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ABSTRACT

Background: The technical quality of root canal treatment (RCT) may
impact on the outcome. The quality of education received during
undergraduate school may be linked to the quality of treatment provided in
general dental practice.

Objective: To compare the technical quality of RCT where rotary or manual
step-back canal preparatory technique was employed in an undergraduate
dental clinic in Turkey. Additionally, the present study aimed to compare
radiographically commonly seen complications in both instrumentation
systems.

Materials and Methods: Dental records of 270 patients who received RCT
undertaken by dental students were investigated by retrospective chart
review. 565 root canals belonging to 270 patients were randomized into two
groups [(rotary, n=280, and manual hand instruments, n=285)]. Root canal
obturation was evaluated on the basis of the length of obturation being
>2mm from the radiographic apex, with uniform radiodensity and good
adaptation to root canal walls. Inadequate root canal obturation included
cases containing procedural errors such as perforation, ledge,
transportation, instrument separation. Descriptive statistics were used to
define categorical variables (n, %) and the level of significance was set at
0.05.

Results: The technical quality of RCT performed by undergraduate dental
students was classified as 'adequate’ in 75% and 53.7% of the cases,
respectively for rotary and manual groups, respectively (p < 0.05). The
highest procedural errors were seen in molars. Occurrence of procedural
errors differed significantly between the groups, being 6.4% in rotary group
and 12.3% in manual group (p = 0.017). However, occurrence of ledge
formation was higher in manual group than that of rotary group (p = 0.007).

Conclusion: In view of our findings, RCT performed by undergraduate dental
students using rotary instrumentation systems is of higher technical quality
and also has fewer procedural errors than manual instrumentation.

Key words: Rotary instrumentation; manual step-back instrumentation; root
canal treatment; undergraduate dental students
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Giris: Kok kanal tedavisinin (KKT) teknik kalitesi sonucu etkileyebilir. Lisans

egitimi sirasinda alinan egitimin kalitesi, genel dishekimligi pratiginde
saglanan tedavinin kalitesi ile baglantili olabilir.

Amag: Tirkiye'deki bir lisans egitimi veren dis kliniginde doner veya manuel
step-back kanal preparasyon tekniginin kullanildigi KKT teknik kalitesini
karsilastirmaktir. ilave olarak, bu calisma, her iki sekillendirme sisteminde
radyografik olarak stk goriilen  komplikasyonlar1  karsilastirmay1
amaclamstir.

Gerec ve yontemler: Dishekimligi 6grencileri tarafindan KKT uygulanan 270
hastanin dis kayitlan geriye donik cizelge ile incelendi. 270 dis 565 kok
rastgele iki gruba [(Rotasyon, n=280&Manuel, n=285)] ayrildi. Kok kanal
dolumu, dolum uzunlugunun radyografik apeksten >2 mm olmasi,
radyodensite ve kok kanal duvarlarina adaptasyon acisindan degerlendirildi.
Yetersiz kok kanal dolgusu, perforasyon, basamak, transportasyon, alet
king1 gibi islemsel hatalan iceriyordu. Kategorik degiskenleri (n,%)
tammlamak icin tammlayic istatistikler kullanildi ve anlamlilik diizeyi 0.05
olarak belirlendi. Bulgular: Lisans dis hekimligi ogrencileri tarafindan
gerceklestirilen KKT'nin teknik kalitesi, rotasyon ve manuel gruplan icin
sirasiyla vakalarin %75'inde ve %53.7’sinde 'yeterli' olarak simflandirldi
(p<0.05). En yiiksek islem hatalar biyiik az1 dislerinde goriildu. Genel olarak
prosediirel hatalarin olusumu gruplar arasinda anlamli farkliik bulundu,
rotasyon grubunda %6.4 ve manuel grupta %12.3 idi (p = 0.017). Bununla
birlikte, manuel grupta basamak olusumunun meydana gelmesi, rotasyon
grubuna gore daha yiiksekti (p = 0.007).

Sonug: Bulgularimiza gore, lisans dishekimligi 6grencileri tarafindan doner
enstrimantasyon sistemleri kullamlarak gerceklestirilen KKT, daha yiksek
teknik kaliteye sahiptir ve ayrica manuel enstriimantasyondan daha az
prosediir hatasina sahiptir.

