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Purpose. To analyze literature on the influence of mechanical and chemical root canal treatment and methods
of activating irrigation solutions on the microhardness of root dentin.

Material and methods. Literature search was conducted in PubMed, E-library, CyberLeninka, Google Scholar,
and Wiley Online Library databases on September 3, 2023, and March 2, 2025, using keywords. Articles in English
and Russian were selected for analysis. Inclusion criteria: original articles in periodicals, in vitro and in situ studies,
studies on extracted human teeth, studies assessing the microhardness of dentin. The search in the PubMed
database yielded 83 publications, 109 were found in the e-library scientific electronic library, 12 in the CyberLeninka
database, 141 in Google Scholar, and 217 in the Wiley online library. After excluding duplicates and evaluating the
inclusion/exclusion criteria, 17 articles remained.

Results. A review of the literature on the effects of mechanical processing showed that rotary tools remove more
dentin than hand tools; reciprocating tools remove more dentin than tools with continuous rotation; TruNatomy files
are the safest among rotary tools in terms of dentin microhardness. The use of sodium hypochlorite at a concentration
of 2.5% or greater leads to an irreversible decrease in the microhardness of dentin, regardless of the use of
ethylenediaminetetraacetic acid (EDTA), although 5% EDTA showed the smallest decrease in the microhardness of
dentin. A significant decrease in microhardness was observed in the root canals that underwent ultrasonic activation.
Conclusion. Based on the analyzed literature, we found that all rotary tools, as well as the use of sodium hypochlorite
2.5% or greater and EDTA 17%, lead to a decrease in the microhardness of dentin. The influence of irrigation solution
activation techniques on root dentin microhardness has not been sufficiently studied and requires further investigation.
Key words: microhardness of root dentin, hardness of root dentin, strength of root dentin, mechanical treatment of
root canal, chemical treatment of root canal, amount of mineral components of dentin, irrigation, ultrasonic activation,
sound activation, endoactivator
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N§¥ 2 0B530PbI TEPATYPbI

Llenb nccnepoBaHua: npoaHanM3anpoBaTb NUCTOYHUKN NUTEPaTypbl, MOCBALLEHHbIE BIIUSHUIO MEXaHUYECKOM,
MeOMKaMeHTO3HOM 06paboTKM KOPHEBOIO KaHasna, METOLOB aKTMBaLMN MPPUraLMOHHbIX PACTBOPOB Ha MUKPOT-
BEPOOCTb KOPHEBOIO AEHTUHA.

Matepuan u metofbl. [ToncK nUTepaTypHbIX UCTOHHUKOB NPOBOAMIM B 6a3ax AaHHbIX PubMed, e-library, KnbepJleHunHka,
Google Scholar, Wiley online library 3 ceHTs6ps 2023 . 1 2 mapTa 2025 I. No Kto4eBbIM crioBam. [1ns aHannsa otémpanuch
CTaTbM Ha aHMIMACKOM W PYCCKOM A3blKax. KpuTtepum BKITHOYEHUS: OPUrMHATBHBIE CTAThbK B MEPUORUYECKMX XYypHanax,
in vitro n in situ nccnegoBaHusa, UCCNEe[OBaHUA Ha yaaneHHbIX 3y6ax YenoBeka, nccnefoBaHus, o OLEHKe MUKPOTBEPO-
CT geHTuHa. B pesynbrate nouncka B 6a3e PubMed 661510 HanaeHo 83 CTOYHMKA, B HAYYHOW 3NEKTPOHHOM 6GUBNNOTEKE
e-library — 109, B 6a3e KubepJleHutka — 12, B Google Scholar — 141, a B Wiley online library — 217. lNocne ncknto4eHns
Ly6nmnpoBaHus 1 OLEHKM Ha MPeaMET KPUTEPUEB BKITOHEHNSA/HEBKITIOYEHNS OCTaNoCk 17 nuTepaTypHbIX NCTOYHMKOB.
Pe3ynbTratbl. AHanM3 nutepaTypbl N0 BAUSHUIO MEXaHWYECKOW 06paboTKM NoKasars, YTO POTOPHbIE UHCTPYMEHTbI
yaanaioT 60MbLUe AeHTMHA, YEM PYYHbIE MHCTPYMEHTbI, MHCTPYMEHTbLI C BO3BPATHO-MNOCTYNAaTENbHbIM OBUXKEHUEM
yaansoT 60sblUe AeHTUHA, YeM UHCTPYMEHTbI C HEMPEPbIBHbIM BpaLleHVeM, camble 6e30MnacHble Cpeam POTOPHbIX
WHCTPYMEHTOB MO OTHOLLEHWUIO K MUKPOTBEPAOCTM AeHTuHa — TruNatomy dparnsl. Micnonb3oBaHne runoxiopura
HaTpwma oT 2,5% KOHUEHTpaumm BedeT K He06paTMOMY CHUXEHNIO MUKPOTBEPAOCTU OEHTMHA, BHE 3aBUCUMOCTU
OT MCMNONb30BaHNA dTUNEHANAMUHTETPaYKCYyCHOM kucnoTbl (L TA), xoTa 5% OTA nokasan HauMeHbLLEE CHUXE-
HWe MMKPOTBEPOOCTU AEHTUHA. B KOpHEBLIX KaHanax, NoABeprunxcs yasTpa3ByKOBOW akTUBaLMU, HAGMOAANOCH
3HAYUTENIBHOE CHUXXEHWE MUKPOTBEPLOCTW.

