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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITHIO HEOOXOMNMO COOTIONATh CISAYIONINE TIPaBHIIA;

1. CraTps 1oyKHA OBITH MPEJCTABICHA B IBYX DK3EMIUISIPAX, HA PYCCKOM MM aHTIIUHACKOM SI3bI-
Kax, Hare4yaTaHHas Yepe3 MoJTOPa HHTEPBAJa HA OHOIl CTOPOHE CTAHAAPTHOTO JINCTA ¢ IIMPUHOMH
JIEBOTO TOJIA B TPU caHTHMeTpa. Vcroiap3yeMblil KOMITBIOTEPHBIN MIpU(T U TEKCTa Ha PYCCKOM U
anmniickoM s3pikax - Times New Roman (Kupuuinna), 111 TeKCTa Ha TPYy3UHCKOM SI3BIKE CIEIYeT
ucnons3oBath AcadNusx. Pasmep mpudra - 12. K pykonucu, HareyaraHHON Ha KOMIIBIOTEPE, 1OJDKEH
OBITH TIpHTOkeH CD co cTaTheit.

2. Pa3mep craTbu 10JKEH OBITH HE MEHEe IECSTH U He OoJiee 1BaAaTH CTPAHUI] MAITMHOIIHCH,
BKITIOYAs yKa3aTelb JINTEPaTyphl U Pe3toMe Ha aHTJIIMICKOM, PYCCKOM U TPY3MHCKOM SI3BIKaX.

3. B crarbe 10mKHBI OBITH OCBEIIEHBI AKTYaTbHOCTh JAHHOTO MaTepHalia, MEeTOJIBI X PE3YIIbTaThI
WCCIIeIOBaHUSI U MX 00CYKICHHE.

[Ipu npencTaBneHny B reUaTh HAyYHBIX IKCIIEPUMEHTAITLHBIX paO0T aBTOPHI JIOJIKHBI YKa3bIBaTh
BH]l ¥ KOJMYECTBO JKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS H
YCBITUIEHHUS (B XO/1€ OCTPBIX OIBITOB).

4. K crarbe IOMHKHBI OBITH MPUIOKEHBI KPAaTKOE (HA MOJICTPAHUIIBI) PE3FOME Ha aHTIIUHCKOM,
PYCCKOM H TPY3MHCKOM $I3bIKaX (BKJIFOUYAIOIIEE CIICAYIOIIHE Pa3/Ieibl: IeJb UCCIIeJOBaHuUs, MaTepral U
METOJTBI, PE3YIBTATHI M 3aKTFOUCHHE) U CIIHCOK KITF0UeBEIX ciioB (key words).

5. Tabmuiibl HEOOXOUMO MPEACTABIISITE B ITe4aTHO# popme. DoTokonuu He puHUMaroTcs. Bee
nu(ppoBbIe, HTOTOBbIE U MPOIEHTHHIE JAHHBIE B TA0JHIAX JOJKHBI COOTBETCTBOBATh TAKOBBIM B
TeKcTe cTaTbu. Ta0nuIbe! 1 rpaduKH TOJKHBI OBITH 03aITIaBICHBI.

6. dororpadun AOIKHBI OBITh KOHTPACTHBIMHU, (DOTOKOIHHU C PEHTTEHOTPAMM - B IO3UTHBHOM
n300pakeHUH. PUCYHKH, YepTeXHU U JUArpaMMBbI CIICAYyeT 03aIIaBUTh, IPOHYMEPOBATh M BCTABUTH B
COOTBETCTBYIOITEe MecTo TekcTa B tiff popmare.

B moanucsx k MukpogoTorpadusiM ciieyeT yKa3blBaTh CTEIICHb YBEJIMUYCHUS Yepe3 OKYIISP HITH
00BEKTHB U METOJI OKPACKH WIJIM UMITPETHAIINN CPE30B.

7. ®aMHUINH OT€YECTBEHHBIX aBTOPOB MPUBOATCS B OPUTHHAIBHOW TPAHCKPHUTIITHH.

