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Pedepat. MukpodokycHas KOHYCHO-NyyeBas KOMMblOTepHas To-
morpadua (mmukpo-KJIKT) coBmeLaeT TeXHONOTMIO KOHYCHO-Ny4YeBOW
KomnbioTepHon Tomorpadum (KINKT) ¢ MUKPODOKYCHOI peHTreHOBCKOA
Tpy6Koi. Mukpo-KIKT B MeguLyHe UCNonb3yeTcs B OTHOCUTENBHO He-
60IbLLIOM KOIMYECTBE SKCMEPUMEHTAJIbHBIX HaYUHbIX PaboT, pe3ynb-
TaTbl KOTOPbIX 4eMOHCTPUPYIOT, UTo MUKPO-KJIKT — nepcnekTuBHas
HOBas AMarHoctTuyeckas metoguka. Llenb gaHHoin pabotbl — cpaB-
HUTeNbHbIV aHanm3 pe3ynbtatoB nccnegoBanun KIKT n mukpo-KITKT
KOpHeil yfaneHHbIx 3y60B 0 11 MOCTe NIeYeHuns, onpegeneHne UaeHTu-
bVKALMOHHBIX MPU3HAKOB HEKOTOPbIX MIOMOMPOBOYHBIX MaTEPUASOB.
Matepuanbl 1 meTogbl. B xofe paboTbl NpUMeHANUCL TOMOrpadbl
«Kavo OP 3D Vision» (CLLIA) n «MPKT-04» (Poccus) ans uccnegoBaHus
136 HenponeyeHHbIX 1 91 SHAOAOHTUYECKMN MPONeYEHHbIX KOpHel yaa-
neHHbIx 3y60B. Mo pe3ynbtatam ckaHupoBaHuin KITKT n mukpo-KIKT
6bl71 NPOBeAeH CPaBHUTENbHbIN aHann3 pekoHCTpyKuuii. Pesynbra-
Tbl U 06¢cyxpaeHue. C nomoubio MUKPO-KITKT 6b11n 06HapyKeHbl
0C06EHHOCTY CTPOEHUA HEMPOJIEUEHHbIX KOPHE 3y60B, He3aMeTHble
Ha KJTK-Tomorpammax, Takue Kak AononHuTeNbHble KaHasbl B anekcax
KOpHeli, copep»KnmMoe B KOPHEBbIX KaHanax, MpoAosibHble Nepenombl
KopHs. [1o AaHHbIM 06erx MeTOAMK KOMMbIOTEPHOI ToMorpadum Obiau
onpegeneHbl naeHTUGUKALMOHHbIE NPU3HAKM UCMONIb30BaHHbIX CTOMA-
TONIOTMYECKNX MaTepranoB: KanbLmnii-aNloMOCUINKATHbIA LeMeHT, ryT-
Tanepuyesble WTUGTbI ANA NaTepanbHON KOHAEHCALMMN XONO04HON ryTTa-
nepyu, UMHKOKCUI-IBreHObHbI cunep, TepMonnactuduumpoBaHHas
ryrtanepuya Ha niaacTMKOBOM HOCMTENE, CUSIep Ha OCHOBE SMOKCUAHOW
cmonbl. CTpyKTypy MaTepranoB Ha MUKPOCKONMYECKOM YPOBHE MOXHO
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VnenTndnKaMoHHbIe TPU3HAKA
SHIOJOHTNYECKNX MaTepyasoB

1 pparMeHTOB CTIOMAaHHBIX MHCTPYMEHTOB
B KaHa/jax yAaJeHHbIX 3yOOB 110 JaHHBIM
KOMIIBIOTEPHOII TOMOTrpadun

6b110 ONKcaTb ToNbKO Mo pesynbtatam Mukpo-KJTKT. Beina npoBeaeHa
cpaBHUTenbHasa oueHka KINKT n mukpo-KIJIKT kopHeii 3y60oB, KaHanbl
KOTOpPbIX cofiepanu npefjHaMepeHHO ClIOMaHHble B XOfe NleYeHnsa me-
Tannanyeckne NHCTpymeHTbl. [1o aaHHbIM KITKT, npucyTcTBre meTanna
CHUXKaNno MHGOPMATUBHOCTb PEKOHCTPYKLUIA CUSIbHEe, YeM MO pe3yrb-
Tatam Mukpo-KJIKT. 3aknioueHue. Mo cpaBHeHuto ¢ KITKT mukpo-KJTKT
XapakTepusyetcsa 6onee BbICOKMM NMPOCTPAHCTBEHHBIM pa3pelleHnemM
1 YEeTKOCTbIO 13006paXKeHNi1, MeHee BblpaXKeHHbIMU apTedakTamm oT Me-
Tasnna, no3BosnsAeT 06HAPYXKNTb JOMONHUTENIbHbIE KOPHEBbIE KaHarbl,
NIVHAY Nepernioma U BKIKYEHUA B MONOCTY 3y60B, JaeT BO3MOXHOCTb
OXapaKTepr30BaTb CTPOEHUE NIOMOVPOBOYHbBIX MaTepMaioB Ha Mu-
KPOCKOMNYECKOM YpPOBHeE.

