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SUMMARY

Introduction/Objective The objective of this study is to use scanning electron microscopy (SEM) to
analyze working surfaces of new manual and rotary endodontic instruments and to check possible
existence of manufacture dirt particles or defects on the working surface.

Methods In this study, we used three sets of new manual instruments: K-File, KF (Dentsply Maillefer,
Switzerland) and Hedstorm Files, HF (SybronEndo Co, USA) and three sets of mechanical Ni-Ti instru-
ments - type K3 (SybronEndo Co, USA) and BioRaCe (FKG DENTAIRE Swiss Dental Products, Switzerland).
The instruments were analyzed using SEM method at 170 x magnification while semi-quantitative en-
ergy dispersive x-ray analysis was used to determine chemical composition of dirt particles. Fisher test
(p < 0.05) was applied in statistical analysis.

Results Results showed that none of the instruments were defect-free. The most common defect type
was the presence of metal strips, which were noticed at the surface of all tested instruments. Debris was
present on all manual and only one type of mechanical instruments, K3 (39% in the apical and 33% in
the middle third). Fretting was noticed in all manual KF and all mechanical instruments of the K3 group.
Pitting was common in all manual instruments, KF (33% in the apical and 39% in the middle third) and
HF (11% in the apical and 6% in the middle third). Corrosion of the working surface, metal flash, and
disruption of the cutting edge were marked only in the KF group.

Conclusion Manufacture defects were noticed in all instruments and the most common type of irregular-
ity were metal strips. Electropolished surface of BioRaCe instruments showed no debris of organic origin.
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INTRODUCTION

Clinical endodontics implies the so-called “clean-
ing and shaping” concept, with cleaning the
complex endodontic space from vital, necrotic, or
infected pulp tissue, bacteria and their products
and shaping while preserving the original form
of the radix canal [1, 2, 3].

Chemomechanical root canal treatment is
usually performed with manual endodontic
instruments (made of stainless steel or Ni-Ti
alloy) or mechanical Ni-Ti rotary endodontic
instruments with adequate and abundant ir-
rigation of the canal system. The use of rotary
Ni-Ti files in endodontic practice reduces the
possibility of errors during instrumentation,
such as obstruction, steps, transportation, and
perforation of the canal wall [4].

Even though Ni-Ti rotary instruments are
more efficient when compared to manual in
almost every aspect (speed, simplicity, and
uniformity of instrumentation), their drawback
is the possibility of deformation and fracture
during instrumentation, most likely due to
inadequate use [5].

A fractured instrument is a serious threat to
treatment, irrigation, and filling of root canals
and it may significantly affect the outcome of
endodontic treatment [6]. Numerous studies
researched the factors which can influence
deformation and fracture of manual and me-
chanical endodontic instruments: Parashos et
al. [7], Di Fiore [8], Shen et al. [9], Kosti et al.
[10], Priyanka et al. [11], Gil et al. [12]. In 2018,
Boutsioukis and Lambrianidis [13] made an
outline of all these factors and grouped them
into four categories: operator-related factors,
anatomy-related factors, instrument-related
factors and technique/use-related factors.

It is confirmed that endodontic instruments,
due to their design and different manufacture
process, may significantly impact deformation
and fracture during root canal instrumentation
[10]. Most of new endodontic instruments are
non-sterile and can contain various metal de-
bris, dirt particles, and epithelial cells on their
surface. The process of production of stainless
steel files can lead to the presence of small metal
scraps that are more or less retained at the work
surfaces of the files [14].
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Stainless steel endodontic instruments are usually made
by twisting of various steel profiles by longitudinal axis,
thus forming blades from vertical wire edges [15]. Ni-Ti
rotary instruments are used in endodontic procedure due to
their good mechanical properties, biocompatibility, ductil-
ity, corrosion resistance, low elastic modulus, and special
characteristics such as super-elasticity and shape memory
effect [16]. Production of Ni-Ti mechanical endodontic
instruments is more complex when compared to the process
of steel instrument manufacture. Due to memory property
of the Ni-Ti alloy, the majority of instruments are manu-
factured by engraving on a milling machine rather than
by twisting [15]. Despite the fact that top-notch computer
technology is used to manufacture very complicated Ni-Ti
instruments (computer-aided design and computer-aided
manufacturing - CAD-CAM), surface defects including
fretting, cracks, pitting, and dirt are very common [15].
Irregularities at the instrument surface might increase its
vulnerability to fracture. Surface defects seem to be points
of tension and can cause initiation and spread of cracks,
thus potentially highly contributing to possible fractures
during instrument activation [13].

