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UccnepoBaHue oceBoro cMeLLeHUs CynpacTpyKTyp
NpU KOHMYECKOM MHTep(eice
«UMNNaHTAT — abaTMeHT»

A.B. l'ycbkos, [I.H. Muwwun, C.1. KanuHosckui, B.B. Unsico

Ps3aHCKMI rocyAapCcTBEHHbIA MeMLMHCKUIA YHUBEPCUTET MMeHM akageMuka .M. MaBnoBa, r. PasaHb, Poccuiickas Qepepauns

AHHOTALNA

BeedeHue. HecooTBETCTBME KOHTPY3HTHOCTU NOBEPXHOCTU MHTEpGElica «MMNNaHTaT — abaTMeHT» NPUBOAMT K BO3HUK-
HOBEHWI Pa3/IYHBIX HApYLLIEHMI: COOBLLLEHMIO LLIAXThl UMMJIAHTaTa C POTOBOM MOAOCTbHO, MOIOMKE KOHCTPYKLMMW, B TOM YUCIE
M UMMNIAHTaTa, U3MEHEHMIO OKKJTIO3MOHHBIX B3aMMOOTHOLLIEHWI M3-3a 0CEBOT0 CMELLIEHUS.

Liene — wvccnepoBathb CTeNeHb 0CEBOTO CMeLLeHUs abaTMEHTOB, M3rOTOBEHHBIX Pa3IMYHbIM MYTEM, OTHOCUTENBHO UM-
MNaHTaToB W aHanoroB.

Mamepuan u Memodsl. /3yyeHne 0ceBOro CMeLLEHWUSt MPOBOAMIM Ha UMMNaHTaTax KoMnaHun MIS u ux aHanorax
C KOHWYECKUM TUMOM COeAMHEHWA. B KayecTBe cynpacTpyKTyp BblOpanu opuriMHabHble U HEOPUTMHANbHLIE abaTMEHTI.
OpuruHanbHbin abatMeHT bbin npeactaBneH CS-CPK62. bbinu n3rotoBneHbl abaTMeHThl A KOHMYECKOT0 COeAMHEeHMS
C1 nyteM dpe3epoBaHms, Na3epHOr0 CMeKaHUs U MTbA MO BbKUraeMbiM MofdensM. KpenneHne uMnnaHTaToB U aHano-
roB BbIMOSIHEHO B 6110Ke M3 runca 4-ro knacca. MccnenoBaHne ocyLiecTBAsioch B pa3paboTaHHOM HaMW MMUTALMOHHOM
KOMI/IEKCe, KOTOPbI CO3[aeT LMKIMYecKyto Harpysky B npegenax 30 kr. MccnepoBaHue paspenunum Ha fBa 3Tana. 3a-
[.aya nepBoro 3tana — UCCefj0BaH1e 0CEBOT0 CMELLEHMS HA aHanorax OT CUilbl 3aKpyuuBaHWA BUHTA. K HUM Kpenunuchb
abaTMeHTbl C pasfiUYHbLIM ycuiMeM — 7 (4TO COCTaBASET ycunue 3aTarMBaHusa npocton otBepTKon), 15, 30 Hem. Mocne
KaXKoro noATArMBaHUS BUHTA NPOM3BOAMNCE BEpPTUKANbHbIE M3MEPEHUS MUKPOMETPOM. 3afaya BTOpPOro 3tana — uc-
C/le[l0BaH1e 0CeBOro CMELLEeHUs Ha UMMTIaHTaTax Nof Harpy3Kon B OpUriMHanbHOM UMUTALIMOHHOM KoMMeKce. BUHT 3aTa-
ruBancs ¢ ycunmem 30 HeM, peKoMeHA0BaHHBIM NPOU3BOAUTENEM, MOLENIMPOBanach HarpysKa. MamMepeHus npomsBoamm
KaK [0, TaK 1 Nocne MoLeNMpOBaHUs HarpysKu.

Pesynsmamel. AbaTMeHTbI OpUrMHanbHbIE M U3rOTOB/EHHbIE METOJOM (pe3epoBaHMs MOKa3anu Hambosbluee OTKIIOHe-
Hue — 0,056 n 0,066 MM cOOTBETCTBEHHO, Y abaTMeHTa, NOJTy4EHHOr0 METOAOM IUTbS, OTKNOHeHUs coctaunu 0,047 M.
HanMeHbLLee 0TKNOHeHWe BbiNo BbISBNEHO Y abaTMeHTa, BbINOHEHHOO Na3epHbIM crekaHueM (0,032 MM). ABaTMeHTbI opu-
TMHaMbHbIE W MOAYYeHHbIe MeTOAOM (pe3epoBaHNA NOKa3au HaMMeHbLLEee 0CeBOE CMeLLeHMe NpKU MOLENMPOBaHUM Harpy3-
ku (0,00167 MM Kaxaplii). Npn aToM abaTMeHTI, NONTy4eHHbIE MYTEM JIUTbSA U NIa3ePHOIO MIaBEHNS, NOKa3aK 3HaYUTENTbHOE
cmetenme (0,007 n 0,004 MM COOTBETCTBEHHO).