8. I1pu opopmiienun u HanpaBieHun crateid B >kypHan MHI mpocum aBTOpoB coOmonarh
NpaBuIIa, U3JIOKEHHBIC B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPECTABISIEMbIM B OMOMETUIIMHCKUE
JKYpHAJIBD», MPUHATHIX MeXKTyHapOIHBIM KOMUTETOM PEIAKTOPOB MEAMIIMHCKUX KYPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B xoHIIe Ka)X0i OPUTHHAIBHON CTaThH MPUBOAMUTCS Onbinorpaduuecknii cnucok. B cnmcok nutepa-
TYpBI BKJIIOYAIOTCS] BCE MaTepHalibl, Ha KOTOpble UMEIOTCS CCBIIKM B TekcTe. CIHCOK COCTaBiseTcs B
andaBUTHOM MOpsIKE U HyMepyeTcs. JIuTteparypHblii HCTOYHUK TPUBOAUTCS Ha sI3bIKE OpUTrHMHana. B
CIIHMCKE JIUTEePaTyphl CHavYasa MPUBOJSITCS PaOOTHI, HAIMCAHHBIC 3HAKAMU TPY3WHCKOTO an(aBuTa, 3aTeM
Kupuuied u naruauned. CChUIKM Ha IIUTHPYEMble pabOThl B TEKCTE CTAaThbH JAIOTCS B KBaJpPaTHBIX
CKOOKax B BUJIC HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOW padOoTHI B CITUCKE TUTEpaTypbl. BonbmmH-
CTBO IUTUPOBAHHBIX UCTOYHUKOB JIOJDKHBI OBITh 32 TIOCTEIHUE 5-7 JIeT.

9. Jlns momydenus mpaBa Ha MyONHWKANWIO CTaThs JOJDKHA MMETh OT PyKOBOIHUTENS PAaOOTHI
WIN YUPEXKJCHUSI BU3Y U CONPOBOIUTEIHHOE OTHOILICHHUE, HAITMCAHHBIC MITM HalleYaTaHHbIe Ha OJaHKe
Y 3aBEPEHHBIC MOJIIICHIO U TICUAThIO.

10. B xoHIe cTaThu MOKHBI OBITH MOMAIMKCH BCEX aBTOPOB, IMOJHOCTHIO NMPUBEIACHBI UX
(hamuTiM, IMEHa M OTYECTBA, YKa3aHbl CIIy)KCOHBIH M JOMAalIHUH HOMEpa TeIe(OHOB U aapeca il
MHBIE KOOpAUHATHL. KomnuecTBo aBTOPOB (COaBTOPOB) HE JOJIKHO MPEBHIIIATH MATH YEJIOBEK.

11. Penakuus octapisiet 3a coOO0# MpaBo COKpaIaTh U UCIPABIIAThL CTaThi. KoppekTypa aBropam
HE BBICBIJIAeTCSI, BCs paboTa M cBepKa MPOBOAUTCS IO aBTOPCKOMY OpPUTHHAITY.

12. HepomycTuMO HampaBlieHHE B PEJAKIUI0 padoT, MPEACTABICHHBIX K TI€YaTH B WHBIX
M3/IaTeThCTBAX WITM OMYOJUKOBAHHBIX B IPYTHUX M3IAHUSIX.

IIpu HapymieHnH yKa3aHHBIX NPABHJ CTATHH He PACCMATPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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DETERMINATION OF CYCLIC FATIGUE OF A NICKEL-TITANIUM COXO SC PRO FILE
USING A SIMULATION ENDODONTIC UNIT

Khabadze Z., Ismailov F., Makeeva I.

