Wceneposanua / Scientific researches | 5

https://doi.org/10.36377/ET-0065 7 N

Experimental study of cyclic fatigue
of nickel-titanium rotating endodontic instruments
with controlled shape memory TC-Files Gold STEA (Videya)

Valerii V. Tairov' () <, Anatoly A. Adamchik'(?, Elena Yu. Mendosa?{’, Lima A. Mamedova®(?,
Maria D. Filippova®*(®, Vladislav V. Dorogan'(>), Margarita V. Savina'

' Kuban State Medical University, Krasnodar, Russian Federation

% Russian University of Medicine of the Ministry of Health of Russia, Moscow, Russian Federation

¥ Moscow Regional Clinical Research Institute, Moscow, Russian Federation

*Russian State Social University, Moscow, Russian Federation

> tairovvaleriy@mail.ru

Abstract

INTRODUCTION. The dental market is constantly being replenished with new endodontic rotary instruments.
Particular interestis drawn to the safety of using rotary files made in China from new nickel-titanium alloys with
controlled memory wire (CM-Wire), which have undergone special treatment to enhance their elasticity and
breakage resistance.

AIM. Experimental evaluation of the cyclic fatigue resistance of new endodontic rotary instruments TC-Files
Gold STEA (manufactured by VIDEYA, China), made from CM-Wire alloy, using models that simulate root
canals of varying anatomical complexity depending on the angle of curvature and radius of root curvature.
MATERIALS AND METHODS. Original models (patent application No. 2026183756) were used for testing,
simulating three types of root canal curvatures: 45°, 90°, and an S-shaped curvature (450 and 600) with root
curvature radii of 5 mm and 7 mm, respectively, and 5 mm and 3 mm for the S-shaped curvature. Nickel-
titanium TC-files Gold STEA instruments of sizes 20/02, 15/03, 20/04, 25/04, 25/06, 30/04, 30/06, and 35/04
were sequentially fixed in the Geosoft Endoest endomotor. A total of 240 files were tested in the experiment,
with 30 instruments of each size tested until breakage. The following parameters were set on the endomotor
for all instruments: rotation speed of 250 RPM and torque of 3 N-cm. The files were inserted into a groove of
the corresponding size, the endomotor was turned on, and the time until the instrument broke was recorded.
The average time to breakage was calculated for each instrument size. Using a caliper, the length of the
broken piece of each instrument was measured, and the average breakage length for each instrument size
was determined. The number of cycles to breakage was also calculated. Statistical analysis of the obtained
results was performed using multifactorial ANOVA in Statistica 13 software.

RESULTS. The highest resistance to cyclic loads in the root canal models with a 45° curvature and a 5 mm
radius of curvature was demonstrated by TC-files Gold STEA size 20/04. In the root canal models with a 90°
curvature and a 7 mm radius of curvature, as well as with an S-shaped curvature at angles of 45° and 60° and
radii of curvature of 5 mm and 3 mm, respectively, the TC-files Gold STEA size 15/03 showed the greatest
resistance. The lowest resistance to cyclic loads in the root canal models with a 45° curvature and a 5 mm
radius of curvature was observed in TC-files Gold STEA size 35/04. In the models with a 90° curvature and
a7 mmradius of curvature, the least resistance was found in TC-files Gold STEA size 30/06, while in the models
with an S-shaped curvature at angles of 45° and 60° and radii of curvature of 5 mm and 3 mm, respectively,
the least resistance was shown by TC-files Gold STEA size 30/04. For all instrument sizes, breakage occurred
most quickly when rotating in S-shaped canals. For six of the eight sizes (TC-files Gold STEA sizes 20/02,
15/03, 25/04, 25/06, 30/04, and 35/04) produced by Videya, cyclic fatigue accumulated faster when the
instruments were rotated in root canal models with a 45° curvature and a 5 mm radius of curvature, compared
to the models with a 90° curvature and a 7 mm radius of curvature.

