
fore and after using them. Before the experi-
ment, the majority of the students (n=16, 80%)
thought that Ni-Ti rotary instrumentation
would be easier and faster. After the experi-
ence, however, there was an inversion in the
students’ opinions: 75% (n=15) reported that
the hand technique had been easier.

Therefore, when focusing on the stu-
dents’ perceptions regarding the canal instru-
mentation experience, two thematic groups

were extracted from the interviews: 1) percep-
tions regarding their experience soon after
preparation of the first canal with the Ni-Ti
rotary system; and 2) perceptions emerging
later in the interviews, i.e., regarding the
whole experience.

The former thematic group was ex-
pressed by two utterances: 1a) hand instru-
mentation is easier (codes: training and cogni-
tion; categories: training improves tactile feel-
ing/sensitivity and confidence, better feeling
about what she/he is doing, more used to the
technique, better domain of mental cognitive
map due to daily practice); and 1b) there are
technical difficulties of using Ni-Ti rotary in-
strumentation in relation to hand instrumenta-
tion (codes: training, cognition, and equip-
ment; categories: lack of confidence, lack of
practice, lack of cognition, lack of synesthesia,
interposition of the motor handpiece during
instrumentation, treadle-controlled torque re-
versal).
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Table 1 - Mean + standard deviation (mm) of apical transportation associated with hand and Ni-Ti rotary instrumentation in different sides of the canal curvature and photogra-
phic projections at 1, 2, 3, and 4 mm from the end of the canal

Apical location Photographic Outer side of curvature Inner side of curvature
(mm) projection Hand Rotary Ni-Ti p Hand Rotary Ni-Ti p

1 BL 0.005+0.010 0.011 +0.022 0.280 0.010+0.012 0.004 +0.008 0.014*
MD 0.167 + 0.094 0.070 + 0.051 0.000** 0.000 + 0.000 0.005 + 0.033 0.317

) BL 0.008 +0.012 0.011+0.016 0.699 0.017 £ 0.017 0.010+0.014 0.066
MD 0.112 + 0.056 0.044 + 0.022 0.000** 0.029 + 0.036 0.018 + 0.030 0.163

3 BL 0.016 + 0.016 0.012 +0.016 0.244 0.024 +0.021 0.015 +0.020 0.017*
MD 0.034 +0.030 0.024 + 0.024 0.101 0.081 +0.048 0.046 + 0.039 0.001**

. BL 0.036 + 0.028 0.025 +0.022 0.052 0.030 +£0.022 0.015+0.023 0.001**
MD 0.023 + 0.027 0.027 + 0.031 0.596 0.113 +0.049 0.054+ 0.035 0.000**

Statistically significant differences between the groups: Mann-Whitney’s test, *p < 0.05, **p < 0.01. BL = buccolingual; MD = mesiodistal

Table 2 - Mean time (minutes) required for preparation of simulated canals: comparison between hand and Ni-Ti rotary instrumentation and between first and second canal

Sequence of preparation Instrumentation technique o

Hand Rotary Ni-Ti p
First canal 6.83+3.41 8.54+£242 0.004*
Second canal 5.06 + 1.87 533+1.84 0.000*
p 0.004* 0.001*

Lines: Statistically significant differences between instrumentation techniques: *Student’s t test, p < 0.01

Columns: Statistically significant differences between first and second instrumented canal: *Student’s t test for paired samples, p <0.01

Table 3 - Frequency (n) and percentage (%) of procedural errors associated with hand and Ni-Ti rotary instrumentation

Instrumentation technique

Procedural errors Hand Ni-Ti Rotary p

n % n % %
Instrument fracture - - 1 2.5 1.3 1.000
Canal ledge and/or perforation 14 35.0 - - 175  0.000**
Canal blockage 21 525 11 21.5 40.0 0.020**

Statistically significant differences between instrumentation techniques: Fischer’s exact test, *p < 0.05, **p <0.01
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These perceptions can be observed in the
following utterances:

“Hand instrumentation is easier, because
I have had the theory in my mind for a
long time already...”