Peoples Friendship University of Russia (RUDN), Moscow, Russian Federation

The use of nickel-titanium instruments during endodontic
treatment ensures high-quality treatment of root canals.
However, during instrumentation in the curved root canals
of nickel-titanium instruments experience cyclic loading,
which leads to their breakage. The splinter of the tool in the
root canal makes it difficult for high-quality processing and
obturation of the root canal, which is a very urgent problem.
To carry out instrumental processing in canals with various
anatomical and topographic features, the files must have
phenomenal flexibility, lack of straightening of the canal, and
have a safe non-aggressive tip. And for this reason, one of
the most popular nickel-titanium COXO SC PRO tools was
selected as a study, which, according to the manufacturer,
have all the listed properties.

The aim of the study is to determine the limit of
resistance to cyclic loading and signs of breakage of the
nickel-titanium endodontic instrument COXO SC PRO.

Material and methods. Cyclic fatigue was determined
using a simulation endodontic unit (Fig. 1) simulating
variations of root canal bends, designed on a 3D program
and milled on 3D printing. The simulation endodontic
block due to canals with different bends can be used to
determine the cyclic fatigue of nickel-titanium instruments
of martensitic and austenitic phases. It is designed taking
into account the variations of root canals, equipped
with a transparent cover to preserve the axis of rotation
and the possibility of observing the rotation process of
a nickel-titanium tool in the canals. Nickel-titanium
endodontic instruments COXO SC PRO were used as
studies. During the determination of cyclic fatigue, photo
and video fixation was carried out. To observe changes in
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the structure of a nickel-titanium tool after cyclic loading,
the condition of the tools was examined before and after
loading on an optical microscope, an electronic scanning
microscope, the elemental composition was determined.

Fig. 1. Simulation endodontic unit. Dimensions 40.0 x
25.0 x 6.0mm, canal depth 2.2 mm

The simulation endodontic unit consists of 5 canals
with different bends (90°, 45°, 30°, double bend 45° and
triple bend 45°. NSK Endo-Mate TC2 was used as an
endomotor. The well-known COXO SC PRO files were
selected for the test. The mode of operation with the tools
was specified in accordance with the manufacturer’s
recommendations. COXO SC PRO files have good
elasticity without the risk of straightening the root canal,
a safe tip and high cutting efficiency.

The process of determining cyclic fatigue. For the test
of cyclic fatigue, close to clinical reception, it was decided
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to carry out 3 stages of loading endodontic files:

1. Mechanical load test.

Using COXO SC PRO on a simulation endodontic
unit, a vertically translational, passive file introduction
with a rotation of 350 rpm/1.5 was carried out n.cm in
the channels of the simulation block for 38-40 seconds in
each canal.

2. Chemical load test.

It was carried out by immersing the file in 3.25%
sodium hypochlorite for 2 hours. Then the file was
washed with water, immersed in a disinfectant solution
(5% alaminol solution) for 45 minutes, which includes
alkyldimethylbenzylammonium chloride and glyoxal,
surfactant, dye and water.

3. Physical activity test.

The endodontic instrument, which is in a sterile
package, was subjected to autoclaving under the influence
of 134°C, 1.2 atm for 45 minutes.

This was the end of the first cycle of a full-fledged
cyclic fatigue test. The resistant file was subjected to a
second load cycle after the first one.

During the mechanical load, a video recording was
made and the number of revolutions performed before
the breakage, the duration of work (in seconds) and the
moment of breakage were calculated.

After tests to determine cyclic fatigue, a comparative
examination of the surface of the nickel-titanium instrument
was carried out before and after loading on an optical
microscope MC-4-ZOOM and the ToupView program
for systematization of both photo and video fixation. The
samples were examined at a magnification of 50x.

For a detailed inspection of the structure of the nickel-
titanium instrument, electronic scanning microscopy and
studies of the structure and elemental composition were
carried out on a JEOL JSM-6480LW microscope from
JEOL with an energy dispersive prefix (EDX) X-MAX
from Oxford Instruments (detector area 80mm?). A
comparative examination of nickel-titanium instruments
on an electron scanning microscope before and after
loading was carried out.

The image pattern was studied in secondary electrons
(SEI) and in back-reflected electrons (BEC).