Anahtar sozciikler: Doner enstrimantasyon; manuel step-back yontemi ile
sekillendirme; kok kanal tedavisi; lisans dis hekimligi 6grencileri

Introduction

Cleaning and shaping are the most significant step for a successful root
canal treatment (RCT) because this determines the extent of the
sterility of the root canal system and the possibility of achieving a
satisfactory three-dimensional root filling.! Cleaning includes removal
of the necrotic pulp chamber, microorganisms, debris, and infected
dentin, while shaping contains widening of the canal to allow irrigation
activation and to create space for canal filling.? Since it is difficult to
remove all microorganisms from the canal walls in root canals with
complex anatomy, various shaping techniques and instruments have
been developed.? Conventional canal cleaning-shaping methods include
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hand instruments and irrigation solutions. Apical enlargement is
performed by ISO normed 0.02 tapered stainless steel hand instruments
with filing motion. The conical, flared form of the canal can be given
by the step-back technique.® However, incorrect use of hand
instruments in curved canals causes the canal to lose its natural form?
and causes complications such as ledge formation, transportation,
broken endodontic instruments, perforation, underfilling, or
overfilling.* The success of the process with hand instruments largely
depends on the clinician’s skills.®

Due to its capability to keep the canal's natural curvature, rotary
instruments are preferred instead of stainless-steel hand instruments.®
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With the development of high torque NiTi (nickel-titanium) rotary
instruments, canal shaping steps have been reduced and the total root
canal treatment time has been shortened. Rotary instruments with
various taper angles provide the appropriate conicity to the anatomy
of the existing canal better than hand instruments.® Rotary NiTi file
systems prepare canals in less time with fewer complications such as
canal transportation, straightening, or perforations.” In root canal
shaped using NiTi rotary instruments, procedural errors like working
length loss, broken instrument, apical transportation, zip formation,
strip perforation, and unnecessary root weakening are less common.?

Procedural errors in treatment adversely affect the shaping and
cleaning cause insufficient root canal obturation that risks the
treatment outcome.’ The root canal therapy outcome may be affected
by its technical quality. Factors affecting the technical quality of root
canal fillings are obturation length, distance from the apex,
homogeneity of the filling (no voids), canal conicity, and presence of
procedural errors. To evaluate the technical quality of the RCT, most
researchers use radiographic evaluation.”® The quality of RCT is
improved by teaching modern techniques and employing new
materials in dental education. The performance of NiTi rotary systems
in undergraduate dentistry education has been the focus of countless
research." The effectiveness of NiTi rotary instruments for the
management of curved root canals, obtained from studies, has
contributed to their use in the education of undergraduate dentistry
students."” However, several factors such as the risk of broken
instruments, perforation or deviation of the root canal, and cost limit
the application of such techniques in undergraduate education."
Furthermore, those who are new to NiTi rotary file systems are
worried about the rotation speed, fractured instrument, and screwing
effect in the canal when using it for the first time."

The objective of this study was to evaluate the technical quality of
RCTs performed in an undergraduate dentistry clinic at Istanbul
Medipol University, Turkey, using either a NiTi rotary or manual
stainless steel hand instruments RCT preparation technique.

Materials and methods

Digital periapical radiographs of 270 patients who had RCT by dentistry
students between 2018-2020 were obtained from Istanbul Medipol
University, Department of  Endodontics, and  evaluated
retrospectively. RCTs of patients were performed by 5th or 4th year
undergraduate students within two academic years in the Faculty of
Dentistry of Istanbul Medipol University.

The study was approved by Istanbul Medipol University Local Ethics
Committee on 10/06/2021 and numbered E-10840098-772.02-2736.
The research was done in complete compliance with the Helsinki
Declaration. Written informed consent was received from all
participants.

Periapical radiographs were taken with the Carestream RVG 5200
(Carestream Health, Inc.) device and analyzed with Kodak Dental
Imaging Software. Radiographic evaluation of the RCT was performed
twice by two researchers at different times. The results were then
compared, and researchers have reached a consensus.