Boigodel. BbisneHa crefytollas 3aKOHOMEPHOCTb: YEM POBHEE MOBEPXHOCTb KOHYCHBIX LeTaseld, TeM CUIbHEE 0CEBOE
CMeLLeHMe Ha aHanorax uMnnaHTatoB — B npegenax ot 7 fo 30 HeM, B To BpeMs Kak HepoBHasi MOBEPXHOCTb [AeT Hau-
MeHbLUee oceBoe cMellenue. lpu 3ToM drKcaums no NpoToKony obecneynna CONpOTMBISEMOCTb XeBaTeSlbHbIM Harpys-
KaM Ha UMMnaHTaTax y opuriHanbHbix U dpesepoBaHHbIX abaTMeHToB. Mcnonb3oBaHue NAaTdopMbl C KOHUMYECKON CUCTE-
MOW 1S CO3[aHNA BbICOKOTOUHbIX OPTONEANYECKUX KOHCTPYKLMIA UMEET onpefeneHHble OrpaHuyeHus. 310 CBA3aHO C TeM,
yTO B N1abopaTopHbIX YCIOBMSX CO3AAETCA MOTPEeLIHOCTb B BbICOTE pecTaBpaumu. Mcnonb3oBaHWe HEOpUrMHAMbHBIX Cynpa-
CTPYKTYP NPUBOLUT K HaKOMMIEHUIO MorpeLLHocTelt. HeobxoauMo fanbHelilee U3yveHne KOHUYECKUX CUCTEM OT APYruX npo-
W3BOAMTENEN U HaXOXeHMe CrocoboB NOBLILLIEHUS TOYHOCTM PECTaBPaLMA C OMOPON Ha AEHTaNbHbIE UMMIAHTATLI.

KnioueBble cnoBa: oceBoe CMeLLEHME; MMMNIAHTAT; abaTMEHT; BUHT; TOYHOCTb; VIHTqu)EﬁC «MMMNIaHTaT — abaTMeHT».
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Axial displacement of the suprastructures
at the conical implant — abutment interface

Alexander V. Guskov, Dmitry N. Mishin, Sergey I. Kalinovskiy, Vyacheslav V. Ilyasov

Ryazan State Medical University named after Academician I.P. Pavlova, Ryazan, Russian Federation

ABSTRACT

BACKGROUND: The inconsistency of the congruence of the surface of the implant—abutment interface leads to the impaired
communication of the implant shaft with the oral cavity, breakdown of the structure, including the implant, and changes in the
occlusal relationships because of axial displacement.

AIM: This study aimed to investigate the degree of axial displacement of abutments made relative to implants and analogs.
Specific tasks were as follows: (1) to make various abutments for implants with a conical connection obtained from MIS, (2) to
study the value of axial displacement of abutments of each type relative to the implant with load modeling, and (3) to examine
the value of the axial displacement of abutments of each type relative to the analog of the implant from the tightening force of
the screw.

MATERIALS AND METHODS: Axial displacements were tested using implants and analogs of MIS implants with conical
joints. Original and non-original abutments were chosen as suprastructures. The original abutment was presented by CS-
CPK62. Abutments for the conical connection C1 were made by milling, laser sintering, and casting according to burned models.
The fastening of implant analogs and implants was made in a block of plaster of the 4th class. The study was conducted in a
simulation complex we have developed, which creates a cyclic load within 30 kg. The study was divided into two stages. In the
first stage, axial displacements on analogs from the force of screw tightening were examined. Abutments were attached with
various forces: 7 Ncm (tightening force with a simple screwdriver), 15 Ncm, and 30 Ncm. After each screw tightening, vertical
measurements were made with a micrometer. In the second stage, axial displacements on implants under load in the original
simulation complex were assessed. The screw was tightened with a force of 30 Ncm, as recommended by the manufacturer,
and load simulation was performed. Measurements were made both before and after the load simulation.

RESULTS: The original abutments and those made by milling showed the greatest deviation (0.056 mm and 0.066 mm, re-
spectively), and abutments obtained by casting had deviations of 0.047 mm. The smallest deviation was found in the abutment
made by laser sintering (0.032 mm). The values obtained in the second stage were as follows. Original abutments and abut-
ments obtained by milling showed the smallest axial displacement when modeling the load (0.00167 mm each). Moreover, the
abutments obtained by casting and laser melting showed significant displacements (0.007 mm and 0.004 mm, respectively).