The aim of this study is to use a scanning electron
microscope (SEM) to analyze working surfaces of new
manual and mechanical endodontic instruments and to
check possible existence of manufacture impurities or
defects on the working surface.

METHODS

This research implied the use of three basic sets (each set
consisting of six instruments) of new manual stainless steel
instruments: K-File - KF (Dentsply Maillefer,
Ballaigues, Switzerland) and Hedstorm Files - HF

strips; score 8 — blunt cutting edge; score 9 — disruption
of cutting edge; score 10 — corrosion; score 11 — debris.
Qualitative analysis was performed, though obtained results
were not quantified. Semi-quantitative Energy Dispersive
X-Ray Analysis (EDXS) determined chemical composition
of the found dirt particles.

The study was approved by the Ethics Commission of the
School of Dental Medicine, University of Belgrade (36/6).

Statistical analysis of obtained results was performed
using the Fisher’s test (p < 0.05).

RESULTS

Obtained results are presented in Tables 1 and 2 and Figures
1-9.

The results showed that all tested instruments had some
kind of defect on their working surface. New manual and
mechanical instruments did not show any signs of micro
fractures, fractures, or blunt cutting edges (Tablel).

Metal strips were the most common defect type noticed
on the surface of all tested instruments (Figure 1).

In K3 rotary group of Ni-Ti instruments, the presence
of this contamination was 89% in the apical and 78% in the
middle third. In all other groups, this defect was present in
100% of the cases (Table 1, Figure 2). Fisher’s test statistical
analysis did not show any significant differences between
the tested instruments and their apical or middle thirds.

Analysis of SEM microphotographs determined the con-
tamination of the working surfaces of the tested instruments,
and subsequent EDXS defined the chemical composition
of the contamination (Figure 3, Table 2). Thus, we divided
instruments into two types — instruments contaminated

Table 1. Presence of defects and dirt on the working surface of the tested instruments

(SybronEndo Co, Orange, CA, USA) and three

KF HF K3 BioRaCe

basic sets (each set consisting of six instruments) Defects Apical | Middle | Apical | Middle | Apical | Middle | Apical | Middle
of machine endodontic instruments, type K3 third | third | third | third | third | third | third | third
(SybronEndo Co) and BioRaCe (FKG DENTAIRE Pitting 6 7 2 1 / / / /
Swiss Dental Products, La Chaux-de-Fonds, Fretting 18 18 / / 18 18 / /
Switzerland). SEM analysis (JEOL JSM-6610LV, Metal-flash 2 1 / / / / / /

Tokyo, Japan) was carried out at the SEM-EDS

Metal-strips 18 18 18 18 16 14 18 18

(energy dispersive X-ray spectroscopy) laboratory

Disruption of

s ; ; cutting edge ! / / / / / / /

of the Faculty of Mining and Geology, University 9edg
of Belgrade, without any prior preparation. Corrosion 2 3 / / ! ! / /
Debris 18 18 10 10 7 6 / /

Microphotographs are realized at 170 x mag-

nification, but in case of noticeable changes on
the instruments, for the purpose of more detailed
analysis, they are carried out at magnification of
up to 800 x. The apex and the middle third of
the instruments were analyzed from two differ-
ent directions and each side of instrument was
analyzed by three images.

Analysis of different irregularities and omis-
sions during manufacture process implied the

SEl 20kV

criteria proposed by Eggert etal. [17]: score 1 —no &<

visible defect; score 2 — pitting; score 3 - fretting;
score 4 — micro fractures; score 5 — complete
fracture; score 6 — metal flash; score 7 — metal
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HF - Hedstorm files; KF - K-file

SEI  20kV
UB-RGF

Figure 1. (a) Scanning electron microscopy analysis of a K-File instrument work-
ing surface (middle third) with metal strips and fretting (magnification 170 x);
(b) detail from picture (a), metal strips on working surface of the K-File instrument
(magnification 800 x)
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Metal strips
100% 100% 100% 100% 100% 100%
89%
Apical third Middle Apical third Middle Apicalthird Middle Apical third Middle
third third third third
KF (new) KH (new) K3 (new) BioRace (new)

Figure 2. The presence of metal strips on the working surface of the tested in-
struments

Table 2. Chemical composition of impurities (spectrums 1 and 2) and clean K-3instrument

(spectrum 3); chemical analyses are given in wt.% and are normalized to 100 wt.%

Jovanovi¢-Medojevi¢ M. et al.