CONCLUSIONS. The resistance of files made from CM-Wire alloys to cyclic fatigue depends on the size, taper,
design of the instrument, and the anatomical complexity of the root canal. The risk of instrument breakage is
highestin S-shaped root canal curvatures. In S-shaped canals (curvature of 45° with a radius of 5 mm and curva-
ture of 60° with a radius of 3 mm), TC-files Gold STEA instruments with .04 and .06 tapers are not recommended.
A root curvature of 45° with a 5 mm radius may be more dangerous for most sizes of CM-Wire alloy instruments
than a 90° canal curvature with a 7 mm radius. Therefore, when diagnosing the complexity of root canal anatomy,
both the angle of the root canal curvature and the radius of the curvature should be taken into account.

Keywords: rotary endodontic instruments, Ni-Ti files, TC-files Gold STEA, TC-files, STEA, VIDEYA, CM-Wire,
cyclic fatigue, instrument fracture
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Pesiome

BBELEHWE. CtomaTonornyecknii pbIHOK NOCTOSIHHO MOMNOJIHAETCH HOBbIMW 3HAO040HTUYECKUMM MaLLNHHbI-
MU MHCTPYMeHTamMu. Ocobblii MHTepecC Bbl3biBaeT 6€30MacHOCTb UCM0JIb30BaHUS POTaLMOHHLIX Galinos, 13-
roToBneHHbIx B Kntae n3 HoBbIX HUKENb-TUTAHOBLIX CMIABOB C KOHTPOIMPYEMOM namsTeto dpopmbl CM-Wire,
NoABEPTLUNXCS CreunanbHoi 06paboTke, yBeNMUYNBaOLWLENA NX 3NACTUYHOCTb M YCTOMYMBOCTL K MOJIOMKAM.
LENb NCCIEOOBAHUYA. OkcnepuMeHTanbHas OueHKa YCTOMYMBOCTU K LMKMYECKOM YCTanoCTU HOBbIX
3HAOAOHTUYECKUX POTALMOHHBLIX MHCTPYyMeHTOB TC-Files Gold STEA (npoussoactea VIDEYA, KuTtait), naro-
TOBJIEHHbIX U3 cnnasa CM-Wire, ¢ MCNoNb30BaHMEM MOENEN, UMUTUPYIOLLNX KOPHEBLIE KaHasbl PAa3JINYHOMN
aHaTOMMYECKOM CNIOXHOCTU B 3aBUCUMOCTHM OT yria narnba un pagmnyca KpMBMU3HbI KOPHS 3y0a.