3akntoyeHue. Ha ocHOBaHMM NpoaHanM3MpoBaHHON NMTepaTypbl 6bI10 BbISBIEHO, YTO BCE POTOPHBLIE MHCTPYMEH-
Thl, @ TaKXXe MCMOoJIb30BaHMe runoxnoputa HaTpus ot 2,5%, 1 OOTA 17%, NpnBoAAT K CHYUXXEHUIO MUKPOTBEPLOCTH
JeHTunHa. Tema BNYSHUSA METOAOB aKkTMBaLUM MPPUraLmMOHHbIX paCTBOPOB HA MUKPOTBEPAOCTb KOPHEBOIO AEHTUHA
HELOCTAaTO4YHO OCBSLLEHA B NCCNEAOBAHUAX U HYXXOAETCSA B AalbHENLLEM N3YHEHUN.

KntoyeBble cnoBa: MUKPOTBEPLOCTb KOPHEBOIO AEHTUHA, TBEPAOCTb KOPHEBOMO AEHTUHA, NPOYHOCTb KOPHEBOIO
JEeHTVHa, MexaHnyeckas 06paboTka KOPHEBOMO KaHasa, MegnkamMeHTo3Has 06paboTKa KOPHEBOMO kKaHasa, KoiM4ecTBo
MUHepanbHbIX KOMNOHEHTOB AEHTUHA, UppUraums, yibTpa3BykoBas akTMBauums, 3ByKOBas akTMBaUmMs, 9HO0aKTMBATOP

KOoHNMKT MHTepecoB. ABTOPbI 3aABMAT 06 OTCYTCTBUN KOH(DNINKTA NHTEPECOB.

duHaHcupoBaHue. PaboTa BbinosiHeHa 6€3 CNOHCOPCKON MNOAAEPXKKN.

Ons untnpoBaHums: TantyH l0.A., MakeeBa M.K., Xa6ap3e 3.C., MapTbiHoBa C.B., Kosnosa l0.C., lpuropsH
M.)K., BopoHoB U.A. MUKpoTBEpAOCTb KOPHEBOIO AEHTUHA B 3aBUCUMOCTM OT METOA,0B BHYTPUKaHaIbHOW
06paboTKu KopHeBoro kaHana. Head and neck. Flonosa u wes. Poccumckui xxypHan. 2025;13(3):171-177

Doi: 10.25792/HN.2025.13.3.171-177
ABTOpPbI HECYT OTBETCTBEHHOCTb 32 OPUrMHANBHOCTb NPEACTaBNEHHbIX OaHHbIX Y BO3MOXHOCTb My6nmKauum
UNAKCTPATUBHOIO MaTepunana — 1abnuu, pUcyHkKoB, hoTorpacduii NnaLneHToB.
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MR, HIMSEAAR. EFIRBHOATHIAR. HEFEARFMEENHAR. PubMed 1GZRBEIS3RE, E-
library RSB FEHIE109f%, CyberLeninka 12/, Google Scholar 1415, Wiley IE&BEHIE217K., FIFREE
FRIBAN/HEMTETRE, RR7E.
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B npouecce 9HOOJOHTUYECKOrO JIEYEHUS JEHTUH KOPHA 3y6a
NoJBEPraeTCcs MexaH4ecKoMy BO3JE/ACTBMI0 MHCTPYMEHTOB, XUMU-
4eCKOMY [1eACTBUIO MPPUrALMOHHbBIX PacTBOPOB U (ON3NHECKUM
(hakTOpam aKTMBALMN NPPUTAHTOB MPY MOMOLLY 3BYKOBbIX W YIlb-
Tpa3ByKOoBbIX cucTeM [1]. COXpaHeHne NPOYHOCTHBIX XapaKTepucTuK
KOPHEBOr0 [IEHTIHA, B HYaCTHOCTU MUKPOTBEPLOCTI KOPHEBOIO
JEHTUHA, ABNSAETCSA O[HOI M3 OCHOBHbIX 3afja4 Bpaya-cTomaronora
Ans NPeaoTBPALLEHUs OCNOXHEHWIA: TPELLWH, a TaKXe 411N yeneLu-
HbIX OTAANIEHHbIX PE3YNbTATOB NPOBEAEHHOr0 SHAO0AOHTUYECKOTO
neyeHns.

MoCTaHAO0A0HTMYECKME NEPenoMbl 3y60B MOTYT BO3HIKATL U3-3a
noTepu CTPYKTYPbI 3y6a, BbI3BAHHbIX SHAOJOHTUHECKNMY 1 BOCCTA-
HOBMTEJIbHBIMM MPOLEAYPAMM, TaKUMN KakK MOArOTOBKA MONOCTH
[0CTyNa, 1 uppurauns KOPHEBOro kaHana [2].

Ka4ecTBeHHOE 3HAOAOHTUHECKOE NEYeHIne HEBO3MOXHO 6e3 npi-
MEHEHWs1 COBPEMEHHbIX CPEACTB, OfHAKO HEraTUBHOW CTOPOHOIA
NX NPUMEHEHNS SABNIAETCA CHUXEHNE MUKPOTBEPAOCTN KOPHEBO-
ro fieHTuHa. Takum 06pa3omM nepeq KNMHULUCTOM CTOWUT 3ajaya
NPOBEAEHNS KA4ECTBEHHOO JIEYEHUS C MUHIMANTbHO BOSMOXHbIM
HEeraTMBHbLIM BNUAHMEM HA NPOYHOCTb 3y6a [3]. [na cobniopeHuns
3T0ro 6anaHca Heo6xoaUMOo rpaMOTHOE NPUMEHEHNE UHCTPYMEHTOB,
CPEAICTB MppUrauun 1 Matepuanos, Npu aToM 0C060e BHUMaHNe
cneayer yaenatb Ux KoMOuHauumn mexay co6oi npu o6paboTke
3y6a.

