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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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formebTan muSaobisas mkurnalobis al-
goriTmis asarCevad aucilebelia yba-saxis 
cvlilebebis gamoxatvis xarisxis gaTva-
liswineba. am mizniT SemuSavebulia yba-saxis 
anomaliebis gamoxatvis Sesafasebeli indeq-
si. indeqsis Sesaqmnelad gamokvleulia 120 
pacienti mezialuri da distaluri okluzi-
is gamoxatulobis sxvadasxva xarisxiT. Ca-
tarda TabaSiris modelebis, gverdiT proeq-
ciaSi Tavis telerentgenogramebis analizi 

da fotometruli gamokvleva. monacemebis 
analizis Sedegad SemuSavebulia indeqsi, 
romelic sarwmunoobiT amtkicebs yba-sa-
xis anomaliebis gamoxatulobis xarisxs 
da warmoadgens pacientebis mkurnalobis 
meTodis SerCevis dasabuTebas. SemoTavaze-
buli meTodika warmoadgens yba-saxis anom-
aliebis diagnostikisa da mkurnalobis 
taqtikis SerCevis mosaxerxebel eqspres-
wess.

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 

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 (900, 450, 300, double bend 450 and 
triple bend 450). 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 1340C, 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 80mm2). 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-

persive prefix (EDX) X-MAX manufactured by Oxford 
Instruments (detector area 80mm2). 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.

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 

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.

Fig. 6. Fractograms of the chip surface of the loaded, used sample COXO SC PRO 19.02 
at different magnifications in secondary electrons

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 

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-

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.

Fig. 9. Fractograms of the chip surface of a new, unused sample of COXO SC PRO 04.25 
at different magnifications in secondary electrons

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 

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 homogeneous 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

Fig. 12. Fractograms of the chip surface of the loaded, used sample COXO SC PRO 06.25 
at different magnifications in secondary electrons

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 

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 

marked in part of the structural elements of the surface 
and have sizes from 400 nm to 3 microns. No cracks 
were found.

Fig. 14. Fractograms of the chip surface of the loaded, used sample COXO SC PRO 04.35 
at different magnifications in secondary electrons

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.

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 1 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
O 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

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-

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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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 I.

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.

РЕЗЮМЕ

ОПРЕДЕЛЕНИЕ ЦИКЛИЧЕСКОЙ УСТАЛОСТИ 
НИКЕЛЬ-ТИТАНОВОГО ФАЙЛА COXO SC PRO 
С ИСПОЛЬЗОВАНИЕМ ИМИТАЦИОННОГО 
ЭНДОДОНТИЧЕСКОГО УСТРОЙСТВА

Хабадзе З.С., Исмаилов Ф.Р., Макеева И.М.

Российский университет дружбы народов (РУДН), 
Москва, Российская Федерация

Использование никель-титановых инструментов во 
время эндодонтического лечения обеспечивает высо-
кокачественное лечение корневых каналов. Однако 
во время инструментовки в изогнутых корневых ка-
налах никель-титановые инструменты испытывают 
циклическую нагрузку, что приводит к их поломке. 
Осколок инструмента в корневом канале затрудняет 
качественную обработку и обтурацию корневого ка-
нала, что является весьма актуальной проблемой. Для 

выполнения инструментальной обработки в каналах 
с различными анатомическими и топографическими 
особенностями напильники должны обладать фено-
менальной гибкостью и иметь безопасный неагрес-
сивный наконечник. По этой причине выбран один из 
самых популярных никель-титановых инструментов 
COXO SC PRO, который, согласно инструкции, обла-
дает всеми перечисленными свойствами. 

Целью исследования явилось определение предела 
устойчивости к циклическим нагрузкам и признаков 
повреждения никель-титанового эндодонтического 
инструмента COXO SC PRO.

Стерилизационная обработка, основанная на автокла-
вировании, значительно снижает прочностные харак-
теристики никель-титановых напильников COXO SC 
PRO, что ограничивает использование этих инструмен-
тов одноразовым применением без риска их поломки.

reziume

nikel-titanis COXO SC PRO failis cikluri 
daRlilobis gansazRvra imitaciuri 
endodontiuri mowyobilobis gamoyenebiT

z.xabadZe, f.ismailovi, i.makeeva

ruseTis xalxTa megobrobis univetrsiteti, 
moskovi, ruseTis federacia

nikel-titanis instrumentebis gamoyeneba 
endodontiuri mkurnalobis dros uzrun-
velyofs fesvTa arxebis maRalxarisxian 
mkurnalobas. Tumca, moxrili fesvTa arxebis 
damuSavebis dros nikel-titanis instru-
mentebi ciklur datvirTvas ganicdis, rac 
maT dazianebas iwvevs. instrumentis namsx-
vrevi arTulebs arxis xarisxian damuSavebas 
da obturacias, rac sakmaod aqtualur prob-
lemas warmoadgens. arxebis instrumentuli 
damuSavebisaTvis sxvadasxva anatomiuri da 
topografiuli Taviseburebebis mqone qli-
bebs unda hqondeT gansakuTrebuli moqni-
loba da usafrTxo araagresiuli Tavi. am 
mizeziT SerCeulia erT-erTi yvelaze popu-
laruli nikel-titanis instrumenti COXO 
SC PRO, romelsac, instruqciis Tanaxmad, aqvs 
yvela zemoaRniSnuli Tviseba.
kvlevis mizans warmoadgenda nikel-ti-

tanis instrumentis COXO SC PRO cikluri 
datvirTvebisadmi gamZleobis zRvaris da 
dazianebis niSnebis gansazRvra.
avtoklavirebaze dafuZnebuli sterili-

zaciuri damuSaveba mniSvnelovanad amci-
rebs nikel-titanis qlibebis COXO SC PRO 
gamZleobiT maxasiaTeblebs, rac gansaz-
Rvravs am instrumentebis erTjerad gamo-
yenebas, maTi dazianebis riskis gareSe.