MATEPUANBI N METOAbI. Ans npoBefeHUs UCMbITaHUIA MCNONb30BAIMCb OPUrMHANbHbIE MOAENN (3asB-
ka Ha nateHT N2 2026183756), nmutmnpytome Tpm Buaa n3rmnbos kaHanoB KopHen 3y6oB: 45°, 90°, a Takxe
S-06pasHbIi n3rnd (45° 1 60°) u pagmycamm KPMBU3HbI KOPHEN COOTBETCTBEHHO — 5 1 7 MM, An1a S-06pasHoro
narmnba — 5n 3 mm. Hukenb-TutaHoBble MHCTPYMeHTbl TC-files Gold STEA pa3amepos 20/02, 15/03, 20/04. 25/04,
25/06, 30/04, 30/06, 35/04 nooyepenHo pukcuposanucek B aHaomoTop Geosoft Endoest. Bcero B akcnepu-
MeHTe 6blIM NpoTecTupoBaHbl 240 daiinos, no 30 MHCTPYMEHTOB KaXx40ro pa3amepa UccnenoBanu 40 NosioM-
Ku. [ns BCeX MHCTPYMEHTOB Ha 3HAOMOTOPE YCTaHaBAMBaINCh CReayowme napameTpbl: CKOPOCTb BPaLLEeHMA
250 060pOTOB B MMHYTY 1 3Ha4YeHune Topka 3 H/cm, dainbl norpyxanu B KaHaBKY COOTBETCTBYIOLLLErO pa3me-
pa, BKOYaAM 3HAOMOTOP M 3acekann BpeMs A0 NOAOMKU MHCTPYMEHTA. [N Kaxaoro MHCTPYMEHTa KaXxao-
ro pasmMepa Bbl4MCIANN CpeaHee 3HaYeHne BpeMeHn 00 NoOMKN. [Mpy MOMOLLM LUTAHFeHUMPKYAS, N3Mepsin
OJIMHY OTNOMKa KaXA0ro MHCTPYMEHTA U BbIYUCASNN CPEHEE 3HAYEHWE OJIMHBI OTNIOMKa A1 MHCTPYMEHTa
Kaxaoro pasmepa. PaccunTbiBaam YMCO LMKIIOB A0 NOSIOMKU. CTaTUCTUHECKNIA aHANN3 NOJTyYeHHbIX Pe3ysib-
TaToB NPOBOAUAN NyTEM MHOrOMakTOPHOro AncnepcunoHHoro aHannsa ANOVA B nporpamme Statistica 13.
PE3YJIbTATbI. Hanbonbluyto yCTOMYMBOCTL K LIMKJIMYECKMM Harpy3kam B KaHanax Moaenen ¢ narmnoom 45°
1 paanycom KprBM3Hbl 5 MM npogemoHcTpuposann TC-files Gold STEA pasmepa 20/04, B kaHanax mogenemn
¢ narndéom 90° 1 paanycom KpMBU3HbI 7 MM, a Takxe ¢ S-o6pasHbiM n3rndom ¢ yrnamm 45°, 60° n paany-
camMu KpmBmM3Hbl 5 MM, 3 MM cooTBeTCTBEHHO — TC-files Gold STEA pasmepa 15/03. HanMeHbLUytO yCTORUN-
BOCTb K LMKIMYECKNUM Harpyskam B kaHanax mogenei ¢ narubom 45° n paamycom KpuBuaHbl 5 MM nokasanm
TC-files Gold STEA pa3mepa 35/04, B kaHanax mozener ¢ naruéom 90° n 7 MM pagnycomMm KPUBU3HbI — UH-
ctpymeHTbl TC-files Gold STEA pasmepa 30/06, B kaHanax mogenemn ¢ S-obpasHbiM n3rnbom c yrnamm 45°,
60° n pagnycamm kpuem3Hbl 5 MM, 3 MM cooTBeTcTBEHHO — TC-files Gold STEA pasamepa 30/04. 1nsa Bcex pas-
MEpPOB MHCTPYMEHTOB MOJIOMKM BbICTPEE BCEro HACTynanm npu nx BpalleHnn B S-obpasHbix kaHanax. Ans
MHCTPYMEHTOB LWecTn pasmepos (TC-files Gold STEA pasmepos 20/02, 15/03, 25/04, 25/06, 30/04, 35/04) n3
npeacTaBfiEHHbIX BOCbMM Pa3MepPOB, BbiNyCckaeMsbix npom3soantenem Videya, Lnkamyeckas yCcTanoCTb Haka-
nnuBanack 6bICTPee Npu BpaLLEHNN MHCTPYMEHTOB B KaHanax Moaenei ¢ n3arnbom 45° v paanycom KpnBm3HbI
5 MM B CpaBHEHUM C KaHanamn moaenew ¢ narmnéom 90° ¢ 7 MM paanycom KpMBU3HBI.

BbIBOZbI. YcToinumeocTs dannos na CM-Wire cnnaBoB K LIMKMYECKON yCTanoCTu 3aBUCUT OT pa3mepa, Ko-
HYCHOCTW, An3aiHa NHCTPYMEHTA U OT CIOKHOCTM aHaTOMNYECKMX YCNOBUI KaHana KOPHS. PUCK NONOMKW UH-
CTPYMEHTa MakcumaneH npu S-obpasHoi popme n3rmba KOpHEBOro kaHana. B kaHanax ¢ S-o6pa3HbiM N3run-
60oMm (KprBu3Ha 45° ¢ pagmycomM 5 MM 1 KprBM3Ha 60° ¢ paamycoM KprBmU3Hbl 3 MM) MHCTPYMeHThI TC-files Gold
STEA .04 n .06 KOHYCHOCTU NPUMEHATbL He pekoMmeHayeTcs. M3rmb kopHs B 45° ¢ paaMycoM KpUBM3HbI 5 MM
MOXEeT ObITb 419 60NbLLUMHCTBA PAa3MEPOB MHCTPYMEHTOB 13 crniasa CM-Wire onacHee, yem narnb kaHana 90°
C pagnycom Kpuemn3Hbl 7 MM. CnegoBaTensbHO, NPY ANArHOCTUKE CAOXHOCTU aHaTOMUKM KOPHEBOIO KaHana,
cnenyeT yuuTbiBaTh, Kak yron narnba kKopHeBOro kaHana 3yba, Tak 1 pagnyc KpMBU3HbI KOPHEBOMO KaHana.