KnroueBbie cnosa: KJTKT, mukpo-KJIKT, KanbLmin-anioMoCUanKaTHbIn
LieMeHT, METOA NnaTepasnbHON KOHAEHCALMM XONIOAHON ryTTanepuu, UNHK-
OKCMA-3BreHo0Bas nacta, TepmonnacTudnumpoBaHHas ryttanepuya, cu-
nep Ha OCHOBE 3MOKCUAHON CMONbI
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Radiological characteristics of endodontic
materials and fragments of broken
instruments in the canals of extracted
teeth according to computed tomography

Abstract. Microfocus cone-beam computed tomography (micro-CBCT) combines the technology

of cone beam-computed tomography (CBCT) with a microfocus X-ray tube. Micro-CBCT is used
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in medicine in a relatively small number of experimental scientific works, the results of which
demonstrate that micro-CBCT is a promising new diagnostic technique. The purpose of this work
is a comparative analysis of the results of CBCT and micro-CBCT studies of the roots of extracted
teeth before and after endodontic treatment, identification of the radiological characteristics
of endodontic materials. Materials and methods. Devices Kavo OP 3D Vision (USA) and “Micron”
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(Russia) were used in order to scan 136 untreated and 91 endodontically
treated roots of extracted teeth. A comparative analysis of the acquired
CBCT and micro-CBCT reconstructions was performed. Results and dis-
cussion. Additional canals in the apexes of the roots, contents of the
root canals and longitudinal fractures of the roots were imperceptible
on the CBCT images of the untreated roots, but could be discovered with
the help of micro-CBCT. The radiological characteristics of calcium-alu-
minosilicate cement, gutta-percha pins for lateral condensation of cold
gutta-percha, zinc oxide-eugenol sealer, thermoplasticized gutta-percha
on a plastic carrier, and epoxy resin-based sealer were determined for
both of the computed tomography techniques. The microscopic struc-
ture of the materials could only be observed using the micro-CBCT re-
constructions. A comparative analysis of the CBCT and micro-CBCT scans
of the roots which contained intentionally broken metal instruments was
performed. The presence of metal fragments resulted in stronger distor-
tions on CBCT images compared to the results of micro-CBCT. Conclu-
sion. Compared to CBCT, micro-CBCT is characterized by a higher spatial

BBEJJEHVE

KonycHo-nyueBas komnbioTepHast Tomorpadus (KJIKT)
B CTOMATOJIOTMY UCIIOJIb3YeTCs [/ MJIaHUPOBAHUSA U KOH-
TPOJISl TepaneBTUYeCKUX U XUPYPrudecKUX BMelaTebCTB
[1—5], B TOM umcrie auist aHanM3a CTPOEHMsT KOPHEBBIX Ka-
HaJIOB 3y0OB U OLIEHKH Pe3yJIbTaTOB SHI0ZI0OHTHYECKOTO
nevyenus [6—8]. MukpodokycHasi KOHyCHO-Jly4eBast KOM-
nbroTepHas Tomorpadus (Mukpo-KIIKT) coBmeraer Tex-
Hosoruto KJIKT ¢ npuMeHeHreM PeHTTeHOBCKOH TPyOKH
¢ GoKycHbIM mATHOM rameTpoM Meree 100 mxm [9]. Cos-
peMeHHBIe MUKPOQOKYCHbIEe TOMOrpadbl MpeHa3HaYeHbl
TOJIBKO 151 UCCIIEOBAHNS HEMOJBIDKHBIX OOBEKTOB Orpa-
HUYEHHBIX pa3MepoB, no3Tomy MUKpo-KJIKT B cromaToso-
UV IPUMEHSETCS] B OTHOCUTENIbHO HeOOIbIIOM KOJTIYecTBe
JKCIepUMEeHTalbHBIX Hay4YHBIX paboT [10—26]. U3BecT-
HbI eIMHUYHBIE CIy4Yan UConb30BaHus MUKPO-KJIIKT nia
M3y4YeHHs ITpernapaToB 3y00YeNTI0CTHOM cucTeMbl B Poccun
[27—35]. Ha ocHOBaHMY CyILIECTBYIOIMX MCCIIeSOBAHMUI
MOXHO 0XHZaTh, yTo MUKPO-KJIKT packpoeT HOBbIe BO3-
MO>KHOCTH B PEHTTeHOJIOTUYeCKOM UCCIIeZJOBaHUU B CTO-
MaToJIOTHH.