CONCLUSIONS: A pattern was revealed: the smoother the surface of the conical parts, the stronger the axial displacement
on the analog implants in the range of 7-30 Ncm, whereas an uneven surface gives the smallest axial displacement, and
fixation according to the protocol provided resistance to chewing loads on the implants in the original and milled abutments.
The use of a platform with a conical system to create high-precision orthopedic structures has certain limitations because an
error in the height of the restoration is created in laboratory conditions. The use of non-original suprastructures leads to the
accumulation of errors. Thus, it is necessary to further evaluate conical systems from other manufacturers and improve the
accuracy of restorations based on dental implants.

Keywords: axial displacement; implant; abutment; conical connection; simulation complex; implant — abutment interface.
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IKCMEPMEHTANTBHO-TEOPETUHECKME MCCIELOBAHIA

AKTYAJIbHOCTb

OtcyTcTBMe 3yboB B pe3ynbTaTe pas3nuuHbIX 3aboneBa-
HWI ABNSETCS NaTosorWel, YacTo BCTpeyatoLLenca B CToMa-
Tonorum [1-6]. PacnpocTpaHeHWe AeHTaNbHOW UMMIaHTaLMK
B XOAE€ OKasaHusi CTOMAToNIOrMyecKol NOMOLUM MaLMeHTaMm
B MOC/eLHUE rofibl LOCTUTII0 HEBEPOATHbIX MacLuTabos [7-9].
YcnexoM Ans 3TOro MOCNYXWAO 3HAYUTENIbHOE KONIMYECTBO
KaK QyHAaMeHTasbHbIX, TaK W NPUKNaAHbIX UCCeL0BaHuiA
XMPYPrUYeCKUX 3TanoB AeHTanbHoW uMnnaHTauum [10]. Oa-
HaKO He CTOWT 3abbiBaTh, YTO KOHEYHBIM 3TaNoM UMMIaHTO-
JIOTUYECKOr0 IeYeHus ABNSETCA YCTaHOBKA OpTONeAMYECKO
KOHCTpYKumm [11-13].

3avacTylo eXerofHoe COBEPLUEHCTBOBaHWE MMIM/IAHTO-
NOTUYECKMX CUCTEM, MEHSIOLLEE KaK BHELLHIOW CTPYKTYpY
MMMNaHTaTa, Tak W TUMbl €0 COeAMHEHUs C OpToneanye-
CKOW KOHCTPYKUMEN, CTAHOBMTCA MPUYMHON BO3HWUKHOBEHMA
ownboKk opToneauyeckoro nevenus [14-17]. Hambonee
pacnpocTpaHeHHbIM B AaHHbI MOMEHT SIBNISIETCA KOHWYe-
CKOE COEAMHEHME, B KOTOPOM HapyHbI KOHYC NpejcTas-
NeH abaTMeHTOM, BHYTPEHHUIA — LLIAXTOM UMMNAaHTaTa, T.e.
BHYTPEHHSAA YacTb MMMNJaHTaTa BbINOSIHEHA B BUAE KOHYca
Mop3e ¢ onpeaeneHHbIM YroM, KOTOpbIA BbIOUpaeT caM npo-
“3BOAMTENb. YCMELHOCTb AaHHOMO TMNAa CoeauHeHus obe-
CreynBaeTca 3a CYeT KOMOMHaLMWM GUKCALMU C MOMOLLbIO
K/IMHUYECKOr0 BUHTA W KOHYCOB MyTeM Hatsra [17-20].

B cTomaTonornyeckoil npakTUKe MCMOAb3YIOTCA pa3nny-
Hble TWMbl aBaTMEHTOB — KaK OpUrMHanbHBbIe, TaK U HeopH-
rMHanbHble (MHAMBMAYanbHble) [21]. CTaHAapTHbIE peLueHms
3aBelOMO [0/KHbI 00/1afaTh MOBbLILLEHHOW TOYHOCTbIO. WX
UCMONb30BaHMe MNpefnosiaraeT LOCTUMEHME HaWUNyyLLero
K/MHWYEeCKOro pesysbrata. Kpome opurvHanbHbIX cynpa-
CTPYKTYp, MCMONb3YIOTCA MHAMBMAYANIbHO M3rOTOBJEHHbIE
abaTMeHTbI, KOTOpble TaKXKe MOrYT NPUMEHATLCA B opTone-
AVYECKOM JIEYEHWUW C OMOPOW Ha [eHTasbHble UMMIAHTaTbI.
MeTop, nuTbsA No3BONSAET MOMYYUTb abaTMeHTHI Mo MpeABa-
PUTENBHO U3TOTOBMEHHBIM BbIXUraeMbiM MofensaMm. bnaro-
Aaps NPUMEHEHMI0 M afjanTauuy B CTOMATONOMMW CTaHKOB
C YMCNIOBLIM MPOrpaMMHBIM YMPaBfeHUEM CTalo BO3MOM-
HbIM MOJTyYEHNE U3LENNiA CTOMATONOMMYECKOro Ha3HauYeHMs
nytemM Qpe3epoBaHus U3 3aroToBfeHHbIX 6onBaHOK. Takke
LUMPOKOE PacnpoCcTpaHeHne MoJyynn MeTof, CeNeKTUBHOIO
N1a3epHOro CreKaHus, KOTOPbIA TakXKe MPUMEHSETCS B CTOMa-
Tonoruu. Bce nepeuncieHHble METOAbI MPUMEHSIOTCA 418 U3-
rOTOBJIEHWA MHAMBMAYaNbHbIX abaTMeHToB [22, 23].