KnioueBble cnoBa: pOTALMOHHbBIE SHAOAOHTUYECKNE NHCTPYMEHTbI, HUKENb-TUTAHOBbLIE MHCTPYMEHThI, TC-files
Gold STEA, TC-files, STEA, VIDEYA, HUKENb-TUTAHOBbLIN CM1aB C KOHTPOANPYEMON NaMATbIO GOPMbI, LIKNYe-
cKas yCTanocCTb, N0JIOMKA UHCTPYMEHTOB
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INTRODUCTION

The outcome of endodontic treatment directly de-
pends on the thorough isolation of the operative field,
the adequacy of root canal instrumentation, effective ir-
rigation (taking into account the activity of irrigants, the
sequence of solution application protocols, their suffi-
cient exposure, and activation in each canal), adherence
to aseptic conditions during canal drying, the applica-
tion of sealers and fillers, the quality of canal obtura-
tion, and the hermeticity of the post-endodontic resto-
ration [1; 2]. Modern endodontic practice prioritizes the
use of machine-driven nickel-titanium (NiTi) instruments
for mechanical canal preparation. Their use signifi-
cantly accelerates treatment and ensures higher qua-
lity outcomes [3; 4]. Machine-driven NiTi instruments
are constantly evolving, with changes in alloy process-
ing resulting in improved mechanical properties. These
instruments are becoming more flexible and resistant to
stress. However, improper technique, delayed disposal
of worn instruments, or working in severely curved ca-
nals may result in instrument fracture [5-7].

Instrument fractures often worsen the prognosis of
treatment since the retrieval of fragments is associated
with numerous challenges, such as excessive thinning
of root dentin, the risk of strip perforation, overhea-
ting during prolonged ultrasonic tip contact with canal
walls, and the need for specialized skills. Retrieval is not
always successful. Instrument fragments hinder both
mechanical and chemical canal preparation [8; 9].

The main causes of rotary endodontic instrument
fractures are torsional overload (which occurs when an
instrument binds in the canal and the torque exceeds
the file’s strength) and cyclic fatigue accumulation due
to alternating compression and tension while rotating in
a curved canal [10; 11]. Therefore, it is essential to pre-
assess the anatomical features of the canal. In canals
with pronounced curvature and a small radius, instru-
ments made from the latest martensitic alloys, which
possess controlled shape memory and enhanced elas-
ticity, should be used only once.

The shape memory effect of NiTi alloys is the ability
to recover their original shape upon heating above the
transformation temperature. This propertyisinherent to
all NiTi alloys, but the transition temperature from the
martensitic (elastic, deformed) state to the austenitic
(rigid, original) state of the crystal lattice depends on
the alloy’s composition and additional processing. This
temperature can range from —20°C to 110°C.

Standard “silver” austenitic NiTi files have low-tem-
perature martensitic transformation indicators (sig-
nificantly below room temperature). As a result, during
clinical use, they exhibit rigid properties and may cause
canal transportation. In contrast, “gold” NiTi M-Wire
instruments undergo additional thermal treatment du-
ring manufacturing, raising the phase transformation
threshold to approximately 40°C. This makes the alloy
more elastic and resistant to breakage.

Special thermo-electrical processing of CM-Wire,
which alters the phase composition of the martensitic
NiTi alloy, was developed in 2010. The CM-Wire alloy un-
dergoes sequential acid-mechanical, thermal, and non-
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contact electrocharging dielectric treatment, resul-
ting in new properties [12; 13]. The surface of CM-Wire
instruments is strengthened, enhancing their cutting
efficiency and corrosion resistance. Furthermore, the
transformation temperature from the martensitic (elas-
tic) phase to the austenitic (superelastic) phase of NiTi
isincreased [14; 15].

