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Abstract

The aim of this study was to report the satisfaction of fifth year undergradu-
ate students on the clinical use of rotary endodontic preparation compared
with stainless steel standard technique and to evaluate the impact of rotary
nickel–titanium instruments on undergraduate teaching. This study was
carried out by the fifth year undergraduate students attending peer review
sessions as a part of their training program using a questionnaire to assess
their satisfaction with these two techniques. The overall results indicated a
statistically significant satisfaction of the undergraduate students with the use
of the nickel–titanium system (P < 0.001) compared to stainless steel stan-
dard technique. Under the conditions of this study, the results showed a
positive acceptance and consensus among novice dental students regarding
the use of ProTaper rotary files and the need for undergraduate teaching of
rotary nickel–titanium systems in Jordan.

Introduction

Although rotary instrument techniques have not been
part of the basic procedures taught at all dental schools,
newly graduated dentists, general practitioners and spe-
cialists endodontists were more likely to acquire and
adopt the use of these new technologies (1–4).

In 2001, the European Society of Endodontology pub-
lished guidelines emphasising the importance of raising
the status of the undergraduate teaching of Endodontics
in order to guarantee an improvement in daily clinical
practice (5).

To date, there are a few studies about the adoption of
this particular technology. A search of the Scopus data-
base for 1990–2010 failed to identify any published
studies that have investigated whether introducing
tapered techniques may improve the understanding of
concepts found by students (6). Some studies showed this

issue to be correlated with region, graduation date and
type of practice (7).

Being less invasive and less complex, there was a
national consensus over the need for undergraduate
teaching of rotary nickel–titanium (Ni–Ti) systems in
some countries (8,9), with the aim of optimising the
endodontic treatment and not to banish hand instru-
ments (1).

Acquiring skill in the use of Ni–Ti rotary instrumenta-
tion in Endodontics curricular guidelines aims to stimu-
late the continued education, to obtain a minimum
competence level of acceptance of the new technique
(10,11), and to greatly improve the impact on the teach-
ing of Endodontics and training of future professionals
(2,12).

In Jordan, rotary instrument techniques have devel-
oped mainly in the past few years. Introduction of this
technique in the Endodontic disciplines of the Dentistry
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graduation courses was a response to its high acceptance
among Jordanian dentists.

As students often lack the skills to judge their own
performance, provision of prompt feedback at this stage is
crucial to the learning process (13). Most studies have
relied on data from questionnaires or clinical outcomes
(14–16).

The aim of this study was to provide evidence-based
knowledge and report the fifth year undergraduates’
opinion and acceptance concerning rotary endodontic
instrumentation, compared to hand K-files at University
of Jordan.

Materials and methods

Two questionnaires comprising multiple-choice ques-
tions, one dealing with rotary Ni–Ti preparation results,
whereas the other questionnaire dealing with stainless
steel (SS) preparation, were first developed.

The final series of questions covered demographics,
issues related to the technical results after using both
systems, patterns of training and education in Ni–Ti use,
as well as students’ opinions on their satisfaction and
which system to integrate in their future practices.

Each questionnaire, consisting of two parts, was deliv-
ered to the undergraduates of the fifth grade of the
Faculty of Dentistry, University of Jordan, at the first visit
to the student clinic. The first part of the questionnaire
was answered by the undergraduates during the various
stages of endodontic treatment, and the second part was
completed and signed by the senior supervisor at the
end of treatment. A letter explaining the objectives of
the survey to the students was attached to every
questionnaire.

A pilot testing of the two questionnaires with a random
sample of 20 undergraduate students was conducted and
evaluated, with the protocols being modified accordingly
into the final revised questionnaire.

Staff members involved in data collection were
instructed on the nature of the study so as to ensure
adequate use of data and to avoid misleading results and
conclusions. Cross-assessment to check and confirm the
results was completed directly either by the supervisors or
staff members undertaking the research.

Evaluation criteria

One of the purposes of this project was to observe and
obtain sufficient data on the degree of satisfaction of the
undergraduates after preparation of root canals by hand
and/or rotary instruments to draw definite conclusions
regarding their impact on undergraduate teaching disci-
pline and future adoption.

Data collection and statistical analysis

The data collection period was extended from December
2010 to May 2011. Questionnaires were numerically
coded and study was performed by analysing the
responses to the two questionnaires. The data collected
from the responses were entered manually into a
Microsoft Excel spreadsheet (Microsoft Corporation,
Redmond, WA, USA) that was then imported into SPSS
TM (SPSS Inc, Chicago, IL, USA) statistical software
version 17.0, presented as tables for comparison of pro-
portion and submitted to percentage analysis.

To evaluate the results identified in student question-
naire response items, the tooth was considered a unit.
Descriptive analysis and cross-tabulation of different vari-
ables were used to assess data from emerging questions.
Chi-squared test was also employed to quantify differ-
ences in proportions and potentially determine statisti-
cally significant differences in relation to each variable.

Tooth selection

Inclusion and exclusion criteria

One hundred eighty-nine teeth were included in this
study, comprising maxillary and mandibular molars
requiring primary non-surgical endodontic treatment,
selected according to the criteria used by the undergradu-
ate student clinic, Department of Conservative Dentistry,
University of Jordan. Third molars were excluded.

All root canal treatments were carried out in the clinic
session by fifth year undergraduate students under
the supervision of senior staff members with an average
staff-to-student ratio of 1:9.

The ‘inexperienced’ dental students were asked to
shape two molar teeth: one molar with a sequence of
manual SS files using a conventional step-back technique
and the other molar with rotary Ni–Ti files in a crown
down manner.

Instruments and instrumentation techniques

The procedural tooth was anaesthetised and isolated with
rubber dam. A direct straight line of access was optimised
with high-speed burs and canals carefully explored by
inserting an ISO #08–#10 file to ensure apical patency.
The working lengths were determined using working
radiographs and/or apex locator (Root ZX, J. Morita USA
Inc.).

Selected teeth were divided into two groups and pre-
pared with either Ni–Ti files or SS K-files.

Group 1: Hand file instrumentation technique

The endodontic treatments performed in the hand tech-
nique, comprising 327 root canals, were prepared by con-
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ventional SS K-Flexofiles (KFs) hand files (Dentsply-
Maillefer, Ballaigues, Switzerland) and Gates Glidden
burs (Dentsply-Maillefer) using the traditional serial step-
back preparation technique (17).

In routine cases, minimum apical preparation of #35
for mesial canals and #45 for palatal and cervical parts of
the canal was prepared using Gates Glidden drills
numbers 2–4. In difficult cases, a minimum of apical
preparation of #30 has been suggested for mesial canals
(18).

Group 2: Rotary instrumentation technique

Prior to instrumentation, the fifth year students involved
in our study were enrolled into a 2 day standardised
workshop. A live teacher demonstration was given, and
video demonstration was available using artificial plastic
blocks with a 30 degree simulated curved root canal
(Nissin Dental Product Inc., Kyoto, Japan).

After establishing of a smooth glide path using SS KFs
#15 or #20, the canals were prepared using ProTaper
rotary instruments (Dentsply-Maillefer) connected to an
X Smart low torque motor (Dentsply-Maillefer).

A kit of ProTaper Ni–Ti rotary endodontic shaping files,
each pack containing six files (S1, S2, F1, F2, F3 and SX),
was distributed to each student.

All canals were prepared using S1, S2, F1 and F2. The
SX and F3 ProTaper files are used occasionally according
to the manufacturer’s recommendations. Root canals of
all groups were root-filled with gutta-percha points and
AH26 sealer using a cold lateral condensation technique.

Results

Immediate and comprehensive feedback of the students’
opinions on the performance of the Ni–Ti compared to SS
system was intended and evaluated against the same cri-
teria to draw conclusions on their degree of satisfaction
and incorporation of Ni–Ti in their teaching curriculum
and future practice.

The total sample material used in this investigation
consisted of the questionnaires completed by the fifth
year undergraduates at the Faculty of Dentistry, Univer-
sity of Jordan.

Of the 110 questionnaires distributed for Ni–Ti prepa-
ration, 14 were not completed or rejected as being incom-
plete, giving a total of 87% overall response rate.

This high return index as a result of the intensive
follow up of the study by the research team might count
as a preliminary positive and overwhelming acceptance
of the undergraduate students of the advantages and
impact of this study on their teaching discipline.

Data analysis

All 96 distributed and answered questionnaires in the
Ni–Ti group were analysed. Very high proportions, an
overall 100% of positive experiences, were noted. All
students involved in this study indicated unanimously
(P < 0.001) their satisfaction and enthusiasm to the Ni–Ti
use (Table 1).

The percentage of 52% very-satisfied students with
Ni–Ti preparation compared to 33.3% for SS hand file
preparation (Table 2) indicates a consistent result with
our earlier published study that could be correlated to the
overall better preparation quality obtained with Ni–Ti
compared to the results of SS preparation (P < 0.001)
particularly in difficult cases (19).

Despite their only basic knowledge prior to their clini-
cal Ni–Ti practice (Table 3), all participants (Table 4)
agreed that the tapered preparation technique has better
overall results including simpler, faster and more straight-
forward procedure. The responses pointed out ease
to complete preparation including reduced time to
adjust a master cone and complete root canal filling
with smoother taper as significant reasons for their
satisfaction.

Data from Table 5 manifested interest in under-
going further training in automated instrumentation and

Table 1 Overall satisfaction with the Ni–Ti system

Frequency Per cent (%)

Satisfied 44 45.8

Very satisfied 52 54.2

Not satisfied 0 0

Total 100% 100

Table 2 Comparison of overall students’ satisfaction with Ni–Ti and hand

file systems

Ni–Ti Hand

Yes 96 (100%) 32 (33.3%)

No 0 64 (66.7%)

Total 100% 100%

Table 3 Have you attended other Ni–Ti training courses?

Frequency Per cent (%)

Yes 27 28

No 69 72

Total 96 100
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indicated the overall positive opinions and strong interest
of the undergraduates in Ni–Ti rotary preparation. Simi-
larities were observed in all of the responses agreeing that
students were more likely to incorporate Ni–Ti instru-
mentation into their practice when performing RCTs
(Tables 6,7).

Discussion

A wide variation exists in the way Endodontics is taught
and what competencies are expected. Differences exist
regarding current Ni–Ti instrument use, and expectations
for future development might be correlated with level of
exposure and training (8).

Although traditional canal cleaning and shaping in
preclinical and clinical classes with multiple-sequence
procedures and many instruments required for SS hand
instrumentation are always technically challenging to

novice dental students (20), manual techniques contin-
ued to be taught, with nearly half the schools advocating
the combined use of hand and rotary techniques (12).
However, advances in using Ni–Ti technology are seeing
more universities adopt rotary instrumentation as part of
the endodontic curriculum (12,21,22).

Students are novice learners who are hesitant and very
reliant on faculty members for direction and prompt
objective feedback (23). When learning new techniques,
novice dental students require directions and instruction
in small steps, as they work towards achieving compe-
tence in performing more complex tasks in clinical set-
tings (6,24).

Root canal preparation has generally been evaluated
either via extracted human teeth or with simulated
root canals. Because of the hardness and abrasion
behaviour of acrylic resin that can lead to binding and
separation of the instruments, natural teeth in this study
were preferred to resin blocks for more objective results
(25,26).

To better guide and allow the undergraduates to corre-
late theory to practical learning and establish a proper
relationship between the theoretical and practical knowl-
edge, the teaching–learning process in the Endodontics
discipline of University of Jordan is based on problem
solving (27).

The teaching–learning process of Endodontics at Uni-
versity of Jordan has been performed in the following
way: a preclinical theoretical–practical approach on
extracted teeth at the laboratory during the third year
where the hand SS technique is only taught during two
semesters. The clinical phase begins during the fourth
year where hand technique is applied for treating patients
by all dental groups. In the Endodontic clinics of the
graduating fifth year students, the module piloted
involves the use of tapered rotary Ni–Ti files for root canal
preparation taught through a preclinical hands-on
session. The undergraduates must execute at least one
tooth using Ni–Ti rotary instruments under the supervi-
sion of teaching staff.

There was a consensus among undergraduates on their
satisfaction and the need for teaching Ni–Ti techniques
for canal preparation in University of Jordan. This finding
is similar to that of Baumann who concluded that stu-
dents lacking endodontic experience and experienced
dentists both successfully used rotary Ni–Ti files and
achieved good root canal geometry (28).

Taking formative and summative student assessment
data and perceptions together, teaching Ni–Ti rotary
instrumentation techniques at the beginning of
endodontic courses can be recommended (29,30).

The preference of Ni–Ti preparation is the translation of
the significantly (P < 0.00) longer mean time required for

Table 4 Main reasons for satisfaction

Frequency Per cent (%)

Better overall result 47 49

Ease of use 49 51

Total 96 100

Table 5 Overall satisfaction with the 1 day training course

Frequency Per cent (%)

Satisfied 47 49

Very satisfied 0 0

Not satisfied 49 51

Total 96 100

Table 6 Introduction of rotary instrumentation in teaching discipline

Frequency Per cent (%)

Yes 96 100

No 0 0

Total 96 100

Table 7 Integration of Ni–Ti into future practice

Frequency Per cent (%)

Yes 96 100

No 0 0

Total 96 100
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manual preparation and the overall increased radio-
graphic quality of mandibular molar mesial root
obturation (19).

These results of more efficient performance support the
high percentage of satisfaction and adoption of Ni–Ti
technology by novice clinicians (31,32).

The true module’s impact on clinical endodontic care
will encourage students to pursue more preclinical prac-
tice to improve their competence to use these techniques
clinically (6) and encourage continuing education (29).

While some authors questioned if numbers should be
increased or hand instrumentation should be substituted
by rotary instrumentation (16), each undergraduate must
prepare a total of 20 teeth during the course according to
the guidelines of the European Society of Endodontology
(5).

In a learning environment, hand files can give a better
tactile sensation and may be safer in many clinical situa-
tions. Several European dental schools (10,12) advocate
the combined use of hand files in association with rotary
instruments for preparation of root canals.

In a supervised environment and with appropriate case
selection, the use of tapered instrumentation systems
further to improvement of students’ clinical skills, the
reduced time and discomfort caused by the file move-
ments when employing hand files, provided a higher
level of comfort to the dentist and patient (3,11).

Incorporation into the teaching of dentistry
undergraduates

The great majority of students considered Ni–Ti instru-
mentation to be the core concept during the teaching
modules. The answers given by the students in our study
confirmed their positive attitudes and enthusiasm
towards the system that allows them to think critically
about endodontics (33).

Consideration of these preclinical training courses to
the curriculum should be more comprehensive and
without bias by professionals familiar with a specific new
technology (8,34) to shorten the leap from laboratory
training to the clinic (12), to alleviate student anxiety
concerning endodontic instrumentation (29) and to suc-
cessfully prepare molar root canals with rotary instru-
ments (4,15,16,32).

Extra preclinical time within the module provided by
earlier introduction to Endodontic teaching will allow
students assign more complex clinical cases earlier includ-
ing additional tasks. Teaching the use of the Ni–Ti rotary
instrumentation at the beginning of the endodontic cur-
riculum, neophyte dental students were able to maintain
the original shape in curved root canals within 4 min
(29).

Any planned module should recognise and acknowl-
edge preclinical teaching of tapered techniques broken
down into detailed steps (12,24,35) with each task of the
module building on the previous, similar to incremental
approaches used in other areas of dental education
(35,36).

These devices are extremely beneficial and can be used
successfully after adequate training as an adequate
complementary tool and should therefore be included in
the training of undergraduate students (2). Meanwhile,
the shaping techniques with Ni–Ti rotary instruments
should ideally be updated to ensure ongoing education
for undergraduates in dental schools (4).

Such results indicate that universities are slow to
acknowledge the need of teaching the new technology or
may not be in tune with the needs of students and den-
tists (8).

The Faculty of Dentistry, University of Jordan, has been
recently accredited by the Association for Dental Educa-
tion in Europe. Integration of rotary instrumentation
techniques into endodontic teaching within the Faculty
of Dentistry will serve this accreditation and will satisfy
the European Society of Endodontology undergraduate
curriculum guidelines.

Conclusions

It can be concluded that the experience and satisfaction of
undergraduate students was excellent due to the high
acceptance level of the new technique. The findings of
our study indicate a responsible approach over the need
of incorporation of rotary Ni–Ti instruments and tech-
niques for undergraduate teaching and adoption into
future clinical practice.

Acknowledgements

This study was supported by grants from the Deanship of
Academic Research, University of Jordan. The authors
express their sincere gratitude to all the undergraduate
students (2010–2011) and assistant staff for completing
the data collection forms meticulously. Special thanks
also to Professor Faleh Sawaer for his valuable contribu-
tion in conducting the statistical analysis of the results.

References

1. Savani GM, Sabbah W, Sedgley CM, Whitten B. Current

trends in endodontic treatment by general dental practi-

tioners: report of a United States National Survey. J

Endod 2014; 40: 618–24.

2. Vanzin ACM, Barletta FB, Fontanella V. Comparative

assessment of root canal preparation by undergraduate

I. Abu-Tahun et al. Root Canal Treatment of Posterior Teeth

5© 2015 Australian Society of Endodontology



students using manual and automated devices. Rev

odonto ciênc 2010; 25: 69–73.

3. Parashos P, Messer HH. The diffusion of innovation in

dentistry: a review using rotary nickel-titanium technol-

ogy as an example. Oral Surg Oral Med Oral Pathol Oral

Radiol Endod 2006; 101: 395–401.

4. Hänni S, Schönenberger K, Peters OA, Barbakow F.

Teaching an engine-driven preparation technique to

undergraduates: initial observations. Int Endod J 2003;

36: 476–82.

5. European Society of Endodontology. Undergraduate cur-

riculum guidelines for endodontology. Int Endod J 2001;

34: 574–80.

6. Friedlander L, Anderson V. A new predoctoral

endodontic module: evaluating learning and effective-

ness. J Dent Educ 2011; 75: 35–59.

7. Bird DC, Chambers D, Peters OA. Usage parameters of

nickel-titanium rotary instruments: a survey of

endodontists in the United States. J Endod 2009; 35:

93–7.

8. Parashos P, Messer HH. Questionnaire survey on the use

of rotary nickel-titanium endodontic instruments by

Australian dentists. Int Endod J 2004; 37: 249–59.

9. Sonntag D, Guntermann A, Kim SK, Stachniss V. Root

canal shaping with manual stainless steel files and rotary

Ni-Ti files performed by students. Int Endod J 2003; 36:

246–55.

10. Ünal GC, Maden M, Orhan EO, Saritekin E, Teke A.

Root canal shaping using rotary nickel-titanium files in

preclinical dental education in Turkey. J Dent Educ

2012; 76: 509–13.

11. Leonardi DP, Baratto-Filho F, Haragushiku GA,

Tomazinho FSF, Lopes MGK, Moro A. Undergraduates’

opinion after 5-year experience with rotary endodontic

instruments. South Bras Dent J 2011; 8: 68–74.

12. Arbab-Chirani R, Vulcain JM. Undergraduate teaching

and clinical use of rotary nickel- titanium endodontic

instruments: a survey of French dental schools. Int

Endod J 2004; 37: 320–4.

13. Bowers JA, Wilson JE. Graduates’ perceptions of self-

assessment training in clinical dental hygiene education.

J Dent Educ 2002; 66: 1146–53.

14. Molander A, Caplan D, Bergenholtz G, Reit C. Improved

quality of root fillings provided by general dental practi-

tioners educated in nickel-titanium rotary instrumenta-

tion. Int Endod J 2007; 40: 254–60.

15. Reit C, Bergenholtz G, Caplan D, Molander A. The effect

of educational intervention on the adoption of nickel-

titanium rotary instrumentation in a public dental

service. Int Endod J 2007; 40: 268–74.

16. Sonntag D, Delschen S, Stachniss V. Root-canal shaping

with manual and rotary Ni-Ti files performed by stu-

dents. Int Endod J 2003; 36: 715–23.

17. Torabinejad M. Passive stepback technique. Oral Surg

Oral Med Oral Pathol 1994; 77: 398–401.

18. Weiger R, Elayouti A, Löst C. Efficiency of hand and

rotary instruments in shaping oval root canal. J Endod

2002; 28: 580–3.

19. Abu-Tahun I, Al-Rabab’ah MA, Hammad M, Khraisat A.

Technical quality of root canal treatment of posterior

teeth after rotary or hand preparation by fifth year

undergraduate students, The University of Jordan. Aust

Endod J 2014; 40: 123–30.

20. Peters OA, Peter CI. Cleaning and shaping of the root

canal system. In: Cohen S, Hargreaves KM, eds. Path-

ways of the pulp. 9th ed. St. Louis, MO: CV Mosby;

2006. pp. 334–9.

21. Gatley S, Hayes J, Davies C. Requirements, in terms of

root canal treatment, of undergraduates in the European

Union: an audit of teaching practice. Br Dent J 2009;

207: 165–70.

22. Sonntag D, Bärwald R, Hülsmann M, Stachniss V. Pre-

clinical endodontics: a survey amongst German dental

schools. Int Endod J 2008; 41: 863–8.

23. Hauser AM, Bowen DM. Primer on preclinical instruc-

tion and evaluation. J Dent Educ 2009; 73: 390–8.

24. Guenzel PJ, Knight GW, Feil PH. Designing preclinical

instruction for psychomotor skills (III) – instructional

engineering: design phase. J Dent Educ 1995; 59: 412–8.

25. Hülsmann M, Herbst U, Schäfers F. Comparative study

of root-canal preparation using Lightspeed and Quantec

SC rotary NiTi instruments. Int Endod J 2003; 36: 748–

56.

26. Kum KY, Spängberg L, Cha BY, Il-Young J, Seung-Jong

L, Chan-Young L. Shaping ability of three ProFile rotary

instrumentation techniques in simulated resin root

canals. J Endod 2000; 26: 719–23.

27. Cyrino EG, Toralles-Pereira ML. Discovery based teach-

ing and learning strategies in health: problematization

and problem-based learning. Cad Saúde Pública 2004;

20: 780–8.

28. Baumann MA, Roth A. Effect of experience on quality

of canal preparation with rotary nickel-titanium files.

Oral Surg Oral Med Oral Pathol Oral Radiol Endod

1999; 88: 714–8.

29. Tu MG, Huang HL, Hsu JT et al. Experiences of under-

graduates using the Ni-Ti rotary technique at the begin-

ning of the endodontic curriculum. J Dent Sci 2008; 3:

199–203.

30. Manogue M, Kelly M, Masaryk SB et al. Evolving

methods of assessment. Eur J Dent Educ 2002; 6: 53–66.

31. Guelzow A, Stamm O, Martus P, Kielbassa AM. Com-

parative study of six rotary nickel-titanium systems and

hand instrumentation for root canal preparation. Oral

Surg Oral Med Oral Pathol Oral Radiol Endod 2011;

111: 659–67.

32. Kleier DJ, Averbach R. Comparison of clinical outcomes

using a nickel titanium rotary or stainless steel hand file

instrumentation technique. Compend Contin Educ Dent

2006; 27: 87–9.

Root Canal Treatment of Posterior Teeth I. Abu-Tahun et al.

6 © 2015 Australian Society of Endodontology



33. Ausubel D. Educational psychology: a cognitive view.

2nd ed. New York: Holt Rinehart Winston; 1978. pp.

523–6.

34. Mozayeni MA, Golshah A, Nik Kerdar N. A survey on

NiTi rotary instruments usage by endodontists and

general dentist in Tehran. Iran Endod J 2011; 6: 168–75.

35. Feil PH, Guenzel PJ, Knight GW, Geistfeld R. Designing

preclinical instruction for psychomotor skills (I) –

theoretical foundations of motor skill performance and

their applications to dental education. J Dent Educ 1994;

58: 806–12.

36. Knight GW, Guenzel PJ, Feil PH. Designing preclinical

instruction for psychomotor skills (II) – instructional

engineering: task analysis. J Dent Educ 1994; 58:

813–9.

I. Abu-Tahun et al. Root Canal Treatment of Posterior Teeth

7© 2015 Australian Society of Endodontology