Mpu Mcnonb3oBaHWUM HAMBMAYANBHO CO3AaHHOrO abart-
MEHTa MOBLILLAETCS BEPOSTHOCTb HECOBMAJEHUS BHELLHETO
KOHyCa OTHOCWTENIbHO BHYTPEHHEr0, NPOUCXOAALLEr0 B pe-
3ynbTaTe HapyLUeHUs TeXHOMOrMM U3roToBeHus [24—-26].
Takxe cyLlecTByeT BO3MOXHOCTb OCEBOT0 CMeLLeHus
COMpAraeMblX KOHYCHbIX YacTel BO BpeMsl COEAMHEHUS
[27, 28], 4TO MOXET NPUBOAWUTb K M3MEHEHWIO BbICOTHI
abaTMeHTa, BO3BbLILIAMOLLEr0CA Haj uMMnaHTaToM. [pak-
TMYECKM [OKA3aHO, YTO MbILLEYHbIA OpraH 3y604entocTHOM
cucTeMbl bnaroaaps NponpuoLLENTMBHON YyBCTBUTENBHOCTY
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cnocobeH owwyLaTh U3MeHeHUs B npefenax 8 MKM, uTo 06-
YCNOB/IMBaET He0bX04MMOCTb TOYHOIO CO3[aHNs OpTONeAm-
UECKMX KOHCTPYKLMI B Liensx BOCMIPOM3BEAEHNS OKKIIIO3U-
OHHBbIX KOHTAKTOB 3yD0B-aHTaroHMCTOB 6e3 BO3HUKHOBEHUS
MpeXAeBPEMEHHBIX KOHTAKTOB.

[pUYMHON BO3HMKHOBEHMSA TaKMX HAPYLUEHMM, KaK CO-
006LLeHVe LWaxXTbl UMMIaHTaTa C POTOBOI MOMOCTbI0, MOIOM-
Ka ero, opTorneAuyeckoi KOHCTPYKUMM UM UKCUpYIOLLEro
BMHTA, HECOOTBETCTBME OKKJIIIO3UOHHBIX B3aUMOOTHOLLIEHUN
“3-3a 0CEBOr0 CMELLeHNs, 3a4acTylo SIBNISETCA HeCooTBeT-
CTBME KOHTPY3HTHOCTM MOBEPXHOCTU MHTepdenca «MMMaH-
TaT — abatMenT» [11].

Lenb — vccnenoBarhb cTeneHb 0CEBOro CMeLLieHns abar-
MEHTOB, M3rOTOBJIEHHbIX Pa3fINYHBIM MYTEM, OTHOCUTEJIBHO
MMMaHTaToOB M UX aHasNOoroB.

3adaqu — v3yunTb BENMUMHY 0CEBOT0 CMeLLeHus abart-
MEHTOB Ka[oro Bua:

1) oTHOCWTeNbHO aHanora MMMNaHTaTa oT CUflbl 3aTArMBaHMS

BUHTQ;

2) OTHOCWTENIHO MMMNIaHTaTa NpU MOAENMPOBaHUN KeBa-

TeNbHOM HarpysKku.

MATEPUANT U METObI

WccnenoBaHus no m3ydyeHWio oceBoro cMelueHus abat-
MEHTOB NMPOBOAWIM Ha CTAHAAPTHOW OPTONEANYECKON NnaT-
(opMe MMMNAHTaToB C KOHUYECKUM COeMHEHNEM CUCTEMbI
MIS C1. Ins cpaBHeHWs NabopaToOpHbIX M KIIMHUYECKUX 3Ta-
MOB M3roTOB/NEHUS OPTOMEANYECKUX KOHCTPYKLMI C OMopou
Ha [eHTa/bHble MMMNaHTaThl TaKKEe UCMOJb30BaNUCh aHa-
norv umnnaxtaros C1.

[inga n3yyeHus 0ceBoro CMeLLeHWs opuriHanbHoro abar-
MeHTa OTHOCWTENIbHO UMMMaHTaTa B KayecTBe pecTaBpaLuii
Bbinn UCMOMb30BaHbl TUTAHOBbLIE TPAHCTUHIMBANIbHBIE CTaH-
AapTHble abaTMeHThl (puc. 1), a TakKe HeopUrMHambHbIE,
WHAMBMAYaNbHO M3roTOBNIEHHbIe cnocoboM hpesepoBaHus
(puc. 2), ceneKTMBHOrO NasepHoro nnaenexus (puc. 3) u im-
TbA (puc. 4).

