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SUMMARY

Introduction/Objective of this study is to use scanning electron microscopy (SEM) analysis to examine
surfaces of new and same sets of Ni-Ti instruments after canal preparations, to check their suspectability
to corrosion.

Methods In this study, we used five different endodontic Ni-Ti instruments: K3, Mtwo, ProTaper Univer-
sal, HyFlex and BioRaCe. Instruments were analyzed before and after preparation of canals of different
curvature, using SEM (150-2000 x).

Results Corrosion of the working part was observed in 5.5% of new Ni-Ti instruments of the K3 system
(apical and middle segment), in 5.5% of Mtwo instruments (apical third), and in 11.1% of ProTaper Uni-
versal systems (apical and middle third). Corrosion was not observed on the new instruments of the
HyFlex and BioRaCe kits. After instrumentation, disinfection, and sterilization, corrosion was observed
in all sets of K3 and ProTaper Universal systems and in all HyFlex instruments of the first group. Corro-
sion was observed in the HyFlex system in the second group in 16.7% of instruments (apical and middle
third) and in the third 83.3% in the apical and 66.7% in the middle segment. In the Mtwo set, corrosion
was observed in 16.7% of instruments in the first (apical and middle third), in the second group in 33.3%
of instruments in the apical part and 50% in the middle third, while in the third group, corrosion was
observed in 16.7% of instruments in the middle third of instruments.

Conclusion Rotary Ni-Ti instruments K3 and ProTaper Universal are susceptible to corrosion in a very
high percentage. Ni-Ti systems with post-heat treatment of the working part (HyFlex) are somewhat
more resistant to corrosion, while in Ni-Ti systems with electropolished surface (BioRaCe), corrosion is
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INTRODUCTION

During the last decades, machine instrumenta-
tion of root canals with the use of rotary Ni-Ti
instruments has become a standard clinical
procedure and this Ni-Ti instruments, have
enabled easier and faster instrumentation with
a predictable outcome [1, 2]. The fact is that
various factors during mechanical instrumen-
tation of the canal can affect the occurrence
of deformations and unexpected fractures of
Ni-Ti instruments (anatomomorphological
characteristics of the canal, inadequate choice
of endodontic instruments and preparation
techniques, means and techniques of irrigation,
knowledge, expertise and experience), which
significantly frustrates many practitioners and
limits the use of these instruments in certain
clinical indications [3]. One of the factors that
can affect the efficiency and safety of their ap-
plication is the occurrence of corrosion on the
working part of Ni-Ti rotary instruments [4].
Analyzing the surface of new, unused Ni-
Ti instruments, many studies have shown
that on the surface of their working part there

are numerous defects (pitting, fretting, metal
strips...) [5, 6, 7]. The reason for this is the
significantly more complex process of making
rotating Ni-Ti instruments than the making
of steel instruments, which often leads to ir-
regularities on the surface of new Ni-T1i instru-
ments [6, 7]. These changes represent centers
with dislocation of the crystal structure that
can compromise the cutting efficiency of the
instruments and become sites for potential cor-
rosion. Also, these points represent the sites of
initiation of defects and may contribute to the
degradation of mechanical properties and the
appearance of micro or complete fractures dur-
ing the clinical use of Ni-Ti instruments [8].
The presence of numerous defects on the work-
ing part of the instruments as a consequence of
the production process often leads to corrosive
effects on the used instruments.

Corrosion, as an oxidative reaction, leads
to the release of electrons from metals, their
movement towards the surface and the forma-
tion of molecular hydrogen [4]. It has been
confirmed that the occurrence of corrosion
can affect the reduced blade efficiency of rotary
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Ni-Ti instruments, as well as the possible propagation of
other defects [2].