Ilenb uccnenoBaHUA — IPOAHATIU3UPOBATh U CPaB-
HUTb BO3MOXHOCTU KJIKT u muxpo-KJIKT npu Busya-
JIM3alMY KOPHeW yJaJeHHbIX 3y0OB, HEKOTOPBIX IIJIOM-
OMPOBOYHBIX MaTepPUaJIOB U 0OJIOMKOB METAJINIeCKUX
MHCTPYMEHTOB BHYTPH KOPHEBBIX KaHAJIOB, a TAKXe OIU-
caTb UeHTUUKALMOHHbIE IPU3HAKYA MaTepUaOB Jis SH-
DOOHTUYECKOTo JiedeHus.

MATEPUAJIBI I METOJIbI

B nccnenoBaHuu NPUMEHANINCh KOHYCHO-JIy4eBOU KOM-
nbioTepHbIN ToMorpad «Kavo OP 3D Vision» (Imaging
Sciences International, CIITA; 120 kB, 5 MA, pa3mep Bo-
Kcens 125 MKM) U MUKPOQOKYCHBIM KOHYCHO-JIy4eBOu
KOMIIbIOTepHBIN ToMorpad «MPKT-04» (xadenpa DITY
«JIDTW», Caukt-IletepOypr, 92—115 kB, 40—60 MKA,
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resolution and clarity of images, less pronounced artifacts from metal, al-
lows to detect additional root canals, fracture lines and inclusions in root
canals, makes it possible to characterize the structure of filling materials
at the microscopic level.

Key words: CBCT, micro-CBCT, calcium-aluminosilicate cement, cold
lateral condensation of gutta-percha, zinc oxide eugenol paste, thermo-
plasticized gutta-percha, epoxy resin-based sealer
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pa3mep Bokcens 8,5—20,77 mxm). MccnenoBaHue nmpoxo-
ZWJIO B [iBA 3TAIlA.

Ha nepBom stane 6butu poBezieHbl KJIKT u Mukpo-
KJIKT uccnenoBanus 136 kopHeil y 71 ynanenHoro 3y6a.
Ha BTOpOM — MHCTpyMeHTa/lbHasA 00paboTKa U SHAOLOH-
TUYECKOe JiedeHre KOPHeil yiaJieHHbIX 3y00B. B pesynbra-
Te HOCJIe JiedeH!s1 KOPHU yAaleHHbIX 3y00B MOXHO OBLIO
pa3fieNuTh Ha TPYNINBI B 3aBUCUMOCTHU OT COZEepPXUMOT0
KODHEeBbIX KaHAJIOB:

o GparMeHTHI IpeJHAMEPEHHO CJIOMaHHBIX CTaJbHBIX
Y HUKeJb-TUTAHOBBIX NHCTPYMEHTOB /I SHAOOH-
tdeckoro ynevenus (K-file, H-file, ProFile, ProTaper,
KaHaJIOHATIOJIHUTeNN) — 26 KOpHey;

o KaJbIMiT-aJFOMOCUIUKATHLIH 1eMeHT (Trioxident) —
20 KopHeit;

e CTaHZApTHaA TyTTanepya A jJaTepalbHON KOH/eHca-
1Y XOJIOAHOW TyTTanepyu (IWTUQPTHI) U IHKOKCHU]-
9BTeHOJIbHBIN cuiiep (DozneHT) — 31 KopeHb;

o TepMOMIACTUUIMPOBAHHASA I'yTTallepya Ha IJIaCTUKO-
BOM HOCHTeJIe B COUeTaHWUH C CUIEPOM Ha OCHOBe 310K~
cuzHo# cMostbl (Adseal) u 6e3 cunepa — 8 U 6 KOpHeit
COOTBETCTBEHHO.

IToce 06pabOTKY KaXablid 3y0 GBI UCCIIEOBAH IPU
nomowy KJIKT n mukpo-KJIKT. ITo pe3ynbraTam CKaHUPO-
BaHUS Ha 000MX 3Tanax ObLIM MOCTPOEHBI [IBY- U TPEXMep-
Hble PEKOHCTPYKIMH C TIOMOIIBIO IPOrPaMMHOTO 0becre-
genus Radiant u 3D Slicer 1 nmpoBezieH UX CpaBHUTEJbHBIH
aHasus.

PE3Y/IBTATBI "I OBCYKJEHNE

KOopoHKOBBIe YacTH 3y60B OBLIM 4aCTUYHO Pa3pyLIeHbI
U He pacCMaTpUBAJINCh NIPY aHAJN3e pe3yJbTaToB KCCIIe-
ZOBaHMUSL.

ITpu ananuse ctpoeHus 136 kopHell y 71 yaajneHHOro
3y6a ¢ momompbio KJIIKT o6HapyXeHbI A0OMOTHUTEIbHbIE
KOpHeBble KaHaJIbl B alIUKaJIbHOH 9acTu y 36 (26,5%) xop-
Heil, a ¢ nomosio MUKpO-KIIKT — y 79 (58,1%) kopHeii.
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KonuuecTBo 10NONHUTENbHBIX KOPHEBBIX KAHAJIOB B OIHOM
1 TOM e KOopHe, 110 faHHbIM KJIKT 1 mukpo-KJIKT, cos-
nazauo TOJbKO B 9 c/lydasdx, a BO BCeX OCTaJbHBIX HAa MU-
Kpo-KJIKT 06HapyX1Bajaoch 6oJblIe JOMOTHATETbHbBIX
KaHasoB, yeM Ha KJIKT (puc. 1).

ITo nansubiM KJIKT B 30 (14,7%) cnyyasx B KOpHe-
BBbIX KaHaJaX HaXOAWJIUCh BKIOYeHus. 1o pesynbTaTam
MHUKpPO-KJIKT cozmepxumoe ob6Hapyxwiu B 99 (72,8%)
KOPH#X. B HEKOTOPBIX CJIy4asix 3TO OBUIN IUIOTHBIE TOYed-
Hble BKJIIOUEHHs, TaKXKe Ha M300pakeHUsIXx MUKPO-KIIKT
MO’KHO ObUIO OOHAPYXXUTb CTPYKTYPBI HU3KOH IIOTHOCTH
HeNpaBWIbHON (pOPMbI U HEOTHOPOZHBIE 0OBI3BECTBIIEHHS,
YTO COOTBETCTBOBAJIO MyJbIle, KOTOPasi COXPAHUIACh B KOP-
HeBbIX KaHaJax 1ocJje yaajaeHus (puc. 2).

[lns fneHTHHA 3yO0B, KOTOPBIE TIOABEPraJuch MpH yaa-
JIeHUY TpaBMUpYIoIeMy U3rdecKoMy BO3ZEHCTBUIO, a 3a-
TeM XPaHUJIUCh B BBICYIIEHHOM BHUJZle, XapaKTepHbl XpyI-
KOCTb, HaJIN4YMe MEJKUX U KpynHbIX TpemuH. Ha KJIIKT
y 29 (23,8%) KOpHe# 06HApYXeHbI TPOZIOJIbHBIE [IEPETIOMBI,
ZOCTUTaBLIVe TI0JIOCTU KOPHEBOTo KaHaa. I1o JaHHbIM MU~
kpo-KIJIKT, Takue TpelmuHbl UMeIuch y 62 (45,6%) KopHei
(puc. 3).

Ha BTOpOM 3Tame wucciefoBaHUA NPOBOAMUIACH
OLleHKa TOMOIPaMM, IIOCTPOeHHBIX 0 AaHHbIM KJIKT

Puc. 1. Tomozpammel anukanabHoU 4acmu KopHs yoaneHHo20 3y6a 8 akcu-
aneHot nnockocmu. Ha KJIKT MoxHo pasnuyums monbko ciabosamemHele
o4yepmanua 00Ho20 u3 kaHanos (a). Ha mukpo-KJIKT kopHesol kaHan
pasoenusca Ha HeCKOIbKO MeJIKUX, U KaxObIl U3 HUX 3aKaHYusaemcs anu-
KanbHbiM omeepcmuem (b)

[Fig. 1. Two-dimensional reconstructions of the apex of an extracted tooth
in the axial section. Only one root canal is visible on the CBCT image (a).
Micro-CBCT shows several microscopic root canals (b)]

Puc. 2. ®pazmeHmel momozpamm cpedHeli yacmu KOpHS yOdsieHHO20
3yba 8 npodonbHoli nnockocmu. Ha KJIKT ommeHku cepozo 8 npoekyuu
KOpHEe8020 KaHasna pacnpedesieHbl HepagBHOMEPHO, Heslb3A CKa3dmb, Yemy
coomgemcmeayem OAHHAA KAPMUHA: COOEPXKUMOMY 8 KOPHeBOM KaHase
unu wymam Ha usobpaxeruu (a). Ha mukpo-KJIKT sudHo HeoOHopooHoe
Co0epXXumoe 8 KOpHeBOM KaHase, NJIOMHOCMb €20 HUXe OeHMUHd, C He-
CKOJIbKUMU MOY€YHbIMU 8K/MoYeHUAMU (b)

[Fig. 2. Fragments of two-dimensional reconstructions of an extracted tooth
in the longitudinal section. Shades of gray inside the root canal on the CBCT
image are distributed unevenly, it is impossible to tell whether this should
be interpreted as the contents of the canal or image noise (a). Micro-CBCT
reveals heterogeneous structure inside the root canal, its density is lower than
dentin, with several high-density inclusions (b)]
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1 Mukpo-KJIKT-ckanupoBanuii 91 KOpHA 9HAOLOHTHYE-
CKY IIPOJIeYeHHBIX eX Vivo 3y6oB. ITomydeHa 0600mIeHHas
KapTHHa PEeHTTeHOJOTNYeCKOW CeMUOTUKHU Ui KaXKAOTOo
UCIOJIb30BaHHOTO CTOMATOJIOTMYeCKOT0 MaTepuata.

Kanpuuii-amoMoCHIMKaTHBIH [IeMeHT Ha U300pakeHu-
ax KJIKT BbITIizie OTHOPOAHBIM C HeYeTKUMU KOHTYPaMH.
Ha muxpo-KJIKT ero cTpykTypa Obl1a 36pHUCTOH, CO MHO-
KeCTBOM TOYeUHBIX BKJIIOUEHUH BBICOKOM MJIOTHOCTH, pac-
NI0JI0)KeHHBIX XaOTUYHO, CJIUBAIOIUXCA B KOHIJIOMePaThl.
OuepTraHus MaTepuaa ObUTH YeTKIMHU (PHC. 4).

Ha KJIKT KopHeii 3y60B, IpOJIleYeHHbIX METOZOM JIa-
TepajbHON KOH/IEHCALIUU XOJIOAHOM TyTTaNepyu, OTheb-
Hble TyTTanepyeBble ITUPTHI He ONpesiessnch, eci He-
CKOJIBKO ITTU(TOB pacronaraaich 61U3K0 APYT K APYTY.
Cuiiep B KOPHEBBIX KaHaJIaX HEBO3MOXKHO OBUIO OTIIMYUTh
ot ryrranepuu. Ha usobpaxennsax Mukpo-KJIKT 6butn
BUJIHBI OTZleJIbHbIE TyTTanepueBble MTU(THI BHE 3aBUCH-
MOCTH OT X B3aMIMHOTO II0JIOXKeHNUA U KONu4ecTBa. TONbKO

b

Puc. 3. Tomozpammbl cpedHeli Yacmu KOpHA yoaneHHo2o 3y6a 8 akcuanbHol

nnockocmu. Ha KJIKT nuHus nepenoma, 0ocmuzarouias KopHe8020 KaHand,
npakmuyecku Hepasnuyuma (a). Ha mukpo-KJIKT nuHus nepenoma e none-
PeYHOM ceyeHuu 0ocmueaem nosocmu kaHasna (b)

[Fig. 3. Two-dimensional reconstructions of an extracted tooth with a frac-
ture line in the axial section. The fracture line is practically indistinguishable

on the CBCT reconstruction (a). The fracture line reaches the root canal on the

micro-CBCT image (b)]

Puc. 4. OpazmeHmbl moMo2pamm KopHsA 3y6a 8 akcuasibHol niaockocmu,
KopHesol KaHan 3anosiHeH KanbUul-aaoMOoCUIUKAMHBIM yeMeHmMOoM.
Ha KJIKT nnom6upogoyHsili mamepuan 0OHOPOOHBIL, e20 oYyepmaHus
pasmeimele, KOpHe8oU KAHAN 3aNnoJiHeH UeMeHMmMOM HAnoJ08uHy (a).
Ha mukpo-KJIKT 8udHa HeoOHopoOHas 3epHUCMas cmpykmypa niaoméupo-
B0YH020 MAMePUAnd, C MOYeYHbIMU BKITIOYEHUAMU BbICOKOU NJIOMHOCMU,
a makxe HeckosIbKo nycmom pasnuyHol ¢popmMbl U pasmepos 8 mosuje
Mamepuana u Ha e20 2paHuye ¢ 0eHMUHOM; KOpHegoU KaHA HanoIoBUHY
3aNnoJIHeH (ppazmeHmamu 0eHMUHA, Komopble He 6Gbiaiu yoaneHbl nocse
MexaHudeckoli obpabomku (b)

[Fig. 4. Fragments of two-dimensional reconstructions of an extracted tooth
in the axial section, the root canal is filled with calcium-aluminosilicate
cement. The filling material is homogeneous and its outlines are blurred
on the CBCT image, the root canal is half filled with cement (a). Micro-CBCT
shows the granular structure of the filling material that contains high-density
inclusions, as well as several voids of various shapes and sizes; the root canal
is partially filled with dentin fragments that were not removed after mechani-
cal preparation (b)]
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B IJIOTHO 3aIJIOMOMPOBAHHBIX KaHAIAX OYePTaHUA ITU(-
TOB MOTJIM CJIMBAThCA, Yallle BCETO B allMKaJbHOU YaCTHU.
PayioM ¢ ryTTanep4eBbIMU IITHPTAMU B KOPHEBBIX KaHaJIaX
ObLI BUIEH LIUHKOKCHU/I-3BI€HOJIBHBIH CHJIep — OZHOPOJ-
HBI, C HeOOJIBIIMM KOJIMYECTBOM BBICOKOIUIOTHBIX TOYeY-
HBIX BKJIIOYeHU! (puc. 5 1 6).