SEl  20kV
UB-RGF

x170

100  —

Figure 5. Scanning electron microscopy analysis of the
working surface of K3 instruments (apical third) with metal
strips, fretting, and debris (magnification 170 x)

with metal strips and instruments with
debris.

Spectrum| C | N| O |[Na|Mg|Al|Si|S |Cl|K |Ca| Ti |Fe| Ni |Total Debris was present in all manual in-
1 477] 0 |374(23| 1 /02|25]09(36(16|1.1| 06 1.1 | 100 struments: KF instruments (100% in the
2 499 0 |34.1(07|06|04|1.8(03|05|04|76| 2 1.7 | 100 |  apical and middle third) and HF instru-
3 0 0 0 olololololololol43 557 | 100 ments (56% in the apical and middle

third). This contamination type was

Spectrum 3

Spectrum 2

N 200um .

marked in only one type of mechanical
Ni-Ti instruments — K3 (39% in the
apical and 33% in the middle third),
while BioRaCe group did not show any
presence of debris. (Table 1, Figure 4).
While comparing debris in different
manual instruments (KF and HF), a
statistically significant difference was
noticed (p = 0.0029 in the apical and
p = 0.0029 in the middle third). Also,
among different mechanical Ni-Ti in-
struments (K3 and BioRaCE), there
was a statistically significant difference
in debris contamination; (p = 0.076 in
the apical and p = 0.0191 in the middle
third). Statistically significant difference
was also noticed when all manual (KF

Figure 3. Energy-dispersive X-ray spectroscopy analysis

Debris
100% 100%
Apical third Middle Apicalthird Middle Apical third Middle Apical third Middle
third third third third
KF (new) KH (new) K3 (new) BioRace (new)

Figure 4. The presence of debris on the working surface of the tested instruments

DOI: https://doi.org/10.2298/SARH190704018J

and KH) instruments were compared

to all mechanical rotary Ni-Ti (K3 and
BioRaCe) instruments: (p = 0.0001in the

apical and p = 0.0001 in the middle third).

Fretting caused by manufacture was noticed in

all manual instruments of the KF group and all
mechanical Ni-Ti instruments of the K3 group,
while manual HF and mechanical BioRaCe in-
struments did not show any signs of fretting
(Table 1, Figure 5). While comparing fretting
on different manual instruments (KF and HF),
a statistically significant difference was noticed
in the apical and the middle third (p = 0.0001 in
the apical and p = 0.0001 in the middle third). In
addition, among mechanical Ni-Ti instruments
(K3 and BioRaCE), there was a significant statisti-
cal difference in fretting on the working surface
(p = 0.0001 in apical and p = 0.0001 in middle
third). A statistically significant difference in

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):398-403
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Fretting

third third third

KF (new) KH (new) K3 (new)

BioRace (new)

Apicalthird Middle Apical third Middle Apicalthird Middle Apical third Middle SEl  20kV x170 100um  S—
third

UB-RGF

Figure 8. Scanning electron microscopy analysis of the
working surface of a Hedstorm file instrument (middle

Figure 6. The presence of fretting on the working surface of tested instruments

third) with pitting and debris (magnification 170 x)

Pitting

Apical Middle Apical Middle Apical Middle Apical
third third third third third third third

KF (new) KH (new) K3 (new)

BioRace (new)

Middle SEl  20kV
third US-ROE

Figure 9. Scanning electron microscopy analysis of

Figure 7. The presence of pitting on the working surface of the tested instruments

fretting was not marked when all manual instruments (KF
and HF) were compared to all mechanical rotary Ni-Ti (K3
and BioRaCe) instruments (Figure 6).

Pitting was marked in the apical and the middle third
of the manual instruments, KF (33% in the apical and 39%
in the middle third) and HF (11% in the apical and 6%
in the middle third), though none of the groups of Ni-Ti
instruments (Figure 4) showed any signs of pitting (Table
1, Figures 7 and 8). While comparing pitting in various
manual instruments (KF and HF), a statistically significant
difference was noticed in the apical third (p = 0.0051),
which was also marked in the middle third (p = 0.0045).
Among tested mechanical Ni-Ti instruments, there was
no statistically significant difference in pitting (K3 and
BioRaCE). Statistically significant difference in pitting was
noticed by mutual comparison of all manual (KF and HF)
and all mechanical rotary (K3 and BioRaCe) instruments
(p =0.0051 in the apical and p = 0.0051 in the middle third).