Llenbto paboTtbl 0630pa NUTEpaTypbl ObI0 BbISBIEHNE BAMSHNSA
MeXaHW4ecKon 06paboTKN KOPHEBbLIX KaHANOB, MPPUraLMOHHbIX
pacTBOPOB M METOAOB aKTUBALMW UPPUraHTOB Ha MUKPOTBEP-
[0CTb KOPHEBOrO AEHTMHA, 0C060€ BHUMAHUE YAENANN BANSHUIO
X COMETAHWUM, YTO ObINO HEOOXOAMMO AN BbIMOMHEHNS OJHON U3
3a[1a4 Hay4HOi paboTbl, @ UMEHHO BbIGOPY KOMOMHALNIA METOLI0B
1 cpeacTs 06paboTKi 06pa3LioB 3y60B Ans 3KCNEPUMEHTANTbHOIO
ncenefoBaHMs napamMeTpoB MUKPOTBEPAOCTM W yNpyronnactuye-
CcKoW aedhopmanuu.

Marepuan u meTofibl

0630p nuTEpaTypbI ABNAETCA YACTHIO HAYYHON PaboTbl, 0f06PEH-
Hoit KomuteTom no atuke Poccuniickoro yHuBepcuTeTa Apyx6bl
HapoAoB umMeHu Matpuca Jlymym6bl npotokonom Ne7 ot 21 anpens
2022 .

Monck nuTepaTypHbIX NCTOYHUKOB NPOBOAMNM NO 6a3am AaHHbIX
e-library, cyberleninka, PubMed, GoogleScholar, Wiley online library
3 ceHTA6ps 2023 1. 1 2 mapTta 2025 I. ¢ UCNONb30BAHUEM CEaYHO-
LLIMX 3aMpOCOB: A aHrN0A3bIYHbIX UCTOYHMKOB — (microhardness
of root dentin), OR (hardness of root dentin), OR (strength of root
dentin), OR (mechanical treatment of root canal), OR (medicinal
treatment of root canal), OR (amount of mineral components of
dentin), OR (irrigation), OR (ultrasonic activation), OR (sound
activation), OR (endoactivator), ons pycCcKOA3bI4HbIX UCTOYHN-
KOB — (MUKPOTBEPLOCTb KOPHEBOIO [EHTUHA), (TBEPLOCTb KOPHE-
BOr0 JEHTUHA), (MPOYHOCTb KOPHEBOrO AEHTUHA), (MeXaHuyeckas
06paboTka KOPHEBOro KaHana), (MefMkameHTO3Has 06paboTka
KOPHEBOr0 KaHana), (KOnMn4ecTBO MUHEPaNbHbIX KOMNOHEHTOB
[eHTUHa), (ppuraums), (ynbTpa3BykoBas akTMBauus), (3Bykosas
akTuBauus), (3HpoakTuearop). Knw4esble CroBa nomcka 6binu
BbIGPaHbI C NPUMEHEeHNeM cnoBaps Kno4esbix cnoB MeSH. Monck
YKa3aHHbIX CIOBOCOYETAHNIA MPOBOAMICS B HA3BAHUAX, PE3IOME, a
TaKXXe Cpeau KIKo4eBbIX CNoB nybnukauuit. [ing aHann3a otéumpa-
NINCb CTaTbW Ha aHTNIACKOM W PYCCKOM A3bIKaXx.
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[Tocne ucknoYeHns Ly6nMpoBaHnic OCTaBLIMECH My6MKaunum
NpOaHan13npPoBaHbl Ha NMPeAMET COOTBETCTBUS KPUTEPUAM BKIIHO-
YeHUSI/He BKNIOYEHMS. KpuTepum BKITIOYEHNS: OPUTMHANbHbIE CTa-
TbW B NEPUOLMYECKNX XXypHANaX, in vitro u in situ nccnepoBaHus,
1CCcnefoBaHNs Ha yAaneHHbIX 3y6ax 4YenoBeka, NCcneaoBaHus,
B KOTOPbIX MPOBOAWMN OLEHKY MUKPOTBEPAOCTM AEHTIHA Nocne
MEXaHWYecKoil 1 MeMKaMeHTO3HON 06paboTKM, a TakxKe nocne
aKTMBALMK 3BYKOBbIMU 11 YNIbTPa3BYKOBbIMM MeToAamu. Kputepun
HEBK/THOYEHUSA: Te3UChI U CTaTbi B COOPHUKAX KOH(DEPEHLMIA, KHUTK,
y4ebHas nuTepatypa, MCCnefoBaHNs ¢ NPUMEHEHNEM 3y60B XIUBOT-
HbIX, PECTaBPUPOBAHHbIX 3Y6O0B, NCCE0BAHMS, B KOTOPbIX OLIEHKY
MUKPOTBEPAOCTN MPOBOAMIMN TOMbKO [ KOPOHKOBOTO [IEHTUHA,
nceneaoBaHns MUKPOTBEPAOCTI UHTAKTHOIO AEHTUHA, MCCNEAO0Ba-
HWS MO [e3NHEKLIMM KOPHEBbIX KaHanO0B 1a3epoM, a Takxe ny6nu-
Kauuu, ansg KOTopbIX MHAOpMaLKUs pe3toMe He 6bina JOCTaTO4HON
ONS OLEHKN COOTBETCTBUS KPUTEPUAM BKIHOYEHMS, @ MOSHbIA TEKCT
OTCYTCTBOBAN B 6a3e/Ha caiite xypHana. [ouck 1 otéop nyénmkawuii
NPoOBOAMNCA C y4eToM pekomeHgaumin PRISMA (Bbi60p04HO).