Puc. 1. TutaHoBble TpaHCTMHIMBAMbHBIE CTaHAAPTHbIE abaTMEHTI.
Fig. 1. Titanium transgingival standard abutments.
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Puc. 2. AbaTMeHTbI, BbINOJHEHHbIE METOAOM (Dpe3epoBaHus, C Ko-
HWU4ecKuM uHTepdericoM ans umnnautara MIS C1.

Fig. 2. Abutments made by milling, with a conical interface for the
MIS C1 implant.

Puc. 4. ABaTMeHTbI, BbINONHEHHbIE METOL0M JIUTBSA M0 BbIXKUraeMbIM
MOZENsAM, C KOHNYECKUM MHTepdeiicoM ans uMnnanTtara MIS C1.
Fig. 4. Abutments made by casting according to burn-out models,
with a conical interface for the MIS C1 implant.

Memoduka npoesedeHus

[ng panbHeliwero MogenMpoBaHnUs Harpy3Kn UMMaH-
TaThl W aHanoru 6bn 3admKcupoBaHbl B 6/10Ke M3 runca
4-ro Knacca, TaK KaK B JanbHeMLIeM UMNNaHTaTbl U aHa-
norv ByLyT UCNBbITBIBATb HAarpy3KK, U UM HeobXxoaMMO UMETb
)ecTkoe KpenneHue. OcobeHHOCTbIO pacnonoXKeHus UM-
nnaHTaTa U aHanora B runcoBoM bnoke ABNSETCA OTKpbI-
Tast BepxyluKa. Co3gaeTca 3to Ans Toro, 4tobbl MUKpoMe-
TPUYECKUIA BUHT 2 UMeN AOCTYN K BEPXYLUKE WMMnaHTaTa
W aHanora s uamepenus (puc. 5). Mamepenus npoBoau-
JICb C NoMoLLbio LndpoBoro MukpoMeTpa Inforce 06-11-44
¢ norpewwHocTbto 0,002 MKM (puc. 6).

WccnepnosaHue npoBoaunock B 2 3tana. Ha nepgoM smane
uccnefoBaHuA BbINo U3y4eHO 0ceBoe CMeLLieHWe abaTMeHTOoB
Ha aHanorax MMMMIAHTaToB OT CUMbl 3aKpy4MBaHWA BWHTA.
3HaueHns KA, C KOTOPbIM 3aTAMVBACS BUHT, COCTaBUIN
7 1 30 Hem. [laHHble 3Ha4eHs Bblnm BbIOpaHb, TaK KaK B Npefe-
nax 7 HcM BO3MOXHO 3aKpyTUTb OTBEPTKOW YCUIMAMM MasibLieB
0e3 aMHaMOMeTpuyeckoro Kitoya, yeunme B 30 HeM — 3Ha-
UeHue MpW 3aTArMBaHWM BMHTA HEMOCPELCTBEHHO Ha WUM-
MnaHTaTax ¢ NOMOLLbIO IMHAMOMETPUYECKOrO KIltoua (puc. 7).
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Puc. 3. AbaTMeHTbI, BbINOSHEHHbIE METOAOM CENIEKTUBHOMO J1a3epHOro
MNaBMeHMs, C KOHUYECKUM UHTepdeincom ans umMnnautara MIS C1.
Fig. 3. Abutments made by selective laser melting with a conical
interface for the MIS C1 implant.

Mocne pacnonoxeHus abatMeHTa B aHanore (puc. 8) BUHT
3araruBancs ¢ ycuvem B 7 HcM, u3Mepsiv nonyumBLLytocs
AJIMHY MAKPOMETPOM M Moly4an 3HaueHne ainkbl La, (Length
at abutment), 3atem BuHT 3aTaruBancsa fo yeunus 30 Hem, npo-
BOAMNM U3MepeHUs 3HaueHue La,. Tak Kak BbicOTa aHanoroB
umnnanTata Hia (Height implant analog) 3apaHee u3BecTHa,
T0, NOAYYMB 3Ha4YeHUs La, 1 La,, MOXHO BbIYMCIUTL BbICOTY
abatmenTa Hab, n Hab, (Height abutment), KoTopas B03BbI-
LUanach Haj, aHanoroM Npy Kaaon 3atskke BuHTa (1, 2):

Hab, (Ha aHanorax) = La, — Hia, (M
Hab, (Ha aHanorax) = La, — Hia. )