Before the measurements, the samples were degreased
with isopropyl alcohol and glued to the slide table using
carbon tape, as shown in the Fig. 2.

Fig. 2. The image of the slide table with attached
samples

The use of nickel-titanium COXO SC PRO tools
provides phenomenal flexibility in curved root canals, but
as a result of cyclic loading, the probability of breaking
off the nickel-titanium COXO SC PRO tool remains.

According to the manufacturer’s official recommendation
on the number of tools used, this is 15 root canals. The values
for the number of tools used in the root canals obtained
after the tests and the values for the number of tools used
in the root canals vary according to the manufacturer’s
recommendations. During the study, loads corresponding to
clinical reception were carried out: nickel-titanium COXO
SC PRO files with sizes 02/19, 04/20, 04/25, 06/25, 04/35
after a series of tests showed different resistance to cyclic
loading.

The total operating time of the nickel-titanium
instrument in the canals of the simulation endodontic
block was calculated from the moment of the first
rotation to the moment of tool breakage. The number
of revolutions was calculated on the condition that we
work at 350 revolutions per minute or 5.84 revolutions
per second. Then, the number of revolutions is multiplied
by the number of seconds before the break, and thus we
get the number of revolutions before the break. When
calculating the number of revolutions according to the
manufacturer’s data per tool unit when working in 15
canals and a 40-second exposure of the tool in the channel,
3504 revolutions are expected before breaking off.

The results of cyclic loading are summarized in Table 1.

Table 1. The results of cyclic fatigue resistance

The results of cyclic loading

Files Mechanical load Chemical and physical activity Break-off time and number of turns
02/19 5 canals 2 cycles 227 sec /1325,68

04/20 5 canals 2 cycles 206 sec/1203,04

04/25 5 canals 2 cycles 202 sec/1179,68

06/25 4 canals 1 cycle 166 sec/969,44

04/35 5 canals 2 cycles 204 sec/1191,36
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According to observations from video and photo fixation,
it can be seen that the resistance to cyclic fatigue is strongly
influenced by sodium hypochlorite 3.25%. When COXO
SC PRO files are immersed in 3.25% sodium hypochlorite,
black bubbles appear after 7 minutes (Fig. 3).

Fig. 3. Chemical load test of nickel-titanium tools
COXO SC PRO

The appearance of black bubbles from COXO SC
PRO nickel-titanium instruments in sodium hypochlorite
of 3.25% aroused interest in determining the elemental
composition of these bubbles. According to the study of
the elemental composition, the black precipitate is sodium
chloride with Zn and Ni dissolved in it. After washing off
the black sediment from the surface of the nickel-titanium
tool, there is no golden coating.

After autoclaving, during a detailed examination, the
tip of the COXO SC PRO 06/25 file was deformed and
there was no gold deposition, which is observed in other
studies [8,9]. On other files, there was no gold dusting on
the site of the alleged bre akage (Fig. 4).

Fig. 4. Nickel-titanium tool COXO SC PRO 06/25 with
no deposition in the area of the alleged breakage

After the load cycle, nickel-titanium instruments were
studied using an electron scanning microscope. Scanning
microscopy was carried out on a JEOL JSM-6480LW
microscope manufactured by JEOL with an energy dis-
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persive prefix (EDX) X-MAX manufactured by Oxford
Instruments (detector area 80mm?). The images were ob-
tained in secondary electrons in three different magnifi-
cations (300x, 1000x, 5000x) and in back-reflected elec-
trons also in three different magnifications (300x, 1000x,
5000x), Fig. 5.

{2748 SEI

Fig. 5. Fractograms of the chip surface of a new, un-
used sample of COXO SC PRO 19.02 at different magni-
fications in secondary electrons

The fractogram of the cleavage surface of the cross-sec-
tion of the new unused sample COXO SC PRO 19.02
shows an inhomogeneous crumpled structure with a
large variation in the surface topography, including ar-
eas with alloy conglomerates and finely dimpled zones.
The amorphous structural elements of the chip are un-
systematic and mixed with organic fragments from the
sample surface. The structural elements of the small-
frame shape have sizes from 3.3 microns to 8.3 mi-
crons. Rare isotropic pores are observed in the images,
they are observed mainly along the edges of structural
elements and have sizes from 700 nm to 1.2 microns.
No cracks found.