Pe3ynbrartbl

[To pesynbTatam noucka ¢ ykasaHuem Knt4eBblX CII0B B 6a3e
PubMed 6b1n0 HangeHo 83 NCTO4HMKA, B HAYHHOW 3MEKTPOH-
HOW 6ubnuoteke e-library — 109, B 6a3e KubepJleHunka — 12, B
GoogleScholar — 141, a 8 Wiley online library — 217 Mocne ucknto-
YeHns gy6n1poBaHuA 1 OLEHKI Ha NPeaMeT KpUTEpUEB BKNKOYEHNS/
HEBKJTIOYEHUS 0CTanoch 17 nuTepaTypHbIX NCTOYHUKOB, NPEACTaB-
NEHHbIX B Tabnmuax.

MexaHn4eckas 06paboTka KOPHEBbIX KaHAmOB W ee BIUAHNE Ha
MUKPOTBEPAOCTb KOPHEBOTO AEHTWHA NpefCcTaBnieHa B Tabn. 1.

MeankameHTO3Has Uppuraums — OANH U3 BXHEMLLNX 3TanoB
NeYeHns 3HAOAOHTA. /I3BECTHBI CRefyHOLLME Lienu nppuraunm Kop-
HEBbIX KaHaNIOB: Ka4eCTBEHHOE yaaneHune 6akTepuii B KOPHEBOM
KaHasne Ha BCeM NPOTSHKEHWUU, B T.4. B 06/1aCTI Pa3BETBIIEHUIA (naTe-
paibHbIE aHACTOMO3bI, [1eNbThlI), yAANeHne GUONNEHKN, yaaneHne
CMa3aHHOro cnos, feTpuTta, NpoAykToB pacnasga. Hanbonee 4acto
CNONb3YeMble PPUraLMOHHbIE PACTBOPbI B 3HA0JOHTUYECKOIA
NpakTKe — 370 runoxnoput Hatpusa (Sodium hypochlorite 3-5%),
xnoprekcuamnHa éurntokonat (Solution Chlorhexidini bigluconatis
2%) 1 aTUNeHanamMnHTeTpaykeycHas kucnota 17% (3OTA 17%).

B naHHoI cTaTbe 6bln NPOBEAIEH aHANN3 BANSHUS UPPUrAHTOB Ha
MWKPOTBEPAOCTb KOPHEBOTO AeHTNHA (Tabn. 2).

Ha CTpyKTypHble 31eMeHTbI KOPHEBOTO JEHTMHA 1 NOKa3aTenu
MUKPOTBEPA0CTI KOPHEBOrO A@HTMHA MOTYT BAUATH TaKXe MeTOAbl
aKTMBALMKN UPPUraLLMOHHbIX PaCTBOPOB. B HacTosLiee Bpems Hau-
60nee 4acTo NPUMEHAETCH 3BYKOBOW (Kone6aTesibHbIn) METo4 U
YNbTPa3BYKOBOW METO aKTWBALMM PACcTBOPOB. 3BYKOBOI METOA
aKkTMBaLMM NPUMeHseTcA npy nomowym annapata Endoactivator
(Dentsply Sirona; CLLA), a ynbTpa3BykoBas Uppurauns 0CcyLLecTs-
NAETCA C NPUMEHEHWNEM YNbTPA3BYKOBbLIX MACCUBHbIX HACAJOK,
Hanpumep IrriSafe (Satelec; ®paHums). BnuaHue MeTOL0B aKTUBALMN
NPPUTraLNOHHbBIX PACTBOPOB NPEACTaB/IEHO B Tabs. 3.

O6cyxpnexune

[nsa npoBefeHns Ka4eCTBEHHOIO 3HAOLOHTUYECKOrO NeYeHns
NPUMEHAKOTCS Pa3NnYHble BULbI UHCTPYMEHTOB. 10 pe3ynbTaram
0Mpoca YCTaHOBJEHbI HAUBOIEe 4acTo UCMNONb3YEMbIE CUCTEMbI:
ProTaper Universal, ProTaper Gold n Mtwo [21]. [TpumeyaTtenbHo
TO, YTO BCE POTOPHbIE UHCTPYMEHTbI CHUXXAKT MUKPOTBEPAOCTb
KOPHEBOr0 [IeHTWHA B Pe3ynbTaTe TOro, YT0 CO3AA0T MUKPOTPELLM-

-
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OB30PbI JINTEPATYPbI

Ta6nuua 1: My6nukaumun, BKIHOYEHHbIE B aHaNN3 NUTEPATYPbl COrNacHo KPUTEPUAM 0TGOPA N0 BAUAHNIO MEXAHUYECKOH
06paboTKM KOPHEBBIX KaHaNOB Ha MUKPOTBEPAOCTb KOPHEBOrO IEHTUHA

Table 1: Publications included in the literature analysis according to the selection criteria for the effect of mechanical treatment
of root canals on the microhardness of root dentin

Top
Year

Yucno ny6nukaumii
Number of publications

AsTopbI
Authors

3aknioyenune
Conclusion

2009

C.A. Bier n coasr. [4]
C.A. Bier et al. [4]

S.Y. Ahn un coagr. [5]
S.Y.Ahn et al. [5]

[ledheKTbl NOBEPXHOCTN [EHTUHA He Oblnn 06HAPYXXeHbI B HEOOPab0TaHHbIX KaHanax, a
TaKXe B KOPHSAX, MOArOTOBMEHHBIX Py4HbIMK thainamu u S-ApeX. Mpu nogroToske ProTaper,
ProFile n GT Rotary chaiinom gedpekTbl AeHTHA 6binn 06HapYXeHbl B 16%, 8 1 4% 3y608
No dentin surface defects were found in untreated canals or in roots treated with manual
files and S-ApeX. ProTaper, ProFile, and GT Rotary file treatment resulted in dentin defects
in 16%, 8%, and 4% of teeth, respectively.