Corrosion of the working surface, metal flash, and
disruption of cutting edge were marked only in KF instru-
ments (corrosion — 11% in the apical and 17% in the middle
third; metal flash — 11% in the apical and 6% in the middle
third; disruption of cutting edge — 2% in the apical third)
(Table 1) In the second group of KH manual instruments
and in both groups of mechanical NI-Ti instruments (K3
and BioRaCe), corrosion, metal flash, and disruption of
the cutting edge were not detected (Figure 9).

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):398-403

theworking surface of a BioRaCe instrument (middle
third) with a small number of metal strips on the electro-
polished surface (magnification 170 x)

DISCUSSION

Above all, success of endodontic therapy depends on
proper instrumentation and biomechanical cleaning of
the root canal. Design of endodontic instruments, their
metallurgical characteristics and surface may complicate
endodontic treatment in case the instrument deforms or
fractures during use. It is proved that manufacture defects
might cause fracture of new instruments even during their
first clinical use [18].

Results of this study showed that all analyzed instru-
ments had at least one (or more) different defects prior to
any use. Defects found on new instruments only confirm
the difficulties in manufacture of specific endodontic in-
struments, and issues that may arise during their clinical
use. New processes of instruments’ manufacture that aim
at improving used materials, minimizing inherent defects
and increasing the resistance of instruments to deformation
and fracture very often remain undisclosed, usually due to
manufacturers’ originality and patents [19].

Fretting caused by manufacture process (due to milling),
was marked in almost all tested manual steel instruments.
Manufacture process of rotary Ni-Ti endodontic instruments
is much more complex than the process of stainless steel
instruments manufacture since they have to be mechanically
treated instead of just being twisted as steel instruments. As
a result, the problem is in this case even more significant.

www.srpskiarhiv.rs ‘
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Attempts to conventionally manufacture Ni-Ti instruments
by twisting the wire would probably result in their fracture;
therefore, shaping of these instruments is achieved by even
pressure from a series of rollers applied to the Ni-Ti wire,
thus defining its shape, conicity, form of blade edges, i.e.
design characteristics of such instruments. Difficulties
during manufacture of rotary endodontic instruments
and elimination of surface irregularities such as traces of
milling and metal flash (especially on blades) which might
compromise efficiency of instrument blade and potentially
cause problems related to corrosion or fracture [18].

Presence of metal strips, noticed in all the tested groups
with the score of 100% apart from group K3 (78% in the
middle and 89% in the apical third), confirms the complex-
ity of endodontic instrument manufacture.

Pitting on the working surface of an instrument was
noticed only in case of manual steel instruments (KE, HF),
and it could be explained by the specific technological
process of manufacture, as is the case with the presence of
metal flash and defects on the cutting edge in the KF group.

Manufacturers are constantly in search of metallurgical
modifications of the Ni-Ti alloy, trying to find a perfect
solution that would increase the performance in terms of
super-elasticity and memory properties of the alloy [20].
During the manufacturing process, problems might occur
due to the quality of the Ni-Ti alloy since particles of oxide
might stay incorporated in the alloy during the manufac-
turing process. Instrumentation and stress propagation
might impact these points and make nucleation spots for
the development of micro-fractures and possible instru-
ment defects [21].

Composition of the Ni-Tj alloy used for the construction
of endodontic instruments is 56% (weight) of nickel and 44%
(weight) of titanium, thus achieving their equiatomic rela-
tion. Despite the fact that only one manufacturer (Dentsply
Maillefer Instruments) has revealed the complete composi-
tion and detailed technological process of rotary instruments
manufacture, it is assumed to be the only relation between
the elements that gives alloy its super-elastic characteris-
tic. Variation of the Ni-Ti alloy composition enables the
manufacture of instruments with different properties: either
super-elastic alloy or better memory property. Increasing
the percentage of nickel or replacing the elements in traces
(e.g. cobalt) results in decreased temperature of transfor-
mation. Increase in annealing temperature increases the
transformation temperature as well [18].

Results of this study showed the presence of debris in all
instruments apart from the BioRaCe group of instruments.
This is explained by the existence of electrochemically treated
working surface of BioRaCe instruments, thus achieving
better cutting edge efficacy and resistance to wear and tear.
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Electrochemical polishing decreases irregularities at the
surface of instruments, thus decreasing the accumulation
of organic debris [22, 23].
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CONCLUSION

Based on the results of this research, it is concluded that
all tested instruments showed manufacture defects (one
or more), and that the most common defect type was the
presence of metal strips on working surfaces of instru-
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well analyzed in order to avoid possible complications
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AHanu3a noBpLUMHE PAAHOT AeNa HOBUX PYYHUX U MALUMHCKUX EHAO0A0HTCKUX
MHCTpyMeHaTa (cKeHupajyha enekTpoHCKa MUKpoOCKonuja)

Munuua JoaHosuh-Megojesuh', MaptuHa Menemuniw?, JeneHa Hewkosuh', MapujaHa Monoswuh-bajuh'’, Hophe Crpatumnposuh?,

CnaBosby6 KnekoBUh!

'YHuBep3utet y beorpagy, Cromatonoluku dakyntet, KnuHnka 3a 6onect 3yba n engopoHuujy, beorpag, Cpbuja;

*TMpuBaTHa cTOMaToNOLWKa opAvHaLvja,AneHT”, beorpag, Cpbuja;

*Yuusepautet y beorpaay, Cromatonolku Gakyntet, IHcTUTyTCkn npeameTy, beorpap, Cpbuja

CAXETAK

YBoa/Lusb Linsb oBor paaa je 610 fa ce NpMMeHOM CKeHu-
pajyhe enektpoHcke mukpockonuje (CEM) aHanu3upajy nosp-
LUHE HOBUX PYYHUX Y MALLMHCKMX eHAO[OHTCKIX MHCTPYMeHa-
Ta 1 NPOBEePW eBEHTYasTHO MOCTOjakbe NPOM3BOAHUX Heunctoha
uny gedekata Ha pagHOM Jeny.

MeTtoge Y uctpaxmBarby cy KopuwheHa no Tpu ceta HOBUX
py4YHUX MHCTPyMeHaTa: K-File, KF (Dentsply Maillefer, Lsajuap-
cKa) n Hedstorm Files, HF (SybronEndo Co, CA[l) 1 no Tpu ceTa
MawmHckux Ni-Ti uHcTpymeHata, Tuna K3 (SybronEndo Co) un
BioRaCe (FKG DENTAIRE Swiss Dental Products, LLBajuapcka). Vn-
CTpyMeHTV cy noaBprHyT CEM aHanu3m ca yBehamwem 170X, a
CeMUKBAHTUTATBHOM, EDXS aHann3om yTBphBaH je xemujcku
cactaB Heunctohe. CTaTucTiyKa aHanw3a je ypaheHa npymeHom
Quweposor TecTa (p < 0,05).

PesynrtaTtm Pe3yntaTti cy nokasanu Aa He NOCTOjU HWjeAaH WH-
CTPYMeHT 6e3 gedekTa. Hajyyectanmju Tun gedekra je 6uno
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MPUCYCTBO METANIHNX OMWIbaKa, KOjy Cy YOUEHM Ha MOBPLUMHM
CBUX UCNUTVMBAHUX NHCTPYMeHaTa. [lebpu je youeH Ha cBUM
PYYHVM 11 CAMO Ha jeIHOM TUMYy MalIUHCKUX UHCTPyMeHaTa, K3
(39% Ha anvkanHoj 1 33% Ha cpeaH0j TpehuHy). Xnebosu cy
YOUEH Ha CBUM PYUHUM KF 1 CBUM MaLLMHCKAM UHCTPYMEHTU-
Ma rpyne K3. MpucycTBo yny6sberba 3a6eneXeHo je Kof pyuHuX
UHcTpymeHara, KF (33% anukanHa 1 39% cpegtba TpehunHa) n
HF (11% anukanHa n 6% cpeprba TpehrHa). Koposuja pagHe
MOBPLUMHE, MOjaBa yriayaHe NoBpLIMHE U MPEKNS CEYMBHE
nBMLe Cy youeHu camo y rpynu KF.

3aKrbyyak Ha cBUM NCMUTMBAHUM UHCTPYMEHTMMA CY YOUEeH
npou3BoAHY fedeKTu, a HajyuecTanujy Tn HeMPaBUIHOCTY Cy
MeTasHU onusbLn. Ha enekTpononvpaHoj noBpLUHY MHCTPY-
MeHata BioRaCe Huje youeHO NpuUcycTBO opraHcKor aebpuja.

KrbyuHe peun: uennunu pyyuHu uHctpymeHTu, Ni-Ti potupajyhin
nHcTpymeHTy, Aedextn, CEM, nebpun
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