When working in curved canals, CM-Wire instru-
ments do not fully straighten, demonstrating controlled
shape memory. This significantly increases their re-
sistance to cyclic loads compared to conventional NiTi
files, which are stiffer, and M-Wire instruments, where
NiTi undergoes only thermal treatment [16; 17].

The constant introduction of new endodontic in-
struments to the dental market underscores the im-
portance of studying their mechanical properties to
identify optimal usage protocols, risks of fractures,
and potential limitations [18]. Studies often emphasize
that endodontic instruments experience the highest
loads in significantly curved canals [19]. This study eva-
luated the cyclic fatigue resistance of new endodon-
tic TC-Files Gold STEA instruments (manufactured by
Videya, China) made from CM-Wire alloy, determining
the dependence of cyclic fatigue accumulation on in-
strument size, taper, design, and root curvature with
varying radii of curvature.

MATERIALS AND METHODS

The study on cyclic fatigue resistance was con-
ducted for all sizes of the new endodontic rotary in-
struments made of CM-Wire alloy with controlled
shape memory, TC-Files Gold STEA (manufactured
by Videya, China), specifically: 20/02, 15/03, 20/04,
25/04, 25/06, 30/04, 30/06, and 35/04. A total of 240
files were tested in the experiment, with 30 instru-
ments of each size. All TC-Files Gold STEA instruments
have a constant taper and a safe tip. The 20/02 and
15/03 TC-Files Gold STEA instruments have a square
cross-section, while the remaining TC-Files Gold STEA
instruments with .04 and .06 tapers have a triangular
cross-section, are well-centered, and can be used in
curved canals.

For the experiment, specially designed models were
developed to simulate root canal curvatures: a 45° cur-
vature with a 5 mm radius, a 90° curvature with a 7 mm
radius, and an S-shaped curvature with angles of 45°
and a 5 mm radius, and 60° and a 3 mm radius of root
canal curvature. The models were made of metal and in-
cluded a series of individual grooves, each 16 mm long,
mimicking the lumen of a root canal (patent applica-
tion No. 2026183756). The groove sizes corresponded
to each of the tested rotary nickel-titanium endodontic
instruments TC-Files Gold STEA in the following sizes:
20/02, 15/083, 20/04, 25/04, 25/06, 30/04, 30/06, and
35/04, respectively (Fig. 1).

The instruments of each size were sequentially fixed
in the handpiece of a Geosoft Endoest endomotor, in-
serted into the corresponding canal of the model, and
the model and endomotor were secured in a fixture. The
endomotor was set to a rotation speed of 250 revolu-
tions per minute and a torque of 3.0 N-cm for all instru-
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ments. The endomotor was activated, and the time to
instrument fracture was recorded. Ten instruments of
each size were tested to failure in models simulating root
canal curvatures: (1) 45° curvature with a 5 mm radius,
(2) 90° curvature with a 7 mm radius, and (3) S-shaped
curvatures of 45° and 60° with radii of 5 mm and 3 mm,
respectively. For each instrument size, the average time
to fracture was calculated.

Mccneposanus / Scientific researches

Using a caliper, the length of the fractured fragment
was measured. The average fragment length was calcu-
lated for each instrument size.

The rotation and fracture process was recorded on
video using an iPhone 14 Pro smartphone camera. To
analyze the fracture level of the instrument within the
root canal, a still frame was extracted at the moment of
fracture from the video recording (Fig. 2-4).

Fig. 1. Models for cyclic fatigue testing

Puc. 1. Mogenu ansa nccnenoBaHns UMKINYECKON yCTanocTun

Fig. 2. Breakage level in the root canal model with a 45° curvature and a 5 mm radius of curvature:

A - TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04; E — TC-file 25/06; F — TC-file 30/04;
G - TC-file 30/06; | - TC-file 35/04
Puc. 2. YpoBeHb NnepenomMa MHCTPYMEHTA B KaHasie Moaenu ¢ u3arnoom 45° n paanycom KpuBM3aHbl 5 MM:
A - TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04; E — TC-file 25/06; F — TC-file 30/04;
G - TC-file 30/06; | - TC-file 35/04
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The calculation of the total number of complete mo-
tion cycles was performed using the formula:

N(cycles) =S X t,

where N(cycles) — the number of complete cycles; S -
the rotation speed; t — the time.

Statistical analysis of the obtained results was con-
ducted using multifactorial analysis of variance (ANO-
VA) in the Statistica 13 software.

RESULTS AND DISCUSSION

The study of the cyclic fatigue of TC-Files Gold STEA
(manufactured by Videya, China) using the developed
models simulating root curvatures of 45° with a 5 mm
radius, 90° with a 7 mm radius, as well as S-shaped cur-
vatures of 45° and 60° with radii of 5 mm and 3 mm, re-
spectively, was conducted using a fixture-mounted en-
domotor handpiece. The following results were obtained.

Video recordings captured the moments of instru-
ment fracture, with still frames extracted at the fracture

MccneposaHus / Scientific researches
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points. The location of the fracture is indicated by an ar-
row in the images.

The analysis of the extracted still frames revealed
the fracture levels of the instruments.

In the cyclic fatigue tests conducted with the root
canal model featuring a 45° curvature and a 5 mm ra-
dius, all tested TC-Files Gold STEA instruments (20/02,
15/03, 20/04, 25/04, 25/06, 30/04, 30/06, and 35/04)
exhibited fractures with fragment lengths of approxi-
mately equal size, occurring in the area of maximum
curvature.

In the tests using the S-shaped root canal model with
curvatures of 45° and 60° and radii of 5 mm and 3 mm,
respectively, all tested TC-Files Gold STEA instruments
(20/02, 15/03, 20/04, 25/04, 25/06, 30/04, 30/06, and
35/04) demonstrated fractures in the area of the sec-
ond apical curvature. One instrument (25/06) fractured
into three separate fragments.

In the tests conducted with the root canal model fea-
turing a 90° curvature and a 7 mm radius, the TC-Files

Fig. 3. Breakage level an S-shaped in the root canal model with a 45°, 60° curvature and a 5 mm,
3 mm radius of curvature: A — TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04;
E - TC-file 25/06 (the instrument split into 3 fragments); F — TC-file 30/04; G — TC-file 30/06; | — TC-file 35/04

Puc. 3. YpoBeHb nepesioMma MHCTPyMeHTa B S-06pa3HoM kaHane ¢ narnbamm 45°, 60° n pagmycamm KpMBU3HbI
5 MM, 3 MM cooTBeTcTBEHHO: A — TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04;
E — TC-file 25/06 (MHCTpyMeHT packonosca Ha 3 dpparmenTa); F — TC-file 30/04; G — TC-file 30/06; | — TC-file 35/04
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Gold STEA instruments 20/02, 15/03, and 20/04 frac-
tured in the apical portion at the point of maximum curva-
ture (bend radius). The TC-Files Gold STEA instruments
25/04, 25/06, 30/04, 30/06, and 35/04 fractured in the
coronal portion at the start of the curvature.

A cycle is defined as the complete set of movements
of the instrument’s segments and the instrument as

) el
IRl
AN

S

AR SR

G
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a whole, starting from any arbitrarily chosen position
and returning to its original position.

The number of cycles was calculated for each instru-
ment in models with canals featuring a 45° curvature
and a 5 mm radius, a 90° curvature and a 7 mm radius,
and an S-shaped canal with curvatures of 45° and 60°
and radii of 5 mm and 3 mm, respectively.

Fig. 4. Breakage level in the root canal model with a 90° curvature and a 7 mm radius of curvature:
A - TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04; E — TC-file 25/06; F — TC-file 30/04;

G - TC-file 30/06; | — TC-file 35/04

Puc. 4. YpoBseHb nepesioma MHCTPYMEHTA B KaHasie Moaenu ¢ narubom 90° n pagmycom KpMBU3HbI 7 MM:
A - TC-file 20/02; B — TC-file 15/03; C — TC-file 20/04; D — TC-file 25/04; E — TC-file 25/06; F — TC-file 30/04;

G - TC-file 30/06; / - TC-file 35/04
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Table 1. Summary table of the results of the study of cyclic fatigue of instruments «TC-files (STEA)»
Tabnuua 1. CBogHasa Tabnvua pesynstaToB UCCNeA0BaHNS LIMKINYECKOW YyCTanocT MHCTpyMeHToB «TC-files (STEA)»

Instrument Size

Speed and Torque
Parameters

Average Time to Instrument
Fracture, sec

Average Fragment Length
of the Instrument, mm

Canal with a 45° Curvature and a 5 mm Radius

20/02 S$=250,T=3.0 408+10 7,29+0,02
15/03 S$=250,T=3.0 551+12 5,76%0,01
20/04 §=250,T=3.0 674+14 8,02+0,03
25/04 §=250,T=3.0 2724 7,26+0,02
25/06 S$=250,T=3.0 85+12 7,63+0,04
30/04 S§=250,T=3.0 129+ 11 7,21+0,03
30/06 $=250,T=3.0 77£9 717+0,02
35/04 §=250,T=3.0 47 %1 8,06+£0,04
Canal with a 90° Curvature and a 7 mm Radius
20/02 §=250,T=3.0 473+19 11,92+0,51
15/03 §=250,T=3.0 664+24 9,41+0,21
20/04 S$=250,T=3.0 301+9 5,06+0,06
25/04 $=250,T=3.0 274+3 11,24+0,14
25/06 §=250,T=3.0 151£9 8,32+0,09
30/04 §=250,T=3.0 305%12 8,36+0,07
30/06 S=250,T=3.0 58+ 1 10,83+0,05
35/04 S§=250,T=3.0 1116 11,79+0,16
S-Shaped Canal with Curvatures of 45° and 60° and Radii of 5 mm and 3 mm
20/02 S$=250,T=3.0 61+6 8,11+0,03
15/03 $=250,T=3.0 62+8 8,73+0,02
20/04 §=250,T=3.0 7£1 7,58+0,04
25/04 §=250,T=3.0 4£1 6,87+0,05
9,09 £0,08
25/06 S=250,T=8.0 6+1 1 the instrument fractured
into three fragments (5,67 +3,42)
30/04 S§=250,T=3.0 3+1 5,32+0,12
30/06 $=250,T=3.0 6+ 4,41+0,15
35/04 §=250,T=3.0 4+£1 6,44+0,36
20/02 20/02 20/02
800 800 80
30/06 600 15/03 30/06 600 15/03 30/06 60 15/03
400 400 40
200 200 20
25/06 20/04  25/06 20/04  25/06 0 20/04
35/04 25/04 35/04 25/04 35.04 25/04
30/04 30/04 30/04
B C

Fig. 26. Average time to fracture of each instrument size: A — in canal with a 45° curvature, sec;

B - in canal with a 90° curvature, sec; C — in S-shaped canal with curvatures, sec

Puc. 5. CpenHee Bpems [0 nepenoma MHCTPYMEHTA KaXx40ro pasamepa: A — B kaHae ¢ usrnbom 45°, cek;
B - B kaHane ¢ narndom 90°, cek; C — B kKaHane ¢ S-06pasHbIM U3rnbom, cek
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=== Canal with a 90° curvature

Fig. 6. The average length of tool fragments in channels of various types, mm
Puc. 6. Cpep,H;m AONnHa OT/IOMKOB MHCTPYMEHTOB B KaHaJ1aX Ppa3JIM4HbIX TUMOB, MM

Table 2. The number of cycles of the instruments,
according to the results of the study under root
conditions in 45°, 90° and S-shaped

Ta6nuua 2. KonmyecTBo UMKJIOB Y UHCTPYMEHTOB,
no peaysibTataM nccriengoBaHnda B YC10BUAX KOpHeIZ
B 45° 90°n S o6pasHoro

Number of Cycles
Instrument
45° 90° S-shaped
20/02 17006 19717 254+2
15/03 2295+9 2767+6 258+2
20/04 2808+9 1254+5 29+1
25/04 1133+4 1142+4 17£1
25/06 354+£1 629+3 25+1
30/04 5372 1271+6 13+1
30/06 3201 242+1 25+ 1
35/04 196+1 462+2 171
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