On the fractograms of the cleavage of the cross-sec-
tion of the sample of the COXO SC PRO 19.02 sample
obtained as a result of a series of workloads (1 cycle)
including a twist fracture (volumetric stretching), a ho-
mogeneous finely dimpled structure with pronounced
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and thinned edges of the edges of structural elements
with dimensions from 0.5 microns to 3.3 microns is ob-

served. Rare isotropic pores are observed mainly in the
central zones of structural elements in the center of the

=1=l=] 14 48 SEI

pits and have sizes from 0.1 microns to 0.6 microns.
Conglomerates of both heavier and lighter elements
were found on the rock, as well as organic fragments
from the sample surface. No cracks were found.

‘rﬁ\(' -

Fig. 6. Fractograms of the chip surface of the loaded, used sample COXO SC PRO 19.02

at different magnifications in secondary electrons
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Fig. 7. Fractograms of the chip surface of the loaded, used sample COXO SC PRO 04.20

at different magnifications in secondary electrons

Fig. 8. Fractograms of the chip surface of a new, unused sample of COXO SC PRO 04.20
at different magnifications in secondary electrons

Fractograms of the cleavage of the cross-section of the
sample of the COXO SC PRO 04.20 sample obtained as a
result of a series of workloads (1 cycle), including a twist
fracture (volumetric stretching), show a mostly homoge-
neous, finely dimpled structure with wavelike boundaries
© GMN

and wedge-shaped edges of structural elements ranging
in size from 1 microns to 6.8 microns. Often located iso-
tropic pores are observed mainly in the central zones of
structural elements, are evenly distributed over the sur-
face of the sample chip and have sizes from 400 nm to 1.4
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microns. Alloy conglomerates of various shapes formed
during stretching and separation and organic inclusions
from the sample surface were found on the rock. Micro-
cracks consisting of several merged large pores are noted
on some areas of the surface.

On the fractograms of the cleavage surface of the cross-
section of the new unused sample COXO SC PRO 04.20,
a non-homogeneous, partially finely dimpled structure
with wave-like borders and wedge-shaped edges of struc-

Fig. 9. Fractograms of the chip surface of a new, unuséd sample of COXO SC PRO 04.25
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tural elements with a large size spread from 800 nm to 9.3
microns is visible. Isotropic pores are observed in half of
the structural elements of the surface, are not quite evenly
distributed over the surface of the sample cleavage, are
observed mainly in the central zones of the structural ele-
ments in the center of the pits and also have a variety of
sizes, from 300 nm to 3.4 microns. In one of the areas
of the surface there is a large crater with a width of 22.5
microns.
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Fig. 10. Fractograms of the chip surface of the loaded, used sample COXO SC PRO 04.25
‘at different magnifications in secondary electrons

Fractograms of the cleavage surface of the cross-sec-
tion of a new unused sample of COXO SC PRO 04.25
show a stepped break and a homogeneous, partially finely
dimpled structure with wedge-shaped edges of rock-like
fragments of structural elements ranging in size from
900 nm to 6.8 microns. Isotropic pores are observed in
about half of the structural elements of the surface are not
evenly distributed over the surface of the sample cleavage
(grouped in the center), are observed mainly in the central
zones of the structural elements in the center of the pits
and have sizes from 400 nm to 1.6 microns. In one of the
areas of the surface there are lump-like particles that have
arisen as a result of breakage. No cracks were found.

On the fractograms of the cleavage of the cross-section of
the COXO SC PRO 04.25 sample obtained as a result of a
series of workloads (1 cycle) including a twist fracture (volu-
metric stretching), an extremely heterogeneous structure is
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visible, there are craters of 5-10 microns in size. The sizes of
rare isotropic pores vary from 200 nm to 2 microns. The sur-
face is heavily contaminated with inclusions of both heavier
and lighter elements, which is clearly visible in the image
obtained in back-reflected electrons. No cracks were found.