“I think you can only have that tactile feel-
ing when you are in direct contact with
the file, when you can feel it, touch it.”

“When you use the rotary system, it

moves by itself, all you need is to hold it,
that’s how | felt it.”

“l did not have much... much tactile feel-
ing... I did not have the same feeling that |
had with the hand instrument.”

“It slides through, goes by itself, gives you
a strange tactile sensation, you know.”
“Not being able to feel where the instru-
ment was going... | had the impression
that it was going to perforate the canal,
go straight ahead, not making the curva-
ture; at this point I was afraid of using ro-
tary instrumentation, afraid that it
wouldn’t work out.”

A cognitive and psychomotor conflict
(uncertainty) on the part of the students was
observed by the inquirer. This qualitative find-
ing is addressed by one student in the utterance
below:

“Even though I felt better during hand in-
strumentation, | think the Ni-Ti rotary sys-
tem may lead to a better result... I can’t
tell... It seems that the rotary system
moves on its own, perhaps it will result
better... No, I can’t tell yet.”

The second thematic group was also ex-
pressed by the two following utterances: 2a)
there are many advantages of using Ni-Ti rotary
technique in relation to the hand technique
(codes: training and technique; categories: con-
fidence, stress reduction, fatigue reduction,
speed, simplicity, flexibility, no need to pre-
bend instruments); and 2b) we are aware of
technical difficulties of Ni-Ti rotary instrumen-
tation in relation to hand instrumentation

(codes: theoretical knowledge, equipment, and
simulated canals; categories: ignorance of in-
strument sequence, lack of equipment domain,
difficulty determining the amount of pressure
applied to handpiece, high degree of canal cur-
vature, friction on the acrylic resin of simulated
canals).

Even though the students thought that
the Ni-Ti rotary technique was simpler, they
were aware of the challenge associated with the
use of a new technique. Interestingly, an in-
crease in confidence was identified soon after
Ni-Ti rotary instrumentation of the second ca-
nal. These perceptions were manifested as fol-
lows:

“The equipment does it all for you, you
know, you don’t have to do the quarter-
turn movement, for example, the pres-
sure... it seems that the rotary system
gives you more freedom, you know, you
just have to let it do its job.”

“In the beginning | felt a lot of difficulty
with the Ni-Ti rotary system. But after |
got the hang of it, my tactile sensitivity
was so much improved! ... and you do not
have to be changing instruments all the
time!”

“I believe that, after training, Ni-Ti rotary
instrumentation will result better than
hand instrumentation.”

“With a little training, the benefits of rota-
ry instrumentation will exceed those of
hand instrumentation, based on my first
experience.”

“... but the second canal instrumented us-
ing the rotary system... | think it looks
good!”

“The second simulated canal that I in-

strumented with the rotary system was a
little easier. | believe that practice pro-
gressively makes Ni-Ti rotary instrumen-
tation easier in comparison with hand ins-
trumentation.”

“Now, in the second canal, the rotary sys-
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tem became easier. Maybe if | had the
chance to instrument a third canal, it
would be faster... Using it has made me
feel more confident.”

“But if it were possible to take two people
with the same expertise in both the hand
and the rotary techniques, I think the rota-
ry system would result better.”

“It seems that with practice it will become
simpler, easier, and faster!”

Other perceptions identified in the inter-
views included a wish to have learned and used
Ni-Ti rotary instrumentation since the beginning
of their educational clinical activities, and good
expectations regarding the final anatomical
quality of the canal prepared and a shorter
working time.

“We were remembering that when we
were in the pre-clinic discipline (labora-
tory) we needed a whole semester to in-
strument four teeth, and today we did the
same number of canals in two or three
hours...”

“The cost of rotary instrumentation is
compensated by the time saved while us-
ing the technique.”