VIHCTPYMEHTBI C BO3BPATHO-NOCTYNATeNbHbIM ABMKEHUEM, KaK NPaBuno, yaansanu 6onbLue
[IEHTMHA, YeM UHCTPYMEHTbI C HEMPEePbIBHbIM BpaLleHreM. Mpu 06paboTke HCTPYMEHTaMK
C BO3BPATHO-MOCTYNATeNbHbIM ABKEHIEM NOBEPXHOCTb JEHTUHA UMEET 60MbLLIe Aediek-
TOB, Y€M MOCIE UHCTPYMEHTOB C HEMPEPbIBHbIM BPALLEHNEM

Reciprocating instruments generally removed more dentin than continuous rotation
instruments. When treated with reciprocating instruments, the dentin surface has more
defects than after treatment with continuous rotation instruments.

2010

H.C. Kim n coasr. [6]
H.C. Kim et al. [6]

Bpaw,alow,meca WHCTPYMEHTbI C MOBbILLEHHO KOHYCHOCTbH) 0Ka3bIBAKT MOBbLILLIEHHYO
HarpysKy Ha CTeHKM KOPHEBOrO KaHana
Rotary instruments with increased taper exert increased stress on the root canal walls.

2014

V. Ashwinkumar n coasr. [7]
V. Ashwinkumar et al. [7]

[ocne 06pa60TKkn BpaLLAIOLLMMICSH NHCTPYMeHTamMi ProTaper noBepXHOCTb AEHTUHA
1MeNna 3Ha4MTENbHO 60NbLUEE YUCNO [EeCHEKTOB MO CPABHEHMIO C PY4HBIMU UHCTPYMEHTaMn
ProTaper u uictpymertamu WaveOne. Py4Hble K-chainbl Ni-Ti He BbI3Banu noBepxHOCT-
HbIX AeDEKTOB HI Ha OJHOM M3 YPOBHE KOPHEBOrO KaHana

After treatment with ProTaper rotary instruments, the dentin surface had significantly more
defects compared with manual ProTaper tools and WaveOne instruments. Manual Ni-Ti
K-files did not cause surface defects at any root canal level.

2015

X.G. Li, Q. Wang [8]
S. Tavanafar u coasT. [9]
S. Tavanafar et al. [9]

B nabopatopHbIX YCNOBUAX SKCNEPUMEHTbI MOKa3anu, YTO BAUSHNE HA YCTOAYMBOCTb
KOPHA K NMepenomy He UMeeT CTaTUCTUYECKON PasHULbI NMPY UCMOMb30BaHINA POTALMOHHbIX
MHCTPYMEHTOB M3 HUKENb-TUTAHA U PY4HbIX MHCTPYMEHTOB U3 HEpIKaBeloLLeii cTanu

Bce Tpu meToga 06paboTku (H-chaiin (n=30), potaumonHoro chaitna BioRaCe (n=30) u
0fiHo(aitnoBoN BO3BPATHO-NOCTyNaTensHoii cuctemsl WaveOne (n=30) npusenu K ocna-
OEHNIO0 CTPYKTYPbI KOPHEW 1 Cenani ux BOCIpUUMYUBBLIMI K NEPENOMY NPU MeHbLUeR
Harpyske, 4em HenoAroToBeHHbIe KOpHIU. CONpOTUBAEHUE PA3PYLLEHUIO KOPHE, N0Aro-
TOBJIEHHBIX C NOMOLLbI0 cucTembl WaveOne, 6b110 aHaNnornyHo CONPOTUBIIEHNIO KOPHAM,
NOArOTOBAEHHBIM C MOMOLLBIO PYYHBIX U POTALMOHHBIX MHCTPyMEHTOB NiTi

Laboratory experiments have shown that there is no statistically significant difference in root
fracture resistance when using nickel-titanium rotary instruments and stainless steel manual
tools. All three treatment methods (H-file (n=30), BioRaCe rotary file (n=30), and WaveOne
single-file reciprocating system (n=30)) weakened the root structure and made it susceptible to
fracture under less stress than untreated roots. The resistance to fracture of roots treated with the
WaveOne system was similar to that of roots treated with manual and rotary NiTi instruments.

2016

.M. MakeeBa u coasT. [10]
.M. Makeeva et al. [10]

C paclumpeHuem KOpHeBbIX kaHanoB Ao 1/2 gnameTpa KOpHs 06pa3oBaHue BEPTUKAbHOI

TPELLMHBI NPOMCXOAMUT NpU JOCTOBEPHO MEHbLLEN Harpy3ke no cpaBHeHNto ¢ 3y6amu, Kop-
HEBbIE KaHasbl KOTOPbIX paclunpeHsl Ao 1/3 anamerpa

With root canal dilation to 1/2 of the root diameter, vertical cracks form under significantly
lower loads compared with teeth where root canals are dilated to 1/3 of the diameter

2022

S. Nassar u coast. [11]
S. Nassar et al. [11]

3y6bl, 06paboTanHHble py4HbIMK chaiinamu NiTi, 06nafaoT HanbonbLUEl YCTORYUBOCTLIO K
Pa3pyLLUEHNO MO CPABHEHWIO CO BCEMI MALLMHHbIMKM cucTemMamu. Haubonee ycToiunsbiMn
K pa3pyLLeHuio 0Kasanucb KopHu, 06paboTanHble haiinamu TrulNatomy, no cpaBHeHuto ¢
¢painamu ProTaper Next, ProTaper Gold n WaveOne