On the fractograms of the cleavage surface of the cross-
section of the new unused sample COXO SC PRO 06.25,
a homogencous finely dimpled structure is visible with
thinned edges, but mostly flat edges of wedge-shaped
structural elements with sizes from 1.4 microns to 5.8
microns. The images also show isotropic pores. Pores
are observed both at the edges and in the central zones
of structural elements and have sizes from 400 nm to 2
microns. The pores are represented in a moderate amount
and are evenly distributed over the surface of the cleavage
of the sample. Organic inclusions from the sample surface
were found on the rock. No cracks were found.
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Fig. 11. Fractograms of the chip surface of a new, unused sample of COXO SC PRO 06.25
at different magnifications in secondary electrons

at different magnifications in secondary electrons
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Fig. 13. Fractograms of the chip surface of a new, unused sample of COXO SC PRO 04.35
at different magnifications in secondary electrons

On the fractograms of the cleavage of the cross-section
of the sample of the COXO SC PRO 06.25 sample ob-
tained as a result of a series of workloads (1 cycle) in-
cluding a twist fracture (volumetric stretching), a homo-
geneous finely dimpled structure with more pronounced
wedge-shaped edges of structural elements with sizes
from 1 to 7.5 microns is also observed. Isotropic pores
are observed mainly in the central zones of structural ele-
ments in the center of the pits and have sizes from 500
© GMN

nm to 1.5 microns. The pores are marked in no more than
half of the structural elements and are evenly distributed
over the surface of the sample cleavage. Small particles
and conglomerates of alloy of various shapes were found
on the rock, which appeared during stretching and separa-
tion. No cracks were found.

Fractograms of the cross-sectional cleavage surface
of a new unused COXO SC PRO 04.35 sample show
a highly polluted, homogeneous, finely dimpled struc-
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ture with wedge-shaped edges of rock-like fragments
of structural elements ranging in size from 1.2 mi-
crons to 4 microns. The pores of the isotropic form are
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marked in part of the structural elements of the surface
and have sizes from 400 nm to 3 microns. No cracks
were found.

Fig. 15. Electronic image of samples a -1a, b - 1b.
The images indicate the areas from which spectra 1 and 2 were accumulated

Fractograms of the cleavage of the cross-section of
the sample of the COXO SC PRO 04.35 sample obtained
as a result of a series of workloads (1 cycle), including a
twist fracture (volumetric stretching), show a surface with
a stepped fracture of a homogeneous, finely pitted structure,
as well as wavelike boundaries and wedge-shaped edges of
structural elements ranging in size from 1 to 8.5 microns.
Isotropic pores of structural elements observed in the central
zones of pits are often located, evenly distributed over the
surface of the sample cleavage and have sizes from 400 nm
to 1.4 microns. Organic inclusions from the sample surface
were found on the rock. No cracks were found.
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After obtaining a detailed image and a clear difference
in structure between the tools before and after loading. It
was necessary to evaluate the changes in the composition
of the nickel-titanium tool COXO SC PRO after loading
and without loading.

The entire representation of the image below was ob-
tained in secondary electrons and COXO SC PRO 04/25
files were selected as the study. Samples of COXO SC
PRO 04/25 (without load) were selected-1a and COXO
SC PRO 04/25 (after loading)-1b. Figure 15 shows an im-
age of the edge of the sample 1a and 1b. No changes in
the appearance of the surface of the samples before and
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after loading were detected, one can only notice that af-
ter processing the surface looks somewhat cleaner. The
images indicate the areas from which the spectra were
accumulated to determine the qualitative and quantita-
tive elemental composition. Also, as an example, Figure
56 shows images of the spectra themselves, then tables
with the specified quantitative composition will be used
for analysis.