Ha KJIKT KxaHaJoB, TpoJieYeHHbIX TepMOIUIACTUPUIIN-
POBAHHOMH ryTTanepyeil, He ObLIM Pa3TUYUMBI I1J1aCTHKO-
BBII HOCUTeJIb, TyTTanepya u cuiiep. CofepKuMoe KaHajloB
BBITJISIZIENIO OZIHOPOZIHBIM, BBI3bIBAJIO YMEPEHHO BbIpaXeH-
Hble apTe(aKThbl, OYepTaHUs OJIM3JIEKAIIX CTPYKTYP ObI-
nu HedeTkuMmu. Ha mukpo-KJIKT xopomo omnpezensanach

Puc. 5. OpazmeHmubl momozpamm KopHa 3y6a 8 akcuasibHol naockocmu,
KopHegoli KaHan codepxum 2ymmanepyeguilti wmugm 011 memooa
J1lamepaneHoli KOHOEHCAyuu Xon00HOU eymmanepyu U YUHKOKCUO-382e-
HosbHbIU custep. Ha KJIKT wmugm u cunep He paziuyaromcs, o4epmanus
€00epXUMo20 KOpHesoz0 KaHana pasmeimsl (a). Ha mukpo-KJIKT eudeH
00UH 2ymmanepyesbili wumugm, cusep ¢ eOUHUYHBIMU MOYEYHbIMU 8bICO-
KONJIOMHbIMU 8KJIIOYEHUAMU, NPOMEXYMOK MeX0y Wmugpmom, cunepom
u 0eHmuHom. KopHesol kaHan wjenegudHoli hopmel nposiedeH HenosiHo-
CMblO, YACMUYHO 3aNOJTHeH (hpazMeHmamu OeHmMUHa, Komopele He 6blIu
yoaneHvl nocsie mexaHuyeckol ob6pabomku (b)

[Fig. 5. Fragments of two-dimensional reconstructions of an extracted tooth
in the axial section, the root canal contains one gutta-percha pin for lateral
condensation of cold gutta-percha and a zinc oxide-eugenol sealer. The
endodontic materials are not visible on the CBCT image, their outlines are
blurred (a). Micro-CBCT shows a gap between the gutta-percha pin and the
sealer. The sealer contains several microscopic hyperdense granules. The nar-
row root canal is partially filled with dentin fragments that were not removed
after mechanical preparation (b)]

Puc. 6. OpazmeHmbl momMo2pamm KOpHA 3y6a 8 akcuasibHol niaockocmu,
KOpHesol KaHan codepxum 2ymmanepydesbie wmugmel 019 Memoda

JlamepaneHoU KoHOeHcayuu xos00HoU 2ymmanepyu U YUHKOKCUO-382e-
HonbHbIl cunep. Ha KJIKT wmugmel u cunep He pasnu4aiomcs, o4epmarus

€00epXUM020 KOpHE8020 KaHana pasmeimel (a). Ha mukpo-KJIKT eudHo He-
CKOJIbKO 2ymmanepyesbix Wmugmos, cusiep Mexoy CmeHKamu KOpHe8020

KaHana u wmugmamu, KaHaa 3anosiHeH He nosHocmeto (b)

[Fig. 6. Fragments of two-dimensional reconstructions of an extracted tooth

in the axial section, the root canal contains gutta-percha cones for cold lateral

condensation and a zinc oxide-eugenol sealer. The endodontic materials are

not visible on the CBCT image, the outlines of the root canal are blurred (a).
The sealer and the gutta-percha cones are clearly visible inside the root canal

on the micro-CBCT image. The pins remain in a deformed state. Two of the

pins appear to have hollow centers (b)]
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rpaHMI[A MeX/y OZHOPOJHBIM BelleCTBOM TyTTallep4u
¥ GoJIee IIOTHBIM IUIACTUKOBBIM HOcUTeseM. Cuiiep Ha oc-
HOBe 3TOKCU/THOM CMOJIBI ¥ TyTTallepya BU3yaJbHO OTJIM-
YaJIMCh TOJNBKO IUIOTHOCTBIO, TIO3TOMY Ha OOJIBIIMHCTBE
PEKOHCTPYKLMI 'PaHUIIA MEX/Yy HIMU He OIpezesiach.
OuepTaHus OKPYXAIOIIMX CTPYKTYP OBUIM XOPOLIO pa3Jiu-
quMBl (puUc. 7).