Five hundred sixty-five root canals belonging to 270 patients were
randomized into two [(NiTi rotary, n=280, and manual stainless steel
hand instruments, n=285)] groups. The treatment protocol of the
manual group included working length determination with
radiographs, instrumentation with 0.02 tapered K and H files (Kerr
Endodontics, Orange, CA) using manual step-back technique, and
irrigation with 2.5% sodium hypochlorite (NaOCl). Treatment protocol
of the rotary group included working length determination with
radiographs, instrumentation with VDW rotary files (VDW, Minchen,
Germany), and irrigation with 2.5% NaOCL. In all groups, root canal
fillings have been carried out with gutta-percha and resin-based canal
sealer AH Plus (Dentsply DeTrey GmbH, Konstanz, Germany) using
lateral condensation.

The quality of RCT and iatrogenic errors were evaluated on periapical
radiographs taken immediately after treatment. The evaluated data
comprises the type of tooth treated, root filling length, ledge
formation, perforation, and presence of broken instruments or voids.
On periapical radiographs, the length of obturation was assessed by
the distance from the radiographic apex. Obturation homogeneity was

evaluated according to the adaptation of sealer and gutta percha to
root canal walls. Completed RCT was classified as inadequate when it
included any of the following in the final radiograph (Figure 1).

Figure 1. Some examples of iatrogenic errors in root canal treatment
complications, 1a. Ledge; 1b. Broken instrument in the apical third of
MB2 of an upper maxillary first molar; 1c. Overfilling; 1d.
Transportation and apical perforation; 1e. Coronal perforation; 1f.
Underfilling.

1. Ledge formation: If the root filling diverged from the canal's initial
route and was shorter than the working length."

2. Apical transportation: When the natural anatomic foramen of the
apical canal is relocated on the external root surface.™

3. Apical perforation: When the filled canal's apical differed from the
radiologic apex or the filling protruded through the apical
foramen.™

4. Furcation perforation: Extrusion of filling material from the
furcation.

5. Strip perforation: When the interior wall of curved roots has filling
material."

6. Instrument Fracture: When an instrument piece was seen inside a
canal.”

7. Zip formation: When the apical end of filling forms a teardrop
shape on the outer wall.™

8. Overfilling: Extruded root filling from the apex.'

9. Underfilling: Canal filling was 2mm or shorter than the radiologic
apex.'®

10. Voids: Presence of the voids in obturation.

Descriptive statistics were used to define categorical variables (n,%)
and the statistical level of significance was set at 0.05.

Results

Radiographic evaluation of the RCT was performed twice by two
researchers at different times. The results were then compared, and
researchers have reached a consensus.

In 210 (75%) teeth in the rotary group, RCT was successful and with no
procedural errors. On the other hand, in 70 (25%) teeth in the rotary
group, RCT was unsuccessful and detected procedural errors. The
frequency of procedural errors in the rotary group was as follows:
underfilling (more than 2 mm from the radiographic apex), 15 (5.4%);
overfilling, 20, (7.1%); voids-nonhomogenous, 40 (14.3%); broken
instruments, 5 (1.8%); apical perforation 4 (1,4); apical
transportation, 10 (3.6%); and ledge formation, 4 (1.4%) (Table 1).

In 153 (53.7%) teeth in the manual group, RCT was successful and with
no procedural errors. On the other hand, in 132 (46.3%) teeth in the
manual group, RCT was unsuccessful and contained procedural errors.
The frequency of procedural errors in the manual group was as follows:
underfilling (more than 2 mm from the radiographic apex), 24 (8.4%);
overfilling, 22 (7.7%); voids-nonhomogenous, 95 (33.3%); broken
instruments, 9 (3.2%); apical perforation, 3 (1.1%); apical
transportation, 17 (6%) and ledge formation 16 (5.6%) (Table 1).
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Table 1. The frequency of demographic information and