Teeth treated with NiTi manual files are the most resistant to fracture compared to all
machine systems. Roots treated with TruNatomy files were found to be the most resistant
to fracture compared with ProTaper Next, ProTaper Gold, and WaveOne files

Hbl M 60P03/bl B IEHTUHHOM CINOE, a TAKXE YAANAKT AEHTUH KOPHA
3y6a. B paHHUX nccnefoBaHuAX 3aMeYeH0, YTO HapaBHe C Py4YHbIMN
nHcTpymeHTamn S-Apex dhaitnel (Bpawatorymecs NiTi MHCTPYMEHTbI
¢ 06paTHO KOHYCHOCTbH)) He NOBpeXJanit KOPHEBON [EHTUH B
npouecce 06paboTKN, a UHCTPYMEHTbI C BO3BPATHO-NOCTYNATENb-
HbIM [IBVXKEHUEM, KaK NpaBunio, yaansanu 60nblue AeHTUHA, YeM
WHCTPYMEHTbI C HEMpPepbIBHbIM BPaLLEHNEM. TakKe HeManoBaXHo,
YTO POTOPHbIE UHCTPYMEHTbI C MOBbILLIEHHON KOHYCHOCTbIO NPOBO-
LMPYIOT NOBBILLIEHHYIO HArpy3Ky Ha CTEHKI KOPHEBOr0 KaHana, 4To B
CBOK 04epefib YBENMYMBAET PUCK OCNIOXHEHNI B MPOLECCE NeYeHUs.
Cpeamn poTaUMOHHBIX N BO3BPATHO-MOCTYNATENbHBIX MHCTPYMEH-
TOB Haubonee yCTOMYMBBIMI K Pa3pyLUEHNIO 0Ka3aluCh KOPHU,

o6pabotanHble paitnamu TRN (TruNatomy), a ¢ paclumpennem
KOPHEeBbIX KaHanos A0 1/2 gnameTtpa KopHA 06pa3oBaHWe BepTH-
KamnbHOIA TPeLnHbl Hanbosee NPOrHO3NPYEMO, YeM pacLUMpeHine
no 1/3 anametpa.

470 KacaeTcs MppUrauyoHHbIX pacTBOPOB, FMMNOXNOPUT HATPUS
1 3TA KOMNNEKCHO CHYUKAKT MUKPOTBEPAOCTb KOPHEBOrO fIEH-
TuHa. CyLecTByeT NpsmMas 3aBMCUMOCTb KOHLIEHTpaLn nppura-
LLMOHHOTO PacTBOpa W NnokasaTesieit MUKPOTBEPAOCTU KOPHEBOIO
[EHTNHA: YeM BblLLe KOHLEHTPaLMA UppUraHTa, Tem BbiLLe pUck
CHWXEHUS MPOYHOCTHbIX XapPaKTEPUCTUK KOPHA 3y6a, a Takxe
npsaMas 3aBMCUMOCTb OT BPeMEHW BO3[ENCTBUSA pacTBopa Ha
KOPHEBOM LEeHTUH.

FOFTIOBA U LLUESI POCCUNCKIN XXYPHAI Tom 13, Ne3 - 2025




LITERATURE REVIEWS =¥

Ta6nuua 2: My6nukauun, BKNOYEHHbIE B aHANKU3 IMTEPATYPbl COrNacHo KPpUTepusam 0T6opa no BAMAHWUID UPPUraHTOB HA MUKPOTBEP-

AOCTb KOPHEBOIro AEHTUHA

Table 2: Publications included in the literature analysis according to the selection criteria for the effect of irrigants on root dentin