Although it has been proven that there are several
types of corrosion (uniform, galvanic, cracked, pitted,
intergranular, selective corrosion, corrosion in the form
of erosion and grooves, corrosion caused by material
stress), pitting corrosion is the type of corrosion most
common on Ni-Ti alloy surface [4]. The big problem with
this form of corrosion is that the defects are difficult to
detect, until the moment of exposure to aggressive ions
(mainly chlorides) which further propagate this defect.
In the mechanism of this type of corrosion the main role
is played by the microstructure of the material and envi-
ronmental conditions, such as Ph chloride concentration
and temperature [4].

The appearance of corrosion on Ni-Ti instruments
can be caused by the use of different irrigants during
instrumentation, specific conditions of the oral environ-
ment (body temperature, saliva with salts and electrolytes,
blood) as well as multiple cycles of chemical disinfection
and sterilization [9]. The most commonly used irrigant,
sodium hypochlorite (NaOCI), is highly corrosive to Ni-Ti
alloy, ranging in concentrations 1.2-5.25% [2, 10]. Namely,
NaOCl selectively removes nickel from the surface of the
instrument, and thus leads to the formation of micro-
cracks, which negatively affect the physical and mechani-
cal properties of rotary Ni-Ti instruments [2].

Although many studies have been conducted in the last
two decades regarding the effect of NaOCl on Ni-Ti instru-
ments, using microscopy and electrochemical analysis,
quantitative data on corrosion of Ni-Ti rotary instruments
are still scarce [2].

The aim of this research was to analyze the surfaces of
new (unused) and the same sets of rotary Ni-Ti instru-
ments after the preparation of the canals, ie to check their
susceptibility to corrosion.

METHODS

The study included five sets of new rotary Ni-Ti in-
struments of different design: K3 (SybronEndo Co,
Orange, CA, USA), Mtwo (VDW, Munich, Germany),
ProTaperUniversal (Dentsply Maillefer, Ballaigues,

Table 1. Basic characteristics of tested sets of rotary Ni-Ti instruments

Switzerland), HyFlex (Coltene Whaledent group,
Altstétten, Switzerland) and BioRaCe (FKG DENTAIRE
Swiss Dental Products, Le Crét-du-Locle, Switzerland)
(Table 1).

The research was performed in vitro conditions, on per-
manent, multi-rooted teeth, extracted for various reasons
after obtaining the consent of the Ethics Committee of
the School of Dentistry, University of Belgrade number
36/6 from January 21, 2013. After extraction, the teeth
were stored for two hours in 4% sodium hypochlorite so-
lution, and until the beginning of the preparation, they
were stored in physiological solution with 0.2% thymol.
With the help of a high-speed elbow with water spray and
a tungsten-carbide cylindrical drill with a rounded tip
E0153/012 (Dentsply/Maillefer), the existing fillings and
carjously changed tissues were removed, and a round drill
with an extended handle E0123/014 (Dentsply) has done
trepanation of the coronary chamber. With the diamond
disk, the crown of the tooth was shortened to the level of
2 mm coronally from the enamel-cement border.

The final treatment of the walls of the access cavity and
the coronal chamber was completed with a carbide coni-
cal drill with a passive tip Endo Z (Dentsply/Maillefer).
Probing and assessment of the initial patency of the chan-
nel was determined by K-files of ISO 15 size (MicroMega,
Besancon, France) and the working length was determined
to be 1 mm shorter than the length obtained by the appear-
ance of the instrument at the top. An X-ray was performed
on each canal and then the degree of bending for each
canal was determined using an online protractor (https://
www.ginifab.com/feeds/angle_measurementy/).

The degree of canal curvature was determined by
Schneider’s radiographic technique [10] and based on that,
the teeth were divided into three categories:

a) 50 straight canals — less than 10°

b) 50 slightly bent canals - from 10° to 25°

c) 50 strongly bent canals — over 25°.

To mimic in vivo conditions, the apex was sealed with
pink wax to simulate apical counter-pressure and prevent
irrigation from leaking during instrumentation.