complications in both manual and rotary groups

v

69 48.6% 52 40.6%

Grade of
student Wik 2
A% %) 51.4% 76 59.4%
Anterior 14.Sub  15.8% 06.Sub  13.2%
Tooth type Premolar 07.Sub 13.3%  24.0ca 8.6% X2
Molar 28.Sub  20.7% 07.Mar  23.9%
Apical -) 268 94.0% 270 96.4%
Transportation ke S
+) 17 6.0% 10 3.6%
-) 25Eyl  94.4%  02.Eki  98.6%
Ledge
formation 00.0ca X2
(+) 16.0ca  56%  04.0ca 1.4%
) 285 100.0% 280 100.0%
Coronal 1 X2
+) 0 0.0% 0 0.0%
) 11.Eki  100.0% 06.Eki  100.0%
Middle 01.0ca X
(+) 00.0ca  0.0%  00.0ca  0.0%
) 282 98.9% 276 98.6%
Apical 0,686 X2
+) 3 1.1% 4 1.4%
Broken ) 02.Eki 96.8% 01.Eki 98.2%
instrument poced 28
(+) 09.0ca  32%  05.0ca 1.8%
-) 250 87.7% 262 93.6%
Procedural
errors 0,017 Xz
(+) 35 12.3% 18 6.4%
Adequate (no procedural o - o
arror, 0-2mm length) 23.Tem 71.9% 14Adu 81.1%
Acceptable, (with procedural
Root canal 03.Sub 11.9% 18.0ca 6.4%
filling quality error, 0-2 mm length) 00.0ca X2
Underfilling,> 2 mm 24.0ca 8.4% 15.0ca 5.4%
Overfilling 22.0ca 7.7% 20.0ca 71%
Homogenity of Nonomogeneous 95 33.3% 40 14.3%
root canal 0 X2
filling Homogeneous 190 66.7% 240  85.7%
Out " Unsuccessful 11.May  46.3% 10.Mar  25.0%
NEo 00.0ca X

Successful 01.Haz 53.7% 28.Tem 75.0%

X2 Chi-square test
*RCT: Root canal treatment

There were significant differences in the frequency and type of
procedural errors between the manual and rotary preparation types (p
<0.05). The prevalence of complications was significantly higher in the
manual group than that in the rotary group (p <0.05). The technical
quality of RCT done by 5th or 4th year undergraduate students were
classified as successful in 75% and 53.7% of the cases, respectively for
rotary and manual groups (Figure 2). There was a significant
difference between the two groups concerning the technical quality
(p = 0.017). The occurrence of ledge formation was statistically
significantly higher in the manual group than that of rotary group (p =
0.007). There was no significant difference between manual and rotary
groups regarding instrument breakage (p = 0.294). The homogeneity
of root canal fillings (without voids) in the rotary group was
significantly higher than that of the manual group (p = 0.000). The
success rate of RCT in the rotary group was significantly higher than
that of the manual group (p = 0.000).

80,0%

70,0%

60,0%

50,0%

40,0% -

300% 7

20,0% -

10,0%

0,0%

Manual

Rotary

O Unsuccessful RCfilling  ® Successful root canal filling

Figure 2. Technical quality of RCT in both manual and rotary
groups.

Discussion

This study was designed to evaluate the technical quality of RCTs
completed by undergraduate students in Istanbul Medipol University.
It was attempted to determine which had the higher success rate by
comparing hand files versus rotary files. For this study, digital
periapical radiographs were taken after the RCTs were collected. The
technical quality of RCT has been shown to affect the outcome of
RCT and the health of the peri radicular tissues.' In addition,
procedural errors encountered by students in this study are listed.
Procedural errors are a significant determinant in endodontically
treated teeth’ long-term survival.'®

According to the evaluated periapical radiographs, 76.73% of the
canals performed by the students were classified as adequate (71.9%
of them with manual technique and 81.1% of them with rotary
instrumentation). In a detailed analysis, 75% of the rotary group and
53.7% of the manual group were found to be successful. Procedural
errors occurred in 12.3% of the canals in the manual group and 6.4%
of the canals in the rotary group. In this study, the most common
iatrogenic error was underfilling (8.4%) in the manual group and
overfilling (7.1%) in the rotary group. In previous studies, different
evaluations were used to classify RCTs as adequate or inadequate.
Some studies have only examined the obturation length for adequate
filling assessment,'” but most studies have also examined lateral
condensation along with root filling length.>™ In this study, we
accepted criteria of the obturation length being 0-2 mm proximity to
the radiographic apex, homogeneous density, satisfactory adaptation
to root canal walls, and without procedural errors as successful.

Homogeneous filling was reported in 77.3% and acceptable filling
length was reported in 85.3% of the root canals, amongst the 565
RCTs examined. The relationship between filling uniformity and
prognosis is not evident like the filling length to the radiologic apex.™
Some of the studies have shown uniform and nonuniform root fillings
had the same prognosis.'”” Besides other studies have shown
nonuniform and less compact fillings negatively affect the success of
the treatment.?

In the manual group, the percentages of canal filling lengths that
were adequate (no procedural error), 0-2mm short with procedural
error, >2mm short, and overfilling were 71.9%, 11.9%, 8.4%, 7.7%,
respectively. In the rotary group, the percentages of canal filling
lengths that were adequate (no procedural error), 0-2mm short,
>2mm short, and overfilling were 81.1%, 6.4%, 5.4%, 7.1%,
respectively. The canal filling length greatly affects the healing
rates. According to Sjogren et al.” and Smith et al.?', the healing
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rates of RCTs ending 0-2 mm to the radiographic apex were found to
be successful with 87-94%. The healing rates of underfillings and
overfillings were 68-77.6% and 75-76%, respectively. Non-void and
homogeneous canal fillings were associated with lower levels of
disease recurrence.?

Many researchers have stated the benefits of rotary preparation with
NiTi canal instruments over manual hand preparation, both for
experts and novice operators.?2 Although many studies are
demonstrating the superiority of NiTi rotary files in RCTs, most
countries still train students using the step-back technique with
stainless steel hand instruments.

In this study ledge formation incidence was 5.6% for manual step-back
technique and 1.4% for rotary technique. According to the research of
Eleftheriadis & Lambrianidis,'® ledge formation was observed in 154
of the 620 root canals (24.8%) shaped with step-back technique in the
student clinic. In the same study, anterior and premolars had less
ledge formation than molars. According to Kapalas et al.?, ledge
formation occurred in 51.5% of the canals treated by undergraduates,
even working under guidance. Also, in the same study, specialized
endodontists demonstrated a significant incidence rate of the ledge
of 33.2% of treated teeth even though they had higher clinical skills.
The researchers found that the most important cause of step
formation is the canal curvature. Like our research, Sonntag et al.?
found out that 11.3% of the manual NiTi group and 5.3% of the rotary
NiTi group had ledges. Additionally, zip formation was seen in 47.3%
of the manual NiTi group and 17.3% of the rotary NiTi group in the
same study. It has been proven by various studies that ledge and zip
formation in hand files is higher.? Supporting the results of our study,
Kum et al.?® compared rotary NiTi files and manual stainless steel
hand files in extremely curved canals. As a result, less canal
transportation, less canal deflection, less instrumentation time, and
better preservation of working length were observed with the use of
rotary Ni-Ti instruments .2 Less transportation in canals shaped with
NiTi rotary files could be due to the crown-down technique, which has
various advantages over the step-back technique. The great flexibility
of NiTi instruments, lowers the possibility of canal transportation for
curved canal shaping.?

In this study, fracture incidence was 3.2% for the manual step-back
technique and 1.8% for the rotary technique. Contrary to our study,
Alrahabi?* found that instrument fracture incidence was 5.56% and
1.1% for NiTi rotary instruments and stainless steel files, respectively.
According to Igbal et al.?, the frequency of instrument fracture is
seven times higher for rotary NiTi instrumentation than hand
instruments. But in this study, there was no significant difference in
the rate of broken instruments in the manual or rotary groups.
According to Sonntag et al.?, even though the novice operators
created more fractures, they accomplished better RCTs with rotary
NiTi instruments compared to hand files. The percentage of broken
NiTi rotary instruments ranges from 3.7 % to 13.3 % in undergraduate
researches.??? Instrument fracture can be caused by improper file
use and a lack of experience.?” Experience is the most essential
element determining error rates in rotary files.?”

In other studies, evaluating RCT done by undergraduate students, the
most common iatrogenic error detected was the ledge formation.'
Indeed, we found a high incidence of apical transportation for both
manual (6.0%) and rotary (3.6%) techniques. It has also been shown
that canal transportation is associated with root canal leaking.?®

In this study, we found out that 27.6% of the canals had
nonhomogeneous density. 33.3% of non-homogeneous fillings were
found in the manual group and 14.3% in the rotary group. Kirkevang
et al." stated that insufficient compactness of the filling causes
microleakage along with the root filling, resulting in failed treatment.
Likewise, Eriksen & Bjertness?® found that the recurrence of apical
periodontitis was higher in poor filling densities.

In this study, the most common iatrogenic error was underfilling
(8.4%) in the manual group and overfilling (7.1%) in the rotary group.
Alamoudi et al." reported that iatrogenic errors such as underfilling,
ledge formation, overfilling, fractured instruments were found 8.4%,
4.2%, 4%, and 3%, respectively. Underfilling may occur due to ledge
formation or insufficient shaping. Insufficient shaping results from
inaccurate working length or debris blockage in the apical.®

Some researchers stated that stainless steel files cause more apical
transportation than nickel-titanium files.3' The active tips of the rigid
stainless steel files cut dentine on the inner side of the curve, forcing
the canal to straighten and formation of ledges.?' Khabbaz et al."
reported root perforation in 11.8% of the cases and apical foramen
perforation in 32.6% of the cases treated by undergraduate students.
Perforation may damage the periodontal ligament and the alveolar
bone, as a result, recovery is adversely affected.’

In a study evaluating the canals treated by Turkish undergraduate
students with hand files in 2006, the successful root canal filling rate
was found to be 33%.32 But, in this study, 53.7% of the cases in the
manual group and 75% of the cases in the rotary group were classified
as successful root fillings. The differences in results may be due to the
differences between educational systems, materials used for
instrumentation and obturation.

One of the limitations of our study was that we made our evaluation
only with periapical radiographs, which are two-dimensional imaging
methods. It is impossible to separate anatomical structures that are
superimposed, such as the root canals. Furthermore, the length of the
root canal fills may not be correctly represented. To avoid
misunderstanding, radiographs with superimposed canals or
anatomical structures were discarded. If the CBCT images of the
patients were evaluated for three-dimensional imaging, different
results could have been obtained. Nevertheless, Alves et al.** found
no significant difference in the detection of iatrogenic errors in
different imaging methods in his study. Due to its high radiation and
cost, CBCT imaging is not always preferred. Other studies showed that
the periapical radiograph is the gold standard when evaluating the
quality of RCT."®3233 Even though the radiological evaluation of the
RCT is critical for treatment's result, the main factor is the antiseptic
environment in which the treatment is performed, and the materials
used.®® Another limitation of our study is that there is no
standardization in apical diameter, canal taper, working time, etc.,
so it is not possible to make a complete comparison in the research. It
will be useful to standardize and re-examine all variables in future
randomized controlled studies.

Before beginning clinical practice, it is critical to master theoretical
knowledge of endodontic principles as well as preclinical practice. In
Istanbul Medipol University, students take the preclinical course for
200 hours. In preclinical course, students work on extracted teeth with
both hand and rotary files. Student training should be improved in both
instrumentation techniques for better treatment outcomes. Self-
assessment of the quality of RCT should be included in the curriculum
to improve preclinical and clinical endodontic instruction, as students
should be able to determine the quality of their work and maintain or
improve it after graduation.

Current undergraduate students will be future clinicians, so regular
evaluation of undergraduate students' work will determine the quality
of future RCTs.?" To increase the success rates of RCT performed in
student clinics, modern treatment methods should be taught to
students as well as traditional treatment methods, and the
opportunities provided by modern technology should be utilized. The
use of rotary files, endo motors, apex locators, and modern materials
in the student clinic should be expanded in all universities. After
graduation, students should know the materials and methods that suit
the needs of both the patients and their own.

Conclusion

In view of our findings, RCT performed by undergraduate dental
students using rotary instrumentation systems is of higher technical
quality and also has fewer procedural errors than manual
instrumentation. It has been shown that the shaping capabilities of
rotary NiTi files are superior to the hand files, even when used by
students, but still there is a need for improvement in the training of
students at the preclinical and clinical levels for both instrumentation
techniques.
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