ITosocTy BHYTPH IVIOMOMPOBOYHBIX MaTepUaOB MM
Ha UX IpaHMUIie C IeHTUHOM ObLIM BUZHBI HA U300paKkeHH-
ax KJIKT TonbKO B ci1y4ae BbIpaKeHHOTO HEOZHOPOLHOTO
IIOMOMPOBAaHUs KOPHEBBIX KaHanoB. Ha n3obpaxeHu-
Ax MUKpO-KJIKT o6HapyXuBaIuch MUKPOCKOTINYECKHE
MYCTOTHI OKPYIJION WJIM HENPaBUIbHON GOPMBI BHYTPH
IUIOMOMPOBOYHBIX MaTepPHUaJIOB, HA TPAHUIIE MEXIY HU-
MM, a TaKXe B 00J1aCT KOHTAKTa IIOMOMPOBOYHBIX Ma-
TepUasIoB U JIeHTUHA Jia)ke B PABHOMEPHO U HeNpephIBHO
3aIJIOMOMPOBAaHHBIX KaHaJMaxX. B riyOuHe KaibLuii-amo-
MOCHUJIMKAaTHOTO IIeMeHTa ¥ IMHKOKCUZ-3BTreHOJbHOIO CHU-
Jiepa HaXO[WJIMCh MyCTOThI Pa3IMYHON POPMBI U pa3MepoB
(cM. puc. 4—6). Booab npofoIbHON OCH TyTTanep4yeBbIX
ITUPTOB AJIST METOZA JIaTepPaIbHON KOH/IEHCAIIUU XOJIOA-
HOM IyTTanep4u MOIJIO HAXOAUTbCS CKOTIJIEHHE MHOXEeCTBa
MeJIKUX IYCTOT, YTO CO374aBajio KapTHHY IOJION cepALe-
BUHBL. IIpu fedopManuy ryrramnepyeBbx MTUPTOB B HUX
BO3HUKAJIM JIMHUY Pa3pbiBa, 1eGOPMUPOBAHHbIE MEXaHH-
4eCKUM BO3/IeHCTBHEM ITU(THI COXPAHSAIN U3MeHEHHYIO
dopmy (cm. puc. 6). TepMoracTuUIMPOBAHHAS TyTTaTIEP-
Ja MOIJIa COAEPKaTh e[MHNYHbIE MEJIKUe [I0JI0CTH, @ TAKKe
OTCJIAauBATHCA OT IIJIACTUKOBOTO HOCUTEIS.

Mertannudeckue pparMeHThI Ha IByMEPHBIX U300pa-
XeHuaAx, nonydeHHslx npu KJIKT, Bcerna umenu OKpyriyo
¢dopMy B TONEPEYHOM CeYeHUH, Ha TPEXMEPHBIX PEKOH-
CTPYKLMSAX pesibed UX IIOBEPXHOCTH OBLI cryiakeH. MeTasun
BBI3bIBAJI apTeaKThl, U3-32 KOTOPBIX KOHTYPBI IpPHJIeXa-
IMX 00BEKTOB ObUIM IJIOXO Pa3iTNyiMBbl. Ha 1ByMepHbBIX

Puc. 7. OpazmeHmsl momo2pamm KopHsA 3y6a 8 akcuanbHol niockocmu,
KopHegol KaHan cooepxum mepmonsiacmuguyuposaHHyio ymmanep-
Yy Ha NIACMUKOBOM HOCUMese U Cusiep HA OCHO8E SNOKCUOHOU CMOSTbI.
Ha KJIKT 2ymmanepya, Hocumens u cusnep He onpedesisiomcs, KopHesoU Ka-
HAJ13aN0JIHeH He NosIHocMb o (a). Ha mukpo-KJIKT 8udHo nnacmukoseili Ho-
cumernb Ha (hoHe 2ymmanepyu, KOPHe8OoU KaHAJT 3aNOJIHEeH He NOJTHOCMbIO,
Mexdy 2ymmanepyeli u 0eHmuHom cs1ol cunepa. [TocnedHuti pacnpocmpa-
HAemca 8 JUHUU nepesioMa KopHA 3yba. Ciou 2ymmanepyu 8 8ude cnupasnu

nocsie sgedeHua 0bmypamopa 8 KaHan spawjamesbHeim 08uxxeHuem (b)

[Fig. 7. Fragments of two-dimensional reconstructions of an extracted tooth

in the axial section, the root canal contains thermoplasticized gutta-percha

on a plastic carrier and an epoxy resin-based sealer. CBCT shows a partially

filled root canal, the endodontic materials inside the root canal are blurred (a).
Micro-CBCT makes it possible to observe that homogenous gutta-percha

is clearly divided from the plastic carrier, the root canal is partially filled, there

is a layer of sealer between gutta-percha and dentin and the sealer spreads

inside the fracture lines of the root; gutta-percha forms a spiral shape because

the obturator was rotated inside the canal (b)]
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n3zobpakeHusax mo pesynprataM Mukpo-KJIKT uHCTpYy-
MEeHTbI UMeJIY OKPYIJIYIO, TPeyTObHYI0, YeThIPeXyTONbHYI0
¢dopmy B momnepeyHoM cedeHNU. ApTedakTsl OT MeTasia
OBbLIM SPKO BBIP)XEHBI, HO TIPY 3TOM TOJIBKO MEeJIKUe HU3-
KOIUIOTHBIE CTPYKTYPBI BOJIM3M TOBEPXHOCTH MeTaJIlIa OKa-
3bIBAJIUCh CKPBITHI OT HaboieHus (puc. 8 u 9).

ITocTpoeHue TpeXMepHBIX PeKOHCTPYKIMIA CIOMaHHBIX
VMHCTPYMEHTOB, a TaK)Xe [IPOBe/ileHNe U3MepeHni ¢ HUMU
npu KJIKT 6bL10 3aTpyHEHO, TaK KaK Ha U300paKeHUH He-
BO3MO)XHO OBLIO OIIPEZIeNIUTh IPAHUILy Pa3MBIThIX O4epTa-
HUI MeTasummdeckux ¢pparmeHToB. ITo pesynpraTtam KJIIKT
BU3yaJIbHO HAOJIIOJANOCh YBelndeHre 00bemMa MeTasuia
1o cpaBHeHMIO ¢ MUKpO-KIJIKT. [Ins 26 KopHe# 3y60B, Ka-
HaJIbl KOTOPBIX COZlepKaJv TOJIbKO CIOMaHHble HHCTPYMeH-
ThI, OBLIM IOCTPOEHBI TPEXMEPHbIE Mozien GpparMeHTOB
MeTaIa ¥ NoAcYuTaH ux oobeM. ITo pesynpraram KJIKT
00beM MeTaIMyecKoro ¢pparmMeHTa Bcerzia ObLI OobIe,
yeM 10 JaHHbIM MUKpO-KIJIKT, mpuyem B 89,5% ciydaes
6osee uem B 3 pasa (cM. puc. 9).

BBIBOJIbI

Muxkpo-KJIKT xapakTtepusyeTcs 6oyiee BBICOKMM IPO-
CTPAaHCTBEHHBIM pa3pelleHreM U 4eTKOCThIO MOJTy4YaeMbIX
nsobpaxkenuit mo cpaBHenuo ¢ KJIIKT. Mukpo-KJIKT mo-
3BOJIsIET OOHAPYKUTB JIOTIOJIHUTEIbHbIE KOPHEBbIE KaHAJIbI,
anvKaJbHble OTBepPCTUs, JIMHUU NepesioMa U BKIYeHUs
B II0JIOCTU 3y0O0B, He3aMeTHbIe Ha n300paxeHnsax KJIKT.

KJIKT no3sposusna TOJBKO YCTAHOBUTD NPUCYTCTBUE
IJIOMOMPOBOYHBIX MaTepPUaIOB B KOPHEBBIX KaHAIaX U 00-
HapY)XUTb KPYIHbIe edeKThI IJIOMOUPOBAHUS, B TO BpEMS
Kak ¢ momouibio MUKpO-KJIKT MOXHO ObIJIO Pa3IUuUTh
HECKOJIbKO MaTepuasioB BHYTPU OJHOIO KaHaja, OXapakK-
TEPU30BaTh UX CTPYKTYpPY, OOHAPYKUTh MeJIKUe MONOCTH.
ApredakTbl OT 00bEKTOB BBICOKOW MJIOTHOCTU Ha MUKPO-
KJIKT 6butn BeIpaxkeHsl cinabee, yuem Ha KJIKT. Mukpo-
KJIKT no3Bosnmia ycTaHOBUTh GOpPMY IOIIEpeyHOro cede-
HUSA QpParMeHTOB CIOMaHHBIX MHCTPYMEHTOB U IIOCTPOHUTh
Gosee neTasbHbIE TPEXMEPHBIE MOJIET MeTaInIeCKIX
00BEKTOB.

NUTEPATYPA/

1. Bacunves A.10., [lempoeckas B.B., TononeHuykuti 0.3.,
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Puc. 8. Tomozpammel KopHs 3yba 8 akcuanbHol niockocmu, KopHegol

KaHasn codepxum ¢ppazmerHm memannuyeckozo uHcmpymenma. Ha KJIKT —
memannuyeckuti ppazmeHm okpyasnoli hopmel 8 nonepeyHoOM cedeHuU (a).
Ha mukpo-KJIKT — memannuyeckuli ¢ppaemeHm demeipexy20/bHou

hopMmebl 8 NoONepeyHOM ceveHuU, 8 KOPHeBOM KaHasle makxe Haxo0amca

thpazmeHmebl OeHMUHA, HA hoHe apmephakmos om Mema’nsa 8UOHbI TUHUU

nepesnoma kopHs 3y6a (b)

[Fig. 8. Two-dimensional reconstructions of an extracted tooth in the axial

section, the root canal contains a fragment of a metal instrument. The metal

fragment is round on the CBCT image in the axial section (a). Micro-CBCT
shows that the metal fragment is tetragonal in the axial section; fragments

of dentin inside the root canal and fracture lines in the root are clearly visible

against the background of metal artifacts (b)]

T —

Puc. 9. TpexmepHble peKOHCMPYKUUU pazmeHmos Memasnauyeckux
UHCMPYMeHMOo8 8 KOpHeBbIX KaHanax yoaneHHozo 3y6a. Ha KJIKT nosepx-
HOCMb mpexmepHoU modenu cenaxera (a). Ha mukpo-KJIKT mpexmepHeie
MOOenu (hpazMeHmo8 cnupanbHol opmel, 8UOHbI 0emasnu Ha NOBEPXHO-
cmu u 8 obiacmu nofomMKu uHcmpymerma (b)

[Fig. 9. Three-dimensional reconstructions of two broken metal instruments
inside the root canals of an extracted tooth. The CBCT the models show simpli-
fied shapes of the fragments (a). The micro-CBCT models are spiral in shape,
with visible details on the surface and in the area of instrument fracture (b)]
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