Bbiuncnenue ocesoro cMelenmns AD (axial displacement)
KOHyca abaTMeHTa B KOHYC aHanora MOXHO BbIYMCIUTb
no dopmyne (3) (puc. 9):

AD (Ha ananorax) = Hab, (Ha aHanorax) — Hab, (Ha axanorax). (3)

BN
k
Puc. 5. bnok 13 runca 4-ro knacca (poto AByx NOBEpXHOCTEN)
C UMnnaHTatamu (Mecta pacnonoxenus 0bo3HaueHbl byksoi W)
1 aHanoramu (obo3HayeHbl Bykson A). Bepxyluku uMmnnaHTaToB
W aHanoroB oBHaXeHb! LISl OCTYNa MUKPOMETPUYECKOrO BUHTA.
Fig. 5. A block of class 4 gypsum (photos of two surfaces) with
implants (locations are indicated by the letter 1) and analogues
(indicated by the letter A). The tops of the implants and analogues
are exposed for access by a micrometer screw.
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inforce
0-25mm  0.001mm

Puc. 6. Lindposoit Mukpometp Inforce 06-11-44: 1 — natka
MWUKpOMeTpa; 2 — MUKpoMeTpuyeckuin BuHT; 3 — KK-aucnneit
L7191 0TOBparKeHNs 3HauYeHWs; 4 — KHOMKY yrpaBeHns; 5 — pyuka
XOfla MUKPOMETPUYECKOr0 BUHTA 2.

Fig. 6. Digital micrometer Inforce 06-11-44: 1 — micrometer heel;
2 — micrometer screw; 3 — LCD display for displaying the value;
4 — control buttons; 5 — micrometer screw stroke knob 2.
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Puc. 7. [IuHaMoMeTpuyecKmii Kitou (a) M CTaHAapTHas LeCTUrpaH-
Has oTBepTKa (b) U3 opTOneaMYecKoro Habopa UMMNaHTaLMOHHOM
cuctembl MIS.

Fig. 7. A torque wrench (a) and a standard hex screwdriver (b)
from the orthopedic kit of the MIS implantation system.

Puc. 8. B runcoBbiit 610K Ha aHanorv ycTaHoBeHbl abaTMeHTbI, NoJlyYeHHble NyTeM dpe3epoBaHus, Nla3epHbIM CrieKaHueM (a), opuri-

HanbHbIe U NuTble abaTMeHThI (b).

Fig. 8. Abutments obtained by milling, laser sintering (a), original and cast abutments (b) are installed in the gypsum block on analogues.

Puc. 9. CxematnyHoe nsobpaxeHnune 1-ro 3tana uccnefoBaHus,
r4e aHanor u abaTMeHT crpaBa — npu Caboii 3aTsKKe BUHTA,
CrieBa — Mpy CUIbHOM.

Fig. 9. Schematic representation of the 1st stage of the study,
where the analogue and abutment on the right — with a weak
tightening of the screw, on the left — with a strong.
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Ha smopom 3mane 6bino u3yyeHo 0ceBOe CMeLLeHMe
abaTMeHTOB Ha MMNNaHTaTax ¢ Harpy3koi. Cobntopas optone-
[MYECKUA MPOTOKON YCTAHOBKM abaTMEHTOB, NpeAnuCaHHbIA
B PYKOBOLCTBE MO UCMO/Ib30BaHMI0 OPTOMEANYECKUX EMEH-
TOB C KOHMYECKMM COEIMHEHMEM, BUHT abaTMeHTa 3aTarvBa-
cs ¢ yeunveM 30 Hem. Bbinu npounssegeHbl 3amMepbl MMMTaH-
TaToB C 3aMKCMPOBaHHBIMU Ha HUX abatMeHTamu Li; (Length
at implant). ['ncoBbIl 610K NOMECTUM B OpUrMHANBHBIA UMK~
TaUMOHHbIN Komnneke [29] (puc. 10). Ha watyH ycTpoiicTea
Obina 3aKpenneHa oTBeTHas yacTb (puc. 11), BbINoAHEHHas
W3 rUnca W UMEloLLas 0TneyaTky abaTMEHTOB TakM 0bpasoM,
4TO MpW OMYCKaHWM ee Ha abaTMeHTbI NPOMCXOAMT MX COMPUKOC-
HOBEHMe C NOBEpXHOCTbO B/10Ka. TakM cnocobom AocTuraetcs
paBHOMepHOe AaBfieHWe Ha Bce abaTMeHTbl 0JHOBPEMEHHO.
Harpyska npoucxoauna Tpu pasa B [ieHb, UMUTUPYS YTPEHHUIA,
06eeHHbIN 1 BeYepHUiA npueM nuwwm no 10 MUH B TeueHe ABYX
Hegenb [30]. Mocne oKoHYaHWA Harpy3KK MPOU3BOAMIMCH 3aMe-
poi Li,. [ins BbisiBneHus oceBoro cMeLLieHns AD Ha MniaHTatax
BbIMMCIIANIAch BbicoTa cynpacTpykTypbl Hab nyTem pashuupi Li
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Puc. 10. MmuTaumoHHbli Komnnekc: | — Kopnyc; 2 —
3NeKTpoABUraTens; 3 — pedyktop; 4 — OnoK nuTaHus; 5 —
MWKPOKOHTpONEP; 6 — BTOPUYHbIN Ban; 7 — Kpusowwwmn; 8 —
watyH; 9 — eMKoCTb € pactBopoM; 10 — TepMoperynmpyoLLuii
Onok; 11 — okKntofaTop (3aMeHEeH Ha rMNcoBble B/I0KM U OTBETHYHO
yacTb); 12 — TeH30MeTpUYeCcKue LaTUUKN.

Fig. 10. Simulation complex: 7 — housing; 2 — electric motor;
3 — gearbox; 4 — power supply; 5 — microcontroller; 6 — sec-
ondary shaft; 7 — crank; 8 — connecting rod; 9 — container with
solution; 70 — temperature control unit; 77 — occludator (re-
placed with gypsum blocks and a mate); 12 — strain gauges.

Puc.12. CxematnyHoe n3obpaxenue 2-ro atana uccrnepoBaHus:
WMMAaHTaT M abaTMeHT cnpaBa — [0 Harpysku, cnesa — nocne
HarpysKu.

Fig.12. Schematic representation of the 2nd stage of the study:
the implant and abutment on the right — before the load, on the
left — after the load.
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Puc. 11. TvncoBsble 6510KM C UMMNaHTaTaMn U abatMeHTamu ()
M oTBETHble YacTu (b), HeobxoauMble AN CO3AaHUA HArpysKu
Ha abaTMeHTbI.

Fig. 11. Plaster blocks with implants and abutments (a) and the
mating parts (b) necessary to create a load on the abutments.

U BbicoTbl MMnaHTata Hi (Height implant) o v nocne Bo3peii-
ctBuA Harpy3ku (Hab, u Hab,), a 3atem Haxopamnu pasHiLly Bbl-
coTbl abatMeHTOB (4, 5, 6) (puc. 12):
Hab, (Ha umnnanTarax) = Li, — Hi, (%)
Hab, (Ha umnnanTarax) = Li, — Hi, ®)
AD (Ha umnnaHTarax) =
Hab, (Ha umMnnanTatax) — Hab, (Ha umnnantatax).  (6)

PE3Y/IbTATbI

OceBoe cMeLLeHre abaTMEHTOB OTHOCUTENIbHO aHanoroB
MMMNaHTaTOB NpU pasHULLE CUMTbI 3aTATMBaHUA QUKCUpYLoLLe-
ro BuHTa (7-30 HcM) nokasanu cnegytoLime 3HayeHus:

1) opurvHanbHble abaTMeHTbl MOKa3anu MakcUManbHoe
0CEeBOE CMeLLeHWe Ha aHanorax B npegenax 92-109 MkM;

2) y abaTMEHTOB, BbLINOSIHEHHBIX MyTeM (hpe3epoBaHus,
BbISIBUN 0CEBOE cMelLieHne B ananasoHe 104—129 MkM;

3) abaTMeHTbI, NONy4eHHble METOAOM JINTbSA, NOKa3aM
0CeBOE CMeLLieHMe oT 66 A0 93 MKM;

4) MuHMManbHoe oceBoe cMelleHue 6bino BbisiBRe-
HO y abaTMEHTOB, MONTyYeHHbIX 1A3epHbIM CMeKaHWeM,—
55-78 MUKpoH (Tabn. 1).

BenmumHbI BKIMHEHMS KOHYca abaTMeHTa U KOHyca UMMaH-
TaTa 0T MOAE/MPOBAHMS JKeBaTeSbHOM Harpy3Ku Npy 0AMHAKOBOM
cwnie 3aTsikKy BUHTA (30 HeM) nokasanm cnepyioLume 3HaueHms:

1) MMHMManbHoe 0CeBOE CMeLLEHWe OTHOCUTENIbHO UM-
MNaHTaToB BbISIB/IEHO Y OPUTMHANBHOIO W MOJTYYEeHHOro NyTeM
(pe3epoBaHusa abaTMeHTOB (1-2 MUKpOHa);

2) 6OnblUMEe 3HAYeHWs OTKIIOHEHWS BbICOTbI MPOTOTMNA
pecTaBpaumu, BO3BbLILLAIOLLEr0Cs Haj, UMMIAHTaTOM, Onpe-
AefeHbl Y abaTMEHTOB, MOYYeHHbIX TbeM (2—12 MUKPOH)
1 Na3epHbIM CrieKaHneM (2—7 MUKpOH) (Tabn. 2).
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Ta6nuua 1. 3MepeHue oceBoro cMeLLLeHUs abaTMEHTOB OTHOCUTESbHO aHaoroB B 3aBUCMMOCTM OT CUITbl 3aKPYYMBaHMS BUHTA (MKM)

Table 1. Measurement of the axial displacement of abutments relative to analogues, depending on the screw tightening force (microns)

3aKpyuuBaHue OpuruHanbHble ®pesepoBaHHble Jlutbie CnekaeMble nasepoM
OT pyku 20,134 20,177 20,135 23,517 22963 22,973 19915 178 19,773 23,202 23,221 23,186
30H 20,025 20,077 20,043 23,413 22,839 22844 190822 17,722 19,707 23,147 23,164 23,108
Ot pykv 30 H 0,109 0,1 0092 0104 0124 0129 0093 0078 0066 0055 0,058 0,078
CpepHee 0,1 0,119 0,079 0,064

Tabnuua 2. MamepeHme 0ceBoro cMeLLieHs abaTMeHTOB OTHOCUTESIbHO MMMTAHTaTOB 10 M NMOC/Ie BO3AENCTBUSA Ha HUX Harpy3Ku (MKM)
Table 2. Measurement of the axial displacement of abutments relative to implants before and after exposure to load (microns)

BosgeiicTeue OpuruHanbHble OpesepoBaHHble Jlutble CnekaeMble lasepoM
[lo Harpysku 16,009 18,029 17,110 19,140 15,731 22,584 17,110 19,140 15,731 22,584 22,599 19,086
Mocne Harpy3ku 16,008 18,027 17,098 19,138 15728 22,582 17,098 19,138 15728 22,582 22,597 19,079
PasHuua 0,001 0,002 0012 0002 0003 0002 0012 0002 0003 0002 0002 0,007
BbIBOD‘bI coegnHeHUeM 60nbLLAA YacTb Harpy3ku oKa3sblBaeTCA Ha BUH-

1. B xoae u3y4yeHns oceBoro cMeLLieHns abaTMeHTOB OT-
HOCWTEJTbHO aHaNoroB BbiNo BbISBNEHO, YTO OT CWJlbl 3aTAMM-
BaHWA BUHTa M3MeHSNach BbiCOTa CynpacTpyKTyphbl. bonbluoe
0CeBOE CMeLLeHWe BbINo BbISBNEHO Y OPUTMHANBHBIX U Bpe-
3epOBaHHbIX abaTMEHTOB MpM 3aTATMBAHUA BUHTA C YCUIMEM
7 v 30 HeM, B TO BpeMs Kak abaTMeHTbI, Nojly4eHHble MeTo-
LOM NINTbA U Na3epHbIM MNaBNEHUEM, NOKa3aM MeHbLLee
0CEBOE CMELLiEHNE.

2. N3yyeHme oceBoro cMeLLeHUs abaTMEHTOB OTHOCUTENBHO
MMNMaHTaTa nof, AeCTBUEM Harpy3Ku MoKasano, YTo opuru-
HanbHble 1 Ppe3epoBaHHbIe abaTMeHTbI MPOAEMOHCTPUPOBAHU
HauMeHblUee oceBoe cMeLueHue. Mpn n3yyeHnn abatMeHToB,
WM3rOTOBMIEHHBIX METOLOM NUTbS U J1a3epHbIM MNABMIEHUEM,
BbIN0 BHISBNEHO WX 3HAUUTENBHOE OCEBOE CMELLIEHUE.

BoisiBUAM cnefyioLlylo 3aKOHOMEPHOCTb: YeM pOBHee
MOBEPXHOCTb KOHYCHbIX AeTanew, TEM CUIbHEE OCEBOE CMe-
LLleHMe Ha aHanorax, KoTopoe HenoCpeACTBEHHO 3aBUCMT
OT cunbl 3aTArMBaHusA BuHTa (B npegenax ot 7 o 30 Hew),
B TO BpeMsl KaK HepoBHas MOBEPXHOCTb BHELLUHEro KOHyca
AaeT HaMMeHbLLEe 0CEBOE CMELLIEHME.

AbaTMeHTbI OpUrMHanbHbIE U MoAYYeHHbIE METOL0M dpe-
3epoBaHus, o0bnagarolime rnafKoi NOBEPXHOCTBIO KOHYCA,
Mpu 3aTArMBaHUM BUHTa ¢ ycunmeM 30 HcM nokasanu Hau-
MEHbLLIEE 0CEBOE CMELLEHWUE MPU MOJENMPOBAHUN Harpy3Ku.
[pu 3TOM abaTMeHTLI, NOAYHEHHBIE NYTEM SIUTbS U 1A3EPHOM0
MNaBfeHNsa U He obnagaroLime PpOBHOM MOBEPXHOCTLIO, MO-
Kasanu 3HauuTeNlbHoe CMