CPINCKMU APXMB

3A LLEENOKYIMNHO JIEKAPCTBO

SERBIAN ARCHIVES
OF MEDICINE

Address: 1 Kraljice Natalije Street, Belgrade 11000, Serbia
+381 11 4092 776, Fax: +381 11 3348 653
E-mail: office@srpskiarhiv.rs, Web address: www.srpskiarhiv.rs

Paper Accepted” ISSN Online 2406-0895

Original Article / Opurunananu pan

Slavoljub Zivkovi¢', Jelena Neskovié, Marijana Popovi¢-Baji¢, Milica Medojevic¢-Jovanovié

The efficiency of canal cleaning with reciprocating movements
instruments — SEM study

EdukacHoct ynnrhema kaHana THCTPYMEHTHMA (¢ PEUIPOTHUM
nokperuma — CEM cryauja

YUniversity of Belgrade, School of Dental Medicine, Department of Restorative Odontology and Endodontics,
Belgrade, Serbia

Received: April 12, 2019

Revised: December 2, 2019

Accepted: December 27, 2019

Online First: January 13, 2020

DOI: https://doi.org/10.2298/SARH190412002Z

“Accepted-papers are articles in press that have gone through due peer review process and have been
accepted for publication by the Editorial Board of the Serbian Archives of Medicine. They have not
yet been copy-edited and/or formatted in the publication house style, and the text may be changed
before the final publication.

Although accepted papers do not yet have all the accompanying bibliographic details available, they
can already be cited using the year of online publication and the DOI, as follows: the author’s last
name and initial of the first name, article title, journal title, online first publication month and year,
and the DOI; e.g.: Petrovi¢ P, Jovanovi¢ J. The title of the article. Srp Arh Celok Lek. Online First,
February 2017.

When the final article is assigned to volumes/issues of the journal, the Article in Press version will be
removed and the final version will appear in the associated published volumes/issues of the journal.
The date the article was made available online first will be carried over.

fCorrespondence to:

Slavoljub ZIVKOVIC

School of Dental Medicine
Rankeova 4

Belgrade, Serbia

Email: slavzivkovic@gmail.com


http://www.srpskiarhiv.rs/

Srp Arh Celok Lek 2020 | Online First December 13, 2020 | DOIL: https://doi.org/10.2298/SARH190412002Z 2

The efficiency of canal cleaning with reciprocating movements
instruments — SEM study

Edukacnoct unihema kaHaia ”HCTPYMEHTHMA Ca PELUTTPOYHUM

nokpetuma — CEM cryauja

SUMMARY

Introduction/Aim The application of NiTi instruments in
cleaning and shaping of the root canal system is a standard
and a precondition for the success of endodontic treatment.
The aim of this study was to use SEM analysis in order to
examine the efficiency of cleaning the apical third of the
root canal system using two different NiTi systems with
reciprocating movements.

Methods The study included 20 single-rooted teeth
(premolars) divided into two groups. In group 1, the canal
preparation was realized with a single file UNICONE with
reciprocating movements (MEDIN, Czech Republic), and in
group 2, with RECIPROC BLUE instrument with
reciprocating movements (UDW, Germany). The same
quantities of a 2% NaOCI solution and a 17% EDTA
solution were used as irrigation solutions. The samples
prepared for SEM analysis of the smear layer in the apical
third were evolved on a scale of 1-5 and at a magnification
of 1000x.

Results SEM analysis pointed to mostly clean canal walls in
the apical segment in both tested groups. Slightly cleaner
walls were observed after the application of the UNICONE
file (78%) compared to.the samples ofithe second group
where the instrumentation was realized by the RECIPROC
BLUE file (76%), but without statistically significant
differences.

Conclusion Single-file reciprocating systems do not remove
the smear layer/completely, but provide efficient cleaning of
the apical region of the canal.

Keywords: cleaning, smear layer; reciprocating movements,
SEM, NiTi instruments

INTRODUCTION

CAXKETAK

VYeon/Lluib Tlpumena NiTi uHcTypMeHara y dumhemy U
o0NMKOBaky KaHala je CTaHZapld M IpeaycioB 3a yCHex
SHIIOJOHTCKOT TpeTMaHa. L{uss oBor pazna je 6mo na ce CEM
aHaNMM30M 1poBepH edukacHoCcT yuiihierma. anuKaiHe
tpehuHe KaHanma mpuMeHoM jBa pasiandnta NiTi cucrema ca
PELMIPOYHNAM TTOKPETHMA,

Metone Y ucrpaxuBame je ykibydeHo 20 jemHOKOpEHHX
3y6a (mpemornapa) mojeJbeHUX y nBe Tpyme. [Ipemnapaiuja
KaHajia y MpBOj IPYNH je peann30BaHa jeJHOM TYPIIHjOM ca
peuunpounnm nokperuma UNICONE (MEDIN, Yemka), a 'y
JPYroj = MHCTPYMEHTOM . €Ca pPCLUNPOYHUM IOKPETUMA
RECIPROC BLUE (UDW, Hemauka). Kao pactBopu 3a
npuranyjy kopuuihene cy ucre konmuumHe 2% pacTBOpa
NaOCIl m 17% pacrsop EDTA. V3opuu npunpemsbeHu 3a
CEM anamm3y pa3Mmas3HOT cjoja y anukanHoj TpehuHu cy
CBOJIyMpaHN IIpeMa CKaIu of 1-5 W Ha yBenmuuamy Of
1000x.

Pesyaratu CEM ananmsa je ykas3ajga Ha YIJIaBHOM YHCTE
3H/I0BE KaHajla y aleKCHOM CerMeHTy y obe TecTupaHe
rpyne. HemTo 4uCTHjU 3UI0BH YOUYEHH CY IIOCIIE NMPUMEHE
UNICON Ttypnuje (78%) y oaHOCY Ha y30pKe JApyre rpyre
rae je mHcTpyMmeHTtanja peanunzoBana RECIPROC BLUE
typrjom (76%), anu 6e3 CTATHCTHYKH 3HAYAJHUX PA3IIHKA.
3ak/pyyak PenunpovHu cCHCTEMH ca jeTHOM TYpIHjOM He
VKIamkajy TMOTIYHO pa3MasHH cinoj amu  00e30ehyjy
edpukacHO ynmheme aruKalHe perhje KaHama.

Kibyune peum: uymmherme, pa3MasHH CJ0j, PEHUNPOYHH
mokper, CEM, NiTi uncrpymentu

The preparation of the root canal system is one of the most important stages in

endodontic therapy, and the application of NiTi instruments in the cleaning and shaping of

the canal is a standard and a prerequisite for the success of endodontic treatment [1].

Adequate root canal preparation increases the efficiency of irrigants and medicines and

ensures satisfactory geometry and canal dimensions for better quality of the obturation [2].
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Problems related to frequent fractures and deformations of NiTi rotating instruments
during the preparation influenced the introduction of new systems and concepts of
preparation that are based on changing the dynamics of movement and reducing the number
of instruments necessary for adequate cleaning and shaping of the canal [2, 3, 4].

A system of preparation based on the application of NiTi instruments with
reciprocating movements, and the fact that these systems are most commonly presented with
only one instrument, showed new possibilities in the instrumentation [2;5, 6, 7]. The
reciprocating movements of the instrument (based on the technique of balanced forces )
imply alternating rotation of the instrument in the direction of counterclockwise movement
and much shorter movement in the clockwise direction, which significantly reduces torsional
stress and cyclical fatigue, and thus the possibility of breakage of the instrument during
preparation [2, 8, 9].

The research indicates that reciprocating movements do not diminish the cutting
efficiency of the files and that the quality of the preparation depends primarily on the design
of the working part of the instrument, the cross-section, the material from which it was made
and the special treatment of the alloy and the surface of the working part of the file [2, 3, 5,
10]. Cutting efficiency can be reduced only due to prolonged clinical use [11]. The studies
also confirmed that the files with reciprocating movements are able to design both straight
and curved canals equally well, thanks to the cross-section of the file, the M-WIRE alloy and
the reciprocating kinematics [5, 12].

The concept of preparation by a single instrument significantly reduces preparation
time, but also allows endodontists to devote more time to irrigation techniques in order to
increase the efficiency of cleaning and disinfection of a complex canal system [3, 5, 13].
Endodontic practice confirms that the fundamental cleaning of the canal system is difficult to

achieve and that the particular problem is the apical segment of the canal [2, 3, 5].
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The data on the effects of files with reciprocating movements on the quality of
cleaning and removing the smear layer from the canal walls are relatively scarce and mostly
indicate similar findings with NiTi full rotation systems [10, 14, 15, 16].

The aim of this study was to use SEM analysis in order to examine the efficiency of
cleaning the apical third of the root canal system using two different NiTi systems with
reciprocating movements.

The null hypothesis of this study is that there will be no significant differences.inthe

amount of the smear layer in different reciprocating systems with.a single file.

METHODS

The study included 20 single-roated teeth (premolars) extracted due to periodontal
problems. The study was realized with the permission of the Ethics Committee of the School
of Dental Medicine in Belgrade, 36/6, 10 January 2013.

With all the teeth, after the formation of the access cavity on the occlusal surface of
the teeth, a certain working length is determined (1 mm shorter than the length at which the
top of the instrument appears at the apex). At the top of each root, a pink wax bead is placed
in-order for the preparation to be carried out under the conditions that are most closely related
to the clinical situation. The teeth were then randomly divided into two groups (10 teeth).

In the first group, the canal preparation was realized with a single instrument
UNICONE with reciprocating movements (MEDIN, Czech Republic), sizes 25/06. After
examining the passage through the hand instrument (ISO 15), the canal was filled with 0.5 ml
of a 2% NaOCl solution (CHLORAXID 2%, CERCAMED, POLAND) and the instrument
was placed to the working length (3-5 times) with gentle pulling movements. After extracting
the instrument, the remaining amount of NaOCI solution (0.5 ml) was applied into the canal.

Then, a 17% EDTA solution (CALCINASE, EDTA solution, Lege Artis, Pharma GmbH)
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was placed into the canal and with the same movements (3-5 times) was further placed to the
working length (1 ml). The final rinsing was done with an additional 2 ml of a 2% NaOCI
solution. The preparation was carried out by ENDO A CLASS endomotor (MEDIN, Czech
Republic).

In the second group, the canal preparation was also realized with a single instrument
RECIPROC BLUE with reciprocating movements (VDW, Gmbh, Germany), sizes 25/08, in
the same way as in the first group. The preparation in this group was realized by the VDW

SILVER endomotor (VDW, Gmbh, Germany).

SEM ANALYSIS

After completion of the instrumentation, the dental crowns were cut in the
cementoenamel junction, so that the remaining root length was 10 mm. The roots were then
separated into half (20 in each group) by a diamond disc and a chisel.

Only the apical third of theroot (region of 3 mm from the boundary of the
preparation) was selected for analysis, so that 5 standard microphotographs (total of 200
images) were made for each sample on magnification of 1000x (JEOL; JSM, 6460LV,
Japan).

The presence of the smear layer in the apical third of the canal was evaluated
according to the criteria of Hiilsmann et al. [16].

Score 1 — no smear layer, dentine tubules are open

Score 2 — a little smear layer, several tubules are open

Score 3 —a homogeneous smear layer covers the wall, a few tubules are open

Score 4 — the entire wall of the canal is covered with a smear layer, there are no open
tubules

Score 5 — a non-homogenous smear layer covers the entire wall of the canal

DOI: https://doi.org/10.2298/SARH1904120027Z Copyright © Serbian Medical Society
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The analysis and the scoring of the saved microphotographs were done by two
independent researchers. In the event of disagreement, the discussion lasted until consensus
was reached.

The clean wall of the canal included scores 1 and 2 and the wall with the present smear layer
included scores 3, 4 and 5.
The results were processed in the SPSS 20 program (IBM, Chicago), and the descriptive

statistics method and the Hi square test were used in the statistical analysis.

RESULTS

The obtained results are shown in Tables'1, 2 and 3 and in Figures 1-and 2.

SEM analysis of the canal walls showed that no reciprocating motion system provided
complete cleaning in the apical third. The average values of the smear layer were similar and
slightly less in the first group where the instrumentation was realized with the UNICONE
instrument (1.88), compared to.the second group where the RECIPROC BLUE instrument
(2.04) was used (Table 1).

The obtained results indicated somewhat cleaner walls of the apical part of the canal
(scores 1 and 2) in the samples of the first group and after the application of the UNICONE
instrument (78%), compared to the samples of the second group and the instrumentation with
the RECIPROC BLUE file (76%) (Tables 2 and 3).

The presence of the smear layer in the first group (UNICONE) was most often rated a
1 (40%) (Figure 1), then a 2 (38%), a 3 (16%), and a 4 (6%). No sample was rated a 5 (Table
2). In the second group (RECIPROC BLUE), the presence of the smear layer was most often
rated a 2 (42%) (Figure 2), then a 1 (34%), a 3 (14%), a 4 (6%) and a 5 (4%).

(Table 2)
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DISCUSSION

An effective endodontic treatment involves the complete elimination of
microorganisms from the canal system and the prevention of reinfection with adequate
mechanical instrumentation, irrigation, and medication [13, 17]. Numerous studies confirm
that efficient canal cleaning is difficult to achieve and that the quality of cleaning is reduced
starting from the crown and the middle part of the canal according to the apical segment,
primarily because of the inaccessibility and inadequate diameter of the apex preparation;i.e.
the reduced effect of the solution for irrigation [5, 14, 17, 18, 19].

The main aim of this study was to analyze the effects of two different systems with
reciprocating movements on the quality of the cleaning of the apical part of the canal and
examine the effects of individual files in'the removal of the smear layer. The endodontic
procedure was performed by a practitioner on simple canal systems, using the same amounts
of irrigation solution (NaOCl.and EDTA — which are considered to be the gold standards in
hemomechanical canal preparation), and instruments with reciprocating movements
(UNICONE, RECIPROC BLUE) were used according to the manufacturer's instructions and
standardized irrigation procedure (the same amount and time) for each canal in both
experimental groups [5, 14, 20].

The null hypothesis of this study was accepted, because the files with reciprocating
movements produced similar amounts of the smear layer in the apical third of the canal in
both tested groups.

In the literature, there are few studies that examined the efficiency of the files with
reciprocating movements in removing the smear layer [3, 14, 21, 22, 23]. The results indicate
that these files have similar cleaning effects as well as instruments with full rotation and can

not provide complete cleaning of the canal system [2, 3, 21, 23].
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It was also confirmed that the efficiency of the cutting of files with reciprocating
movements is not influenced by the dynamics of the movement of instruments in the canal,
but above all it is influenced by the design of the working part [2, 14, 22].

An attempt to align nearly all the parameters that may be of importance for the
formation of the smear layer (the same diameter of the apex preparation - ISO 25, the same
time and the amount of irrigants, the same irrigation technique) was made in this study, so
that the decisive role in interpreting the obtained results was assigned precisely to the
instruments used for the preparation of the canal.

The results of these studies pointed to a rather equable but somewhat less average
value of the smear layer in the apical part of thecanal after the application of the UNICONE
file. Primarily, this could be explained by the design of the working part of the instrument
and by the fact that larger spaces between the blades in the instruments with reciprocating
movements allow more efficient elimination of the dentin debris [2, 5, 21]. These findings
coincide with the results of the research where the efficiency of cleaning two systems with a
single file, ane with full rotation and one with reciprocating movements [3, 23], was
examined. The UNICONE reciprocating file with a specific design of the working part and a
different helix angle that allows efficient cutting (triangular cross-section, thermal treatment
of the alloy), exceptional flexibility and improvement of the possibility of eliminating dentine
debris during the canal instrumentation [2, 7, 8, 24] was used in this study.

The working part of the RECIPROC BLUE file has a S cross-sectional shape and 3
different horizontal cross-sections along working part, which, along with an inactive top,
increases the efficiency of cutting and debris removal. The instrument tracks the path of
minor resistance in the canal, so it is usually not necessary to create a canal passage by hand

instruments [3, 22, 25, 26].
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The study by Biirklein et al. [5] confirmed that continuous rotation instruments
produce more smear layers and debris than systems with reciprocating movements, while
SEM analysis of Poggio et al. [14] indicates that files with reciprocating movements cause
the formation of larger amounts of the smear layer on the canal walls. A well-packed smear
layer is explained by the dynamics of the instrument's movement in the canal, the reduced
effect of the irrigation solution (shorter operating time for systems with one instrument), and
the fact that the effect of cutting can be reduced by repeated clinical use[11, 14, 27].

The concept of canal preparation with reciprocating systems with a single instrument
pointed to certain advantages (related to speed, safety, reduced fracture) in comparison with
full rotation systems with multiple instruments [2, 3, 5, 11], but also disadvantages that
include shortened time irrigation, reduced efficiency of the chemical debridement of the canal
system and slightly more pronounced apical extrusion of dentin debris [3, 11, 26, 28].
Similar values and a little smear layer in the apical segment of the canal in the tested files
with reciprocating movements, besides the design of the file, could be attributed to the
enhanced activation of the irrigation solution. Actually, the dynamics of the movement of the
instrument with reciprocating movements can increase the turbulence of the solution
(regardless of the shorter operating time) and reduce the possibility of retaining the smear
layer on the canal walls [2, 22, 28].

The studies confirm that reciprocating single-file systems provide fast and effective canal
shaping with the preservation of original anatomy, significantly reduce the possibility of

torsional fractures and ensure a fairly effective cleaning of the root canal system [2, 15, 27].

CONCLUSION
Within the limits of this study and based on the analyzed parameters, it can be

concluded that NiTi single-file and reciprocating movement systems do not remove the smear

DOI: https://doi.org/10.2298/SARH1904120027Z Copyright © Serbian Medical Society



Srp Arh Celok Lek 2020 | Online First December 13, 2020 | DOIL: https://doi.org/10.2298/SARH190412002Z 10

layer completely, but provide effective cleaning of the apical third of the canal. A small
amount of the smear layer in the apical third after the application of both instruments with
reciprocating movements indicates their good cleaning possibilities with simple canal

systems.

Conflict of interest: None declared.
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Table 1. The average values of the smear layer in the apical third of the canal

13

Score of smear layer

N X SD Med Min Max
UNICONE 100 1.88 0.89 2 1 4
Group | "o PROC T 100 204 | 104 2 1 5
Total 200 1.96 0.97 2 1 5
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Table 2. Results of the smear layer in the apical third of the canal

14

Score of smear layer

1 > 3 4 5 Total

N 40 38 16 6 0 100

Group UNICONE % 40 38 16 6 0 100
RECIPROC | N 34 42 14 6 4 100

BLUE % 34 42 14 6 4 100

Total N 74 80 30 12 4 200

% 37 40 15 6 2 100
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Table 3. Results of cleaning quality in the apical third of the canal

15

Score of smear layer Total
Clean canal Smeared
UNICONE N 78 22 100
Group % 78 22 100
RECIPROC N 76 24 100
BLUE % 76 24 100
Total N 154 46 200

DOI: https://doi.org/10.2298/SARH1904120027Z

Copyright © Serbian Medical Society




Srp Arh Celok Lek 2020 | Online First December 13, 2020 | DOL: https://doi.org/10.2298/SARH190412002Z 16

SEI  20kV x1,000 10pm
UB-RGF

Figure 1. Microphotography of the apical third of the canal after preparation with UNICONE
file / score 1/, SEM 1000x%
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Figure 2. Microphotography of the apical third of the canal after preparation with
RECIPROC BLUE file / score2 /;, SEM 1000x
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