In order to achieve uniform experimental conditions,
each instrument was used in ten canals or until the mo-
ment of its fracture (one set from all five examined threads
of the system was applied for processing of 10 canals in

Instrument manufacturer | Design specifics Diameter Taper The process production
K3 SybronEndo triple blades with, positive angle and asymmetric radial 55 0.12-0.02 m|crom|!||ng o
surfaces conventional Ni-Ti
0.04 micromillin
Mtwo VDW S-shape with two active cutting surface angle 10-35 0.05 rng
0.06 conventional Ni-Ti
ProTaperUniversal convex triangle variable progressive taper along the 17-30 regressive | micromilling
Dentsplay-Sirona instrument taper conventional Ni-Ti
0.04 micromillin
HyFlex CM Coltene double Hedstrom design with positive rake angle 20-40 0.06 - 9
0.08 CM-wire
0.04 micromilling
BioRaCe FKG tr|ar)gular with alterations of the cutting edges along 15-40 0.05 conventional Ni-Ti
the instrument 0.06 -
008 electropolished surface
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Table 2. Presence of the signs of corrosion on new rotary Ni-Ti instruments

K3 Mtwo ProTaper Universal HyFlex BioRaCe
Apical third | Middle third | Apical third | Middle third | Apical third | Middle third | Apical third | Middle third | Apical third | Middle third
(5.5%) (5.5%) (5.5%) 0 (11.1%) (11.1%) 0 0 0 0

each experimental group). The instrumentation of the
canal was realized in accordance with the manufacturer’s
instructions, crown-down technique and application of
X-Smart Endodontic Rotary Motor (Dentsply, Sirona,
Maillefer, Ballaigues Salzburg, Austria).

As irrigants, after each instrument, in the amount of
5 cm?, 2% NaOClI solution (Chloraxid 2%, Cerkamed,
Stalowa Wola, Poland) and then distilled water (Iva, Serbia)
were used. Irrigants were applied using a plastic syringe and
an endodontic irrigation needle with a closed tip and side
openings (Side-vented needle, SmearClear, SybronEndo).
Ethylenediamine tetra-acetic acid gel (Glyde-Dentsply,
Maillefer, Switzerland) was used as a lubricant during the
preparation, applied to the working part of the instruments.
During the processing of the canal, each used instrument
was carefully inspected with a magnifying glass, in order to
detect any change (possible cracks, fractures, unscrewing
of twist or other deformations).

The experimental protocol included:

1. Scanning electron microscopy (SEM) analysis, new
unused instruments directly from the factory packag-
ing, the apical and middle thirds of the instrument
from two different directions were analyzed and three
SE images were made for each surface of the instru-
ment

2. preoperative preparation, cleaning in an ultrasonic
bath using a mild disinfectant Orocid Multisept plus
(Oro Clean Chemie AG, Fehraltorf, Switzerland) for
15 minutes

3. Instrumentation according to the proposed proto-
col with abundant irrigation (2% NaOCI solution,
Distilled water, and EDTA)

4. Cleaning in an ultrasonic bath after use with a mild
disinfectant (Orocid Multisept plus) for 15 minutes

5. Sterilization of used instruments performed in an
autoclave (MELAG Medizintechnik GmbH & Co.

KG - Vacuklav 23B +, Berlin, Germany) at 134°C
for five minutes.
6. SEM analysis of used instruments
For defect analysis, the following was inspected:
« 540 recordings of new instruments and 700 recordings
of instruments after canal preparation
o Reconciliation of the results of the two researchers was
performed by Cohen’s kappa analysis

Statistical analysis

Statistical analysis the obtained data was performed using
the Fisher test.

RESULTS

The results of the SEM analysis are shown in Tables 2 and
3 and Figures 1-6.

Corrosion of the working part of new Ni-Ti instruments
was not observed in HyFlex and BioRaCe instruments,
while in other Ni-Ti systems it was observed in a small
percentage (Table 2).

In new Ni-Ti instruments, corrosion was observed in
5.5% of K3 system instruments (apical and middle seg-
ment), in 5.5% of Mtwo instruments (apical third) (Figure
1) and in 11.1% of ProTaper Universal system instruments
(apical and middle third). Corrosion was not observed on
the new sets of HyFlex and BioRaCe instruments (Table 2).

SEM analysis of Ni-Ti instruments after their use, clean-
ing and sterilization indicated the occurrence of corrosion
in 62.8% of the analyzed instruments. After chemo-me-
chanical instrumentation, disinfection and sterilization,
the presence of corrosion was not registered on the Ni-Ti
instruments of the BioRaCe system. The presence of cor-
rosion was observed on all analyzed Ni-Ti instruments

x170 100um

Figure 1. Spin echo image of the new Mtwo instrument (10/0.4): A - surface of the middle third on which the pres-
ence of corrosion is observed (170 x); B — detail from the previous image at higher magnification (600 x)
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Table 3. The presence of corrosion on the sets Ni-Ti instruments after
instrumentation, disinfection and sterilization

Ni-Ti instruments | group Il group Ill group
K3 100% | 100% | 100% | 100% | 100% | 100%
Mtwo 16.7% | 16.7% | 33.3% | 50% 0 16.7%
ProTaper Universal | 100% | 100% | 100% | 100% | 100% | 100%
HyFlex 100% | 100% | 6.7% | 16.7% | 83.3% | 66.7%
BioRaCe 0 0 0 0 0 0
100%
80%
60%
40%
20%
0%

MTWO  PROTAPER  HYFLEX BIORACE

C

Figure 2. Prevalence of corrosion on Ni-Ti instruments after instrumen-
tation of disinfection and sterilization in the canals of the first group;
letters (a or b) indicate no statistically differences (p > 0.05)

120%
100%
80%
60%
40%
20%
. ]
MTWO b PROTAPER a HYFLEX a BIORACE b
m Apical third = Middlethird

Figure 3. Corrosion prevalence on Ni-Ti instruments after instrumenta-
tion, disinfection and sterilization in the channels of the second group;
letters (a or b) indicate no statistically differences (p > 0.05)

Figure 4. Spin echo image K3 instrument (25-0.08), second experi-
mental group (corrosion on the apical third) (45 x)
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Figure 5. Prevalence of corrosion by Ni-Ti instruments after instru-
mentation, disinfection and sterilization of third group; letters (a or
b) indicate no statistically differences (p > 0.05)
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Figure 6. Spin echo image BioRaCe instrument no. 4 without incor-
rection and corrosion (30 x)

(100%) K3 and ProTaper Universal system (apical and
middle third), in all three experimental groups (Table 3).

In the first group, corrosion was observed on all instru-
ments K3, ProTaper Universal and HyFlex systems (api-
cal and middle third), and in Mtwo systems on 16.7% of
instruments (apical and middle third). Corrosion was not
observed in BioRaCe instruments. A statistically signifi-
cant difference was observed between the K3, ProTaper
Universal and HyFlex systems compared to the Mtwo and
BioRaCe systems of the first experimental group (p < 0.05)
(Table 3, Figure 2).

In the second experimental group, corrosion was ob-
served on all analyzed Ni-Ti instruments K3 (Figure 3)
and ProTaper Universal system (apical and middle third),
in HyFlex set on 16.7% of instruments (apical and middle
third), and in Mtwo set instruments, to 33.3% of instru-
ments in the apical segment and 50% in the middle third.
No corrosion was observed on BioRaCe instruments.
A statistically significant difference was observed between
K3 and ProTaper Universal systems compared to Mtwo,
HyFlex and BioRaCe system (p < 0.05) (Table 3, Figure 4).

In the third experimental group, corrosion was ob-
served on all analyzed Ni-Ti instruments K3 and ProTaper
Universal system (apical and middle third), in 83.3% of
HyFlex set instruments in the apical and 66.7% in the

www.srpskiarhiv.rs ‘
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middle segment (Figure 5). In the Mtwo set, corrosion
was observed only in the middle third in 16.7% of the
instruments. A statistically significant difference in the oc-
currence of corrosion was observed between K3, ProTaper
Universal and HyFlex systems in relation to Mtwo and
BioRaCe system (p < 0.05) (Table 3, Figure 6).

Comparing the results of SEM analysis, it was found
that corrosion is the only defect that shows a statistically
significant difference between new and used instruments.
This difference was found between new and used K3 and
ProTaper Universal instruments in all groups, and between
new and used HyFlex instruments in the first and third
groups (p < 0.05).

DISCUSSION

The results of this study indicate a low prevalence of corro-
sion on K3, ProTaper Universal and Mtwo sets, as well as
the absence of corrosion on HyFlex and BioRaCe system
instruments. This result is in accordance with the state-
ments indicating the biocompatibility and good corrosion
resistance of Ni-Ti alloy [2, 11, 12].

Corrosion resistance of Ni-Ti alloy is based on the pres-
ence of a passive oxide film of titanium oxide on the sur-
face which prevents the development of uniform corrosion.
However, beneath this thin layer of titanium oxide (which
also contains small amounts of nickel) is a nickel-rich sub-
layer that is responsible for corrosion [11]. It is believed
that this surface oxide film of titanium oxide increases the
stability of the surface layers of the alloy, protects against
corrosion and ensures the stability of the material itself
[13]. According to the results of research by Stokes and as-
sociates who examined the corrosive effect of new, unused
Ni-Ti instruments from five different manufacturers, it was
confirmed that the occurrence of corrosion on new instru-
ments is influenced by the instrument production process,
ie the quality of control of the manufacturing process [14].

The finding of a significantly higher percentage of cor-
rosion of Ni-Ti rotating instruments after instrumentation,
disinfection and sterilization is in line with the results of
studies confirming that corrosion processes and mecha-
nisms can be activated during chemo-mechanical treat-
ment of channels and application of various organolytic
and mineralolytic substances (CHX, citric acid, etc.) which
with their chemical and electrochemical potential can act
on the surface structure of instruments [15]. It was found
that changes in the surface of the working part of Ni-Ti
instruments can occur as a result of chemo-mechanical
treatment of instruments after instrumentation (cleaning,
chemical disinfection or sterilization) [2, 9, 11].

The current results of studies on the impact of steriliza-
tion on the occurrence of corrosion are contradictory and
there is no clear position on this issue. Multiple steriliza-
tion cycles can cause corrosive changes on the surface of
Ni-Ti files due to changes in the surface layer of titanium
oxide [16, 17]. However, it has also been observed that after
sterilization, resistance to cyclic fatigue and torsional stress
increases in certain types of Ni-Ti instruments because

‘ DOI: https://doi.org/10.2298/SARH210321035)J
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the sterilization process acts as a form of heat treatment
[18]. Manufacturers recommend the mandatory use of gel
lubricants during machine instrumentation, either directly
on the active part of the Ni-Ti instrument or by application
to the pulp chamber [9]. The most commonly used chelat-
ing, mineralolytic agent is ethylenediaminetetraacetic acid
(EDTA, 15-17%), which according to the literature has no
effect on the surface structure of Ni-Ti instruments [19,
20]. In the study of Fajad and Mahran, after immersing
the instruments in a 17% solution of EDTA, there was
no change in their surface structure [19]. According to
research by Reinhard et al. [20], EDTA protects and passiv-
ates the surface of Ni-Ti instruments by forming complexes
with metal ions (at pH values less than four), thus creating
an inhibitory barrier to oxidation and corrosion.

Experimental evidence does not support the use of these
gels, as they not only do not reduce the friction between
the instrument and the dentinal canal, but in some cases
even increase it [13]. Aqueous solutions (or even distilled
water) are much more useful, as they wash the dentinal de-
tritus from the grooves of the instruments more efficiently
[9, 13]. The use of NaOCl solution during instrumentation
is standard because in addition to acting on bacteria and
dissolving tissue debris, it is also very effective as a lubri-
cant. NaOCl was confirmed to be highly corrosive to Ni-Ti
alloy (in the concentration range 1.2% to 5.25%). A lower
NaOCI concentration (1%) does not lead to corrosion and
does not affect torsional and cyclic resistance after a cumu-
lative exposure of 2.5 hours, while a longer exposure of 18
hours indicates clear signs of corrosion [21, 22].

The problem that arises during the disinfection process
and the long-term complete immersion of the instruments
in the sodium hypochlorite solution, arises due to the met-
allurgical characteristics of the instruments. The handle of
the instrument is usually made of different metal in rela-
tion to the working part, so the presence of two metals in
the solution can affect the release of ions and the creation
of galvanic reactions that can accelerate corrosion [21]. It
was confirmed that Ni-Ti alloy corrodes in NaOCl solution
with high pH values (pH 12.3) due to galvanization (due
to gilding on the handle). It is believed that the corrosion
resistance of Ni-Ti alloy can be increased by lowering the
pH value of the solution to about 10, because then passive
oxides, TiO, and NiO, are formed [23].

The occurrence of corrosion on Ni-Ti instruments in
this study could be explained by the fact that the appli-
cation of various chemical procedures before or during
instrumentation (disinfection, sterilization and irrigation)
can cause corrosion or deepening of existing corrosive
defects [22, 23]. Although the surface of rotating Ni-Ti
instruments is usually covered with a protective film of
titanium oxide, this layer can be easily disturbed and dam-
aged during instrumentation and contact of the instrument
with the root canal wall [23, 24, 25].

O’Hoy et al. [22] showed strong corrosion after immer-
sion of instruments in NaOCI solution and Yokoyama et
al. [26] pointed to corrosion as the main reason for the
occurrence of Ni-Ti instrument fracture due to stress due
to cyclic fatigue. Berutti et al. [27] pointed to a significant

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):254-260
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effect of 5% NaOCI solution (within five minutes) on the
appearance of pits and cracks on the surface of Ni-Ti
instruments and Peters et al. [28] proved a decrease in
resistance to cyclic fatigue of Race and ProFile instru-
ments after their exposure to NaOCI. The reason for such
contradictory results is probably a consequence of dif-
ferent methodological procedures (different immersion
times of instruments, different concentration of solution,
different exposure during irrigation, cleaning and disin-
fection) [21-28].

The results of the study by Darabara et al. [29] indicated
that continuous irrigation with 2.5% NaOCl solution does
not lead to corrosion of stainless-steel instruments and Ni-
Ti instruments, but that mechanical rather than corrosive
factors are responsible for the fracture.

The results of studies by Shahi et al. [30] indicated
the resistance of Mtwo instruments to NaOCI solution.
Immersion of Ni-Ti instruments in 2.5% NaOCl solution
for 12-48 hours did not indicate significant changes in the
working part of the instruments, which is in accordance
with the findings of this study [30].

The BioRaCe system of Ni-Ti rotating instruments is
subjected to an electropolishing procedure during final
processing, which reduces the possibility of surface irreg-
ularities and increases resistance to corrosion and cyclic
fatigue, which is also in accordance with the results of this
study [2, 9]. Shahi et al. [30] hypothesized that corrosion
occurs due to manufacturing defects on the surface of
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YTuuaj HaTpujym-xmnoxaopuTa Ha nojasy Koposuje potupajyhux Ni-Ti uHcTpymeHaTa

- CEM aHanuza

Munwuua JoBaHoBuh-Megojesuh', JeneHa Hewwkosuh', MapujaHa Monoswuh-bajuh', hophe Crpatummposuh?,

CnaBomy6 KukoBuh'

'YHuBep3utet y beorpagy, CromatonoLuku dpakyntet, KnuHika 3a 6onect 3yba n engofoHuujy, beorpag, Cpbuja;
YHusep3utet y beorpapy, Cromatonowku dakynteTt, UHctutyTckn npeamet, beorpag, Cpbuja

CAMETAK

YBoa/Llwmb Linrb nctpaxvearba je 610 fja ce NprMeHOM CKEHM-
pajyhe enektpoHcke Mukpockonuje (CEM) aHanu3vpajy nosp-
LUMHE HEKOPULLAEHNX Y UCTUX CETOBA HUKA-TUTaHUJMCKUX (Ni-Ti)
poTupajyhnx nHCTpymMeHaTa HakoH Npenapatuje KaHana, of-
HOCHO Aia Ce MPOBePU HUX0Ba NOASIOKHOCT 3a NojaBy KOpo3uje.
Metopa Y nctpaxmBarbe je yKibyuYeHo neT pasanymTux ceTo-
Ba MalLMHCKNX eHpofoHTcKux Ni-Ti uHcTpymeHata: K3, Mtwo,
ProTaper Universal, HyFlex n BioRaCe. IHCTpymeHTM Cy aHanu3u-
paHu npe ynoTpebe 1 HAaKOH NpenapaLuje KaHana pasnuuute
nosujeHocTy, nomohy CEM-a (150-2000 x). CBaKM CeT MHCTPY-
MeHaTa je kopuwwheH 3a o6pagy 10 KaHana y Tpu ekcneprmeH-
TanHe rpyne (npasu, 61aro 1 N3pasnTo NOBUjeHN KaHanu).
PesyntaTtu Kopo3suja pagHor fena youeHa je kog 5,5% HoBux
Ni-Ti vHcTpymeHaTa cuctema K3 (anuKkanHu 1 cpeftby CerMeHT),
Kop 5,5% Mtwo nHcTpymeHTa (anukanHa TpehuHa) n kog 11,1%
cvctema ProTaper Universal (anvkanHa n cpeptba TpehuHa). Ko-
po3uja Huje youeHa Ha HOBUM MHCTPyMeHTUMa HyFlex 1 BioRaCe
ceToBa. HakoH MHCTpymeHTauuje, aesnHdeKLje u ctepunu-
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3auuje Kopo3uja je npumeheHa Koa CBUX ceToBa cuctema K3
un ProTaper Universal n kop cBux HyFlex nHcTpymeHaTa npee
rpyne. Kopo3uja je youeHa kog HyFlex cuctema y gpyroj rpynm
Kop 16,7% nHcTpymeHaTa (anukanHa n cpefha TpehnHa), a y
Tpehoj rpynu kop 83,3% MHCTPyMeHaTa y anvkanHom 1 66,7%
y cpearem cermeHTy. Kog Mtwo ceta Kopo3uja je youeHa Ko
16,7% VWHCTpyMeHaTa y NPBOj rpynu (@anukanHa u cpefma
TpehuHa), y apyroj rpynu koa 33,3% MHCTpyMeHaTa y anvikan-
Hom peny 1 50% y cpefh0j TpehnHy, AoK je y Tpehoj rpynu
Kopo3wuja npumeheHa Kog 16,7% MHCTPyMeHaTa y CpefAH0j
TpehnHU NHCTPYyMeHaTa.

3aksmyuak Potupajyhu Ni-Ti uHctpymeHTu K3 n ProTaper
Universal nopnoxHu cy Kopo3wujyi y BeoMa BUCOKOM MPOLIEHTY.
Ni-Ti cuctemy ca HakHagHOM TEPMIYKOM 0OPafioM paiHoOT Aena
(HyFlex) HewwuTo cy oTNOpPHMj1 Ha Kopo3wjy, Aok kog Ni-Ti cuc-
TeMa Ca eNeKTPonoapaHoM noBpLUHOM (BioRaCe) Kopu3snja
Huje youeHa.

KmyuHe peun: kopo3suja; potupajyhiv Ni-Ti IHCTpyMeHTU; cKe-
Hupajyha enekTpoHcka Mukpockonuja (CEM)
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