“The rotary technique should be intro-
duced as part of the undergraduate pro-
gram, not only in theory, but perhaps as
an optional discipline.”

“It is not for 100% of the students, but for
those with a different tactile sensitivity,
for those who like endodontics, | think it
would be really useful.”

“All universities should offer this type of
technology to their students. ... If I had not
used rotary instrumentation here [in this
study], I would graduate without learning
it... And, if someone asked me about it, I
would have no idea about what it was. It’s
an absurd, in fact.”

4 DISCUSSION

Considering that every effort is welcome
to improve the teaching-learning process in the
academic setting, we claim that students’ per-
ceptions are a key element in the construction of
that improvement. The present study was moti-
vated by the view that there is room for peda-
gogical improvement in dental schools, and also
by the current absence of a mixed methods re-
search designed to explore interactions between
findings resulting from canal instrumentation in
vitro and students’ insights.

Our main findings can be summarized as
follows: 1) there was a lower amount of apical
transportation at 1, 2, 3, and 4 mm from apex
and fewer procedural errors
(ledge/perforation/blockage) with Ni-Ti rotary
instrumentation when compared to hand instru-
mentation; 2) working time was longer in canals
instrumented with the Ni-Ti rotary technique; 3)
working time was shorter during instrumenta-
tion of the second canal in each group; 4) hand
instrumentation was referred to be easier and
associated with better domain, practice, and
confidence, due to the students being used to the
technique; 5) Ni-Ti rotary instrumentation was
associated with good initial expectations, but
rose perceptions of doubts and difficulties con-
cerning workability soon after its first use, be-
cause of lack of cognition and synesthesia, lack
of equipment domain, and, especially, lack of
practical training; 6) confidence increased after
instrumentation of the second canal with the Ni-
Ti rotary system, as expressed in the following
expressions: stress reduction, speed, simplicity,
practical training as a way to improve confi-
dence; and 7) students felt an urgent need to
include Ni-Ti rotary instrumentation in the un-
dergraduate curriculum.

Results from the quantitative strand and
perceptions identified in the qualitative strand
will now be taken together and discussed based
on the premise that the combined use of numer-
ical data and open-ended approaches can pro-
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vide a better understanding of research prob-
lems than the use of either approach alone?®.

Interestingly, the perceptions identified
soon after preparation of the first canal with Ni-
Ti rotary instrumentation indicated that the stu-
dents preferred the hand technique. This finding
reveals a conflict between the existence of a
well-established mental cognitive map in rela-
tion to the hand technique (which is traditionally
performed by students as part of their academic
program over a 2-year period), and an alteration
of their kinesthetic sense while working with
Ni-Ti rotary instruments (it was their first con-
tact with this technique). The students’ lack of
theoretical and practical background in Ni-Ti
rotary instrumentation led to uncertainty, which
is understandable as they were dealing with a
totally new situation.

Despite this confidence in hand instru-
mentation, hand-instrumented canals had worse
quality than those shaped using Ni-Ti rotary
instruments. The students’ familiarity with the
stainless steel hand technigue did not avoid pro-
cedural errors, resulting in a higher amount of
apical transportation at the four locations ana-
lyzed, 35% of ledge and/or perforations, and
52.5% of canal blockage, values significantly
higher than those obtained with Ni-Ti rotary
instrumentation. The better results found in ca-
nals instrumented with the rotary system are, at
least in part, supported by the improved proper-
ties of Ni-Ti alloys, which result in anatomical
advantages during root canal preparationt?*?,
From a different standpoint, it is important to
note that the amounts of apical transportation
found with both techniques are probably insig-
nificant from a clinical point of view. Also, in
our study, only one ProTaper Universal® F2
instrument fractured, similarly to the report by
Tu et al.?! Therefore, the low frequency of in-
strument fracture, one of the main reasons why
rotary systems are not indicated for novice stu-
dents®!3, does not seem to be a reasonable ar-
gument against the use of Ni-Ti rotary instru-

ments at the preclinical or clinical undergradu-
ate level in dental education.