microhardness
Fop qucmgy;;";?“"" ABTOpBI 3aknoyeHue
Year publications Authors Conclusion
T.C. Sayin Wcnonb3osanue Tonbko IATA unu 3ATA B codetaHuu ¢ NaOCI (runoxnoput HaTpus) NpuUBENO K Mak-
2007 1  coasT. [12] CUMAIIbHOMY CHIDKEHMIO MUKDOTBEPAIOCTH ACHTUHA _ ' ‘
T.C. Sayin et al. [12] The use of EDTA fi/oqe or EQTA in combination with NaOCI (sodium hypochlorite) resulted in the
7 : maximum reduction in dentin microhardness
NosepxHocTHOe pa3pylwatolee aeiicteme NaOCl Ha MUHePanu30BaHHbIA AEHTUH HEO6PaTUMO 1
NPUCYTCTBYET HE3ABMCUMO OT TOTO, UCMONb3YeTCA N BnocneacTeumn TA B Ka4ecTse NOCNEAHET0
K. Zhang u coasr. aKTuBHOro uppuranta. 3[1TA yaanset anatutoByto ady, 06e[JHEHHYIO KONnareHom, Kotopas Mopdo-
2010 1 [13] NIOTNYECKM BOCMPUHUMAETCA KakK 3p03uns CTEHKN KaHana
K. Zhang et al. [13] | The superficial destructive effect of NaOCI on mineralized dentin is irreversible and occurs regardless
of whether EDTA is subsequently used as the final active irrigant. EDTA removes the collagen-depleted
apatite phase, which is morphologically perceived as canal wall erosion
Bbin0 06HapyXXeHo, 4T0 Ha YCTONYMBOCTb K Pa3pyLUEHUIO KOPHEN, NOABEPTLUNXCS SHAOLOHTUHECKOMY
JIEYEHII0, NO-Pa3HOMY BIINAKOT Pas3nnyHble KOHUeHTpaunn L TA npn pa3HoOM BPEMEHU BO3AENCTBNS.
EU Han6onbluas cpeaHss yCToON4MBOCTL K Mepenomy 6bina nonyyeHa B rpynne, 06pa6oTaHHoit 5% IOTA
. Uzunoglu un coasr. o
[14] B Te4eHne 10 MuHYT. 3TO NPUMEPHO B 2 pasa 60MbLLE, YeM HauMeHbLIas CPEAHAR YCTORIMBOCTb K
2012 1 E. Uzunoghy et al nepenomy, Kotopas 6bina nony4yeHa B rpynne, 06pa6otanHoi 17% I[TA B TeueHne 10 MUHYT
[1' 4 ’ The authors found that the resistance to fracture of roots that had undergone endodontic treatment was
affected differently by different concentrations of EDTA at different exposure times. The highest mean fracture
resistance was obtained in the group treated with 5% EDTA for 10 minutes. This is approximately twice as
high as the lowest mean fracture resistance obtained in the group treated with 17% EDTA for 10 minutes
B3aumogeicTBue MuHepanu3oBaHHOro AeHTuHa ¢ pacteopom NaOCI cnoco6cTByeT NpOHUKHOBEHUIO
OQ[TA, 4To 3aTeM NpMBOAMT K pacTBopeHnto anatuta. Mocne npumerexns NaOCI [TA pacteopseT
Pa3peXEeHHbIA 0CTATO4HbIA MUHEPATbHbIA CIION KONNareHa, a TakxKe 06HaXaeT NOANeXallynii LeHTUH,
2017 1 L.S. Gu n coasr. [15] KoTOpbIA HeobpaTumo paspywaetcs NaOCl
LS. Guetal [15] It HEODPATUMO paspyluaeTca 1t . . .
The interaction of mineralized dentin with NaOC! solution promotes the penetration of EDTA, which then
leads to the dissolution of apatite. After the application of NaOCI, EDTA dissolves the sparse residual
mineral layer of collagen and also exposes the underlying dentin, which is irreversibly destroyed by NaOCI
M.C. Lantigua TpUMeHsSNoch HECKOMbKO BUAOB pacTBopoB: 2,5% NaOCl+17% 3[TA n 2% renb xnoprekcuanHa Gur-
Dominguez nokoHata+17% STA. bbino 3ameyeHo, 4T0 KOHe4YHoe ucnonb3osanne ILTA B Ka4ecTBe uppuraxTa
1 coasr. [16] HE CHWKaNO YCTONYNBOCTI K NEPenomam KOpHeii
M.C. Lantigua Several types of solutions were used: 2.5% NaOCl+17% EDTA and 2% chlorhexidine bigluconate
Dominguez gel+17% EDTA. The authors noted that the final use of EDTA as an irrigant did not reduce resistance
2018 2 etal. [16] to root fractures
[pu ncnonb3oBaHMM B Ka4ecTBe MpuraunoHHoro npotokona 2,5% NaOCl+17% 3LTA+2,5% NaOCl u
B.M. Lima Nogueira | 2,5% NaOCl+17% 3[1TA+0,9% NaCl Habntofanacs 3Ha4nTenbHaa notepss MUHEPANoB 1 U3MEHEHNE
¥ c0asT. [17] cooTHoweHus Ca/P
B.M. Lima Nogueira | When using 2.5% NaOCl+17% EDTA+2.5% NaOCI and 2.5% NaOCl+17% EDTA+0.9% NaCl in the
etal. [17] irrigation protocols, significant mineral loss and changes in the Ca/P ratio were observed
3.C. Xabagse YBenMYeHNe BPEMEHI IKCMO3ULNN 1 KOHLEHTPALMN TNMNOXI0PNTA HATPUS NPUBOAWUT K COYETAHHOM
By noTepu MUHEPaNbHbIX KOMNOHEHTOB KOPHEBOTO JEHTUHA U er0 MUKPOTBEPAOCTY, MPOYHOCTN HA
1 coasr. [18]
2020 1 13rné, ynpyroctu

Z.S. Khabadze
etal. [18]

Increasing the exposure time and concentration of sodium hypochlorite leads to a combined loss of
mineral components in the root dentin and its microhardness, flexural strength, and elasticity

Ta6nuua 3. My6nukauum, BKNOYEHHbIE B aHANU3 NUTEPaTypbl COrNAcHo KpUTEepUAM 0T6Opa NO BUSHWIO 3BYKOBOrO U YNbTPa3BYKO-
BOr0 METO/I0B aKTUBALMM UPPUTAHTOB Ha MUKPOTBEPAOCTb KOPHEBOr0 AEHTUHA

Table 3. Publications included in the literature analysis according to the selection criteria for the effect of the sound and ultrasound
methods of irrigant activation on the microhardness of root dentin

Top ‘Iucj;;l”:y:;u;?uuu ABTOpbI 3akntoyeHue
Year publications Authors Conclusion
Bce pexxumbl uppuraun 3Ha4nTeNIbHO CHU3NAN CPELHION TBEPAOCTb AeHTUHA. MUKPOTBEPAOCTb feH-
2021 1 |. Tsenova-llieva, TWHA CHIXXanach HE3aBMCUMO OT UCMOJIb3YeMbIX MPOTOKOSIOB OPOLLEHUS
E. Karova. [19] All irrigation modes significantly reduced the mean dentin hardness. Dentin microhardness decreased
regardless of the irrigation protocols used
MuKpOTBEPAOCTb AEHTIHA KOPHSA 3HA4YNTENbHO CHIKANACh NPY NCMONb30BaHNK 3% 1 5% pacTeopos
NaOCl. B rpynne, 06pa6oTaHHoi 2% pacTBOPOM XNOPreKCUANHA BUrOKOHaTa, Takke Habnaanoch CHI-
)KEHNE MUKPOTBEPAOCTYM MO CPABHEHMIO C KOHTPOMBHOM FPynMnoi, HO 3Ta pasHuLa He Gbina CTaTUCTUYECKM
N. Khurana 3Ha4MMOiA. B rpynnax, nofBepriunxca ynbTpassykoBOil akTUBaLWN, HABIOAANO0CH 60Mee 3HaYUTebHOE
2024 1 1 coasT. [18] CHIDKEHE MUKPOTBEPAOCT MO CPABHEHMIO C rPyNnamu, He NOABEPraBLLMMICSA yNbTPA3BYKOBOI aKTUBALAN
N. Khurana The microhardness of root dentin decreased significantly when using 3% and 5% NaOCl solutions.
et al. [20] In the group treated with a 2% chlorhexidine digluconate solution, a decrease in microhardness was
also observed compared with the control group, but this difference was not statistically significant.
The groups subjected to ultrasonic activation showed a more significant decrease in microhardness
compared with the groups not subjected to ultrasonic activation
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OB30PbI JINTEPATYPbI

AKTWBALNS MPPUraLMOHHBIX PACTBOPOB MO3BOMAET YBEINHUTD
3(PMEKTUBHOCTb AE3MHMDULMPYIOLLEA CNOCOGHOCTM UPPUraHTOB B
KOPHEBOM KaHare. YrbTpasByKOBbI€e 1 3BYKOBbIE CUCTEMbI aKTUBALUY
NPPUTaLNOHHbIX PACTBOPOB 06/121A10T KABUTALMOHHBIM aKyCTUHECKUM
[ENCTBNEM, YTO, MO MHEHWUIO MHOTUX aBTOPOB [22, 23], yny4LwaoT
KayecTBO AE3MHCEKLNN KOPHEBbIX KaHanoB. 3BYKOBbIE CUCTEMbI
0611273210T ONpeLeNieHHbIM NPeUMYLLECTBOM Nepes yNbTPasByKOBbIMU:
OHM BUGPUPYIOT C MEHbLLE 4acTOTOi, HO C 60MbLLEN aMNANTYAON,
a TaKXKe CreflyeT YTOYHUTb, YTO BUOPUPYIOLLIME [BVKEHNS 3BYKOBbIX
CUCTEeM COBEPLLAKOTCA B BEPTUKAbHOI NI0CKOCTW. bnarofaps MeHb-
LLeil YACTOTE BMOPALMN PEXEe BO3HWUKAET MOSIOMKA WHCTPYMEHTOB,
06pa30BaHue CTYNeHeK U CKOMMeHe AEHTUHHBIX OMUIIOK, HO MPK 3TOM
BO3HWKAOT CIIOXKHOCTM C 06pabOTKOIA annkanbHOM TPETU KaHana.

Tema BIMAHWUA METOLOB aKTUBALMMN UPPUTALMOHHBIX PACTBOPOB
Ha MUKPOTBEPAOCTb KOPHEBOr0 [IeHTUHA HEA0CTATOYHO OCBELLEHa
B CC/EL0BAHMSAX N HYXXJAETCA B JalbHEALIEM U3YHeHUN.

Ha 0CHOBaHMM aHann3a BKIKOYEHHbIX B 0630p UCCNEA0BaAHMNA
MOXHO CLieNaTb BbIBOA, YTO MHCTPYMEHTbI C BO3BPATHO-MOCTYNA-
TeNbHbIMU ABMKEHUAMMN YOANAoT 60/blUe KOPHEBOrO AEHTUHA U
0CTaBNAT 60/blUe AedEeKTOB Ha CTEHKE KaHana no CPaBHEHUIO
C WHCTPYMEHTAMU MOSIHOTO BPALLEHUS; YBENINYEeHE BPEMEHU U
KOHLIEHTPALMN NPPUraHTOB, a TAKXKe aKTUBALUA UPPUraLMOHHBIX
PacTBOPOB NPUBOANT K 3HAYNTENILHOMY CHVDKEHIO MUKPOTBEPAOCTH
KOPHEBOro feHTHA. OHAKO Ans NPUNOXXEHUs 3TUX Pe3yNbTaToB K
KMWUHWNYECKOII NpaKkTuKe He06X0AMMO Y4NTbIBATL BUSHIE MUKPOO-
HOro (DaKTopa, YCTPAHEHWe KOTOPOro ABNAETCA NepBOCTENEeHHON
3ajja4em AHA0OHTIYECKOr0 NieyeHns. [ToUCK ONTUMAnbHBIX C TOYKU
3peHNs [e3UHAEKLMN CUCTEMbI KOPHEBbIX KAHANI0B U COXPaHEHUs
NPOYHOCTM KOPHS NOAX0A0B NPpeAcTaBnseT 60bLION MHTEpeC ans
NPaKTUKYIOLLMX BPA4ei-CTOMATOSIOroB.

3aknioyenune

Ha oCHOBaHWK aHann3a nuTepaTypbl MOXHO 3aKM0YUTb, YTO
Kaaplil 3Tan 3HA0A0OHTUYECKOr0 NIEYEHNS MOXET 0Ka3blBaTb Ha
MWUKPOTBEPAOCTb AEHTUHA HEraTMBHOE BNIMSIHWE Pa3fiIM4HOI CTe-
MEHN BbIPAKEHHOCTW. BbisiBNEHWE NOAX0A0B, YMEHbLLAKLWNX 3TO
HeraTMBHOE BWSIHWE, SBNAETCA NEPCNeKTUBHbIM HANPaBeHNEM
ans 6yaywmx uccneoBaHui.
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