The table 2 shows that sample | consists of an alloy of

titanium, nickel and aluminum with a negligible silicon
content. After loading, the content of TI, Ni and Al de-
creases slightly, but the oxygen content increases. Both
samples show a significant oxygen content. To check the
oxygen content in the alloy, it was decided to break two
samples of different production and check the oxygen
content in the volume of the material and in the near-sur-
face layer. Below, Figs 16 and 17 show electronic images
of the fractures of samples 1a and 1b, respectively.

Table 2. The spectra of qualitative and quantitative elemental composition

(0) Al Si Ti Ni
Spectra 1 (at%) 37,06 12,6 0,19 25,94 24,2
Spectra 2 (at%) 41,56 9,83 0,26 25,04 23,31

Fig. 16. Electronic image of the fracture of sample 1a

-
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Fig. 17. Electronic image of the fracture of sample 1b

The quantitative elemental composition from the re-
gions indicated in the image 27 and 28 is presented in
Table 3.

From the data obtained, it can be seen that the high
oxygen content is only in the near-surface layer. In the
volume of the alloy, the amount of oxygen is not in a sig-

© GMN

nificant amount. In the oxidized near-surface layer, an in-
creased content of aluminum and an insignificant amount
of silicon were also found. Silicon was not detected in
the volume of the material. According to the study of the
elemental composition, the black precipitate is sodium
chloride and Zn and Ni dissolved in it.
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Table 3. The spectra of quantitative elemental compositions

Sample 1a
(0] Al Si Ti Ni

spectra 1 (at%) 42,04 7,39 0,28 25,77 24,52
spectra 2 (at%) 2,24 0,75 48,52 48,49
spectra 3 (at%) 1,01 0,37 46,86 51,76
spectra 4 (at%) 0,54 50,37 49,09
spectra 5 (at%) 4,24 0,36 48,2 472

Sample 1b
spectra 1 (at%) 57,97 4,80 0,66 21,32 15,25
spectra 2 (at%) 1,19 04 49,55 48,86
spectra 3 (at%) 1,06 0,32 49,54 49,08

Endodontic machine nickel-titanium files COXO SC
PRO have phenomenal flexibility, but with a certain
metallurgical composition, the influence of sodium hy-
pochlorite in the form of leaching nickel and leaching
titanium nitrite degrades strength characteristics. After
the autoclaving cycle, the oxygen content in the near-
surface layer increases, which leads to rapid breakage
under mechanical load. In conclusion, COXO SC PRO
nickel-titanium instruments are suitable only for one-
time use in simple channels, during endodontic treat-
ment.

After the tests, signs of tool breakage were revealed,
this is the absence of golden deposition (titanium ni-
trite) in the area of the alleged breakage. In the pres-
ence of an electron microscope, deformations on the
surface of the instrument can be seen in the absence of
golden spraying area, or it can be painted with methy-
lene blue or caries marker, which penetrates into the
deformation of the absence of golden spraying area.

Conclusion. Sterilization treatment, which is based on
autoclaving, significantly reduces the strength character-
istics of COXO SC PRO nickel-titanium files, which lim-
its the use of these tools to one-time use without the risk
of their breakage.
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SUMMARY

DETERMINATION OF CYCLIC FATIGUE OF A
NICKEL-TITANIUM COXO SC PRO FILE USING
A SIMULATION ENDODONTIC UNIT

Khabadze Z., Ismailov F., Makeeva 1.

Peoples Friendship University of Russia (RUDN),
Moscow, Russian Federation

The use of nickel-titanium instruments during end-
odontic treatment ensures high-quality treatment of root
canals. However, during instrumentation in the curved
root canals of nickel-titanium instruments experience cy-
clic loading, which leads to their breakage. The splinter of
the tool in the root canal makes it difficult for high-quality
processing and obturation of the root canal, which is a
very urgent problem. To carry out instrumental processing
in canals with various anatomical and topographic fea-
tures, the files must have phenomenal flexibility, lack of
straightening of the canal, and have a safe non-aggressive
tip. And for this reason, one of the most popular nickel-
titanium COXO SC PRO tools was selected as a study,
which, according to the manufacturer, have all the listed
properties. The aim of the study is to determine the limit
of resistance to cyclic loading and signs of breakage of the
nickel-titanium endodontic instrument COXO SC PRO.

Sterilization treatment, which is based on autoclaving, sig-
nificantly reduces the strength characteristics of COXO SC
PRO nickel-titanium files, which limits the use of these tools
to one-time use without the risk of their breakage.

Keywords: endodontic treatment, autoclaving, nickel-
titanium instruments, cyclic loading, tensile strength of
endodontic files.

PE3IOME

OIPEJIEJIEHUE [UKJINYECKOU YCTAJIOCTH
HUKEJIb-TUTAHOBOTI'O ®AJIA COXO SC PRO
C MHCHOJB30BAHMEM HMHMTAIIMOHHOI'O
SHIOOHTUYECKOTO YCTPOMCTBA

Xabanze 3.C., UcmaniioB ®.P., Makeea .M.

Poccutickuti ynusepcumem Opyoicovt nHapooos (PYIH),
Mocxea, Poccutickas @edepayus

Vcnionb30BaHNe HUKEIb-TUTAHOBBIX MHCTPYMEHTOB BO
BpEeMsI PHIOJOHTHYECKOTO JICYCHUS 00ECIIeuUBAET BBICO-
KOKa4eCTBEHHOE JIEYCHHE KOPHEBBIX KaHaJoB. OmHako
BO BPEMs WHCTPYMEHTOBKH B M30THYTHIX KOPHEBBIX Ka-
HaJax HUKEIb-TUTAHOBBIE HMHCTPYMEHTHl HCIBITHIBAIOT
OUKIMYECKYI0 HArpy3Ky, YTO NMPHBOAWUT K HX ITOJIOMKE.
OCKOIIOK MHCTPYMEHTa B KOPHEBOM KaHAJe 3aTPyJHSIET
Ka4eCTBEHHYI0 00pabOTKy M OOTyparuio KOPHEBOTO Ka-
Haja, 4To SBJSIETCS BEChMa aKTyallbHOU MpooseMoit. 1iis

© GMN

BBITIOJIHEHHS MHCTPYMEHTAJILHOM 00pabOTKH B KaHajax
C Pa3IMYHBIMU QHATOMUYECKUMH U TONOTrpadpuyecKuMu
0COOCHHOCTSIMHM HAITMIIBHUKK JIOJDKHBI 001a1aTh (heHo-
MCHAJIbHOU TMOKOCThIO M MMETh OC30MacHBI Hearpec-
CHUBHBIN HakoHeYHHUK. [1o 9TOi npuunHe BbIOpaH OAMH M3
CaMbIX MOIYJISIPHBIX HUKEIb-TUTAaHOBBIX WHCTPYMEHTOB
COXO SC PRO, koTOpbIii, COMIACHO HHCTPYKIIUH, 001a-
JIaeT BCEMH MEPEYHCIICHHBIMU CBOMCTBAMH.

Lenbio nccnenoBanus SBUIOCH ONPEACICHHE TIpe/erna
YCTOWYMBOCTH K LUKJIMYECKUM HArpy3kam U MPHU3HAKOB
MOBPEXJICHNUSI HUKEJIb-TUTAHOBOTO JH/I0JJOHTHYECKOTO
nactpymenta COXO SC PRO.

Crepuin3zanionHas 00paboTka, OCHOBaHHAsl Ha aBTOKJIA-
BUPOBaHUM, 3HAYMTEIHLHO CHIDKAET MPOYHOCTHBIC Xapak-
TEPUCTUKN HUKETb-TUTAHOBBIX HammwibHHKOB COXO SC
PRO, 4to orpaHuuuBaeT MUCMOIb30BAHNE 3TUX WHCTPYMEH-
TOB O/IHOPa30BbIM IPUMEHEHHEM 0€3 PHCKA UX MOJIOMKH.
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