Another finding of our analysis refers to
the longer time required to complete rotary in-
strumentation when compared to the hand tech-
nique; these differences were statistically signif-
icant for both the first and the second canals
(first - hand: 6.83 min, first - Ni-Ti rotary: 8.54
min; second - hand: 5.06 min, second - Ni-Ti
rotary: 5.33 min). This result contrasts with oth-
er studies that have reported shorter preparation
times with rotary instruments among novice
dental students'®!3!4 This difference can prob-
ably be explained by several methodological
differences between the studies. First of all,
those previous studies assessed different groups
of operators and systems/techniques. Peru et
al.1%, for example, assessed three groups of stu-
dents, each using a different system/technique
(hand: 17.3 min, GT system: 5.29 min, ProTa-
per: 6.1 min). Gluskin et al.**, in turn, assessed
the same group of students using hand files
(23.2 £ 9.0 min) in one mesial canal of mandib-
ular molars and the GT™ rotary technique (5.9
+ 3.1 min) in the other. Our result of a longer
time associated with Ni-Ti rotary instruments is
also likely to reflect the feelings of uncertainty
expressed in some categories (lack of confi-
dence, lack of equipment domain, friction on the
acrylic resin of simulated canal, etc.).

Finally, the longer time required to use
Ni-Ti rotary instrumentation seems to reveal a
cautious, prudent attitude towards the new tech-
nique. Students mentioned many advantages of
Ni-Ti rotary instruments, including simplicity,
smooth handling, stress reduction, as well as
potential improvements in canal anatomical
features and canal cleaning. However, despite
these advantages, they were conscious of the
challenges and difficulties that were going to be
faced, e.g., the need to have a deep theoretical
understanding of the Ni-Ti rotary system chosen
for use in clinical practice and extensive practi-
cal training. The feeling that arose was of re-
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sponsibility. Such a behavior is in line with the
opinion of Spangberg® who reported that the
apparent technical simplicity of Ni-Ti rotary
instruments invites ignorance. That author stat-
ed that mechanical instrumentation alone will
not improve endodontic outcomes; a thorough
understanding of anatomy and pathology is also
necessary.

A relevant result in our study was the re-
duced time required to instrument the second
canal vs. the first, significantly lower with both
techniques, hand and rotary. Some facts that
could have influenced on this result are presum-
ably the sense of adaptation to the environment
(i.e., the presence of the researcher, the under-
standing about the procedures to be followed
etc). In other words, the students felt more con-
fortable, regardless the technique.

Specifically in relation to the rotary
technique the great time reduction observed for
Ni-Ti rotary instrumentation of the second canal
(5.33 £ 1.84 min) in relation to the first one
(8.54 + 2.42 min) should be noted. It is general-
ly accepted that repeated practice is necessary to
develop clinical skills %, and clinicians develop
personal practical knowledge from their past
and present experiences?*. Based on this result
and on the students’ belief that practice progres-
sively makes Ni-Ti rotary easier, we can hy-
pothesize that, for Ni-Ti rotary instrumentation,
perhaps a lower number of repetitions is neces-
sary for students to improve performance and
make the procedure less difficult when com-
pared to the hand instrumentation technique.

Therefore, it is plausible to speculate that
the learning curve for clinical skills with Ni-Ti
rotary instrumentation may be shorter, i.e., that
less practice may improve competence when
compared to the hand technique. According to
Chambers?®, in dentistry, practice improves
competence, but usually at a diminishing rate;
eventually, additional practice ceases to add
new skills. Although studying learning curves
was not an objective of our study, data on learn-

ing curves for canal preparation can be found in
the study of Mesgouez et al.?°, who have shown
that the time required for canal preparation
tends to be inversely related to operator experi-
ence. In those authors’ study, inexperienced
operators showed progressively shorter working
times as they instrumented more canals (each
operator instrumented 25 canals); experienced
operators, in turn, did not present working time
reduction in the last 13 canals prepared.

Finally, taking into consideration the
better anatomical results and the significant re-
duction in working time observed for the second
canal instrumented with the rotary system, add-
ed to the students’ perceptions regarding the
need to learn Ni-Ti rotary instrumentation to
improve knowledge, we could argue that aca-
demic institutions should consider to include
Ni-Ti rotary instrumentation in the undergradu-
ate dental curriculum as earlier as possible.

In sum, the quantitative data of our
study, combined with the students’ perceptions,
allow us to draw the following overall conclu-
sions: (i) students show a cautious, prudent atti-
tude towards rotary instrumentation; (ii) confi-
dence increases after rotary instrumentation of
the second canal; (iii) students show good ex-
pectations in terms of optimizing root canal
treatment with rotary instrumentation and they
think it would be possible after some training;
and (iv) Ni-Ti rotary instrumentation should be
included in the undergraduate curriculum of
dental schools.
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RESUMO

Performance e percepcodes de estudantes de
odontologia no preparo de canais: um estudo
de métodos mistos

Este estudo explorou o desempenho dos estu-
dantes de odontologia (dados quantitativos) e
percepcOes (dados qualitativos) em relacdo ao
preparo do canal com instrumentos rotatorios de
Ni-Ti versus instrumentos manuais e discutiu
interacdes entre os achados técnicos e 0s in-
sights dos estudantes. O delineamento usado foi
0 de métodos mistos. Cada estudante (n=20)
instrumentou dois canais usando instrumentos
manuais e dois canais usando instrumentos rota-
térios de Ni-Ti (ProTaper Universal®). Os parti-
cipantes ndo tinham experiéncia com instrumen-
tacdo rotatdria, mas estavam familiarizados com
instrumentacdo manual. Dados quantitativos,
tais como transporte apical, tempo de trabalho
para a instrumentacdo e erros de procedimento
foram estatisticamente analisados. Dados quali-
tativos (percepcOes dos estudantes) foram cole-

tados, sendo que as percepcdes foram identifi-
cadas a partir do contetdo das entrevistas utili-
zando a analise tematica. Baixos valores de
transporte apical, poucos erros de procedimento
(desvio/perfuracédo/blogueio), e tempo de traba-
Iho mais longo foram associados a instrumenta-
cao rotatoria. O tempo de trabalho foi mais cur-
to no segundo canal instrumentado por ambas as
técnicas. Percepcbes associadas com instrumen-
tacdo manual foram: melhor dominio e préti-
ca/seguranca em virtude de os estudantes esta-
rem acostumados com a técnica. Percepgdes
para a instrumentacédo rotatdria: boas expectati-
vas iniciais, antes de utilizar; percepcao de du-
vidas e dificuldades em relacdo ao manejo do
instrumento logo antes de utilizar; e, aumento
da seguranca na utilizacdo depois do segundo
uso, no segundo canal. A combinagdo dos acha-
dos quantitativos e qualitativos levou as seguin-
tes conclusoes: (i) os estudantes mostraram uma
atitude de precaucdo frente a instrumentagédo
rotatéria de Ni-Ti; (ii) a seguranca amentou de-
pois da instrumentacdo do segundo canal; (iii)
0s estudantes mostraram expectativas boas em
termos da otimizagdo do tratamento de canal
radicular com a instrumentacgdo rotatéria e pen-
sam que isso sera possivel apdés algum treina-
mento; e (iv) a instrumentacdo rotatéria com Ni-
Ti deveria ser incluido no curriculo de gradua-
cao das escolas de odontologia.

Descritores: Ensino odontoldgico. Percepcao
de estudantes. Métodos mistos de pesquisa. En-
dodontia. Preparo do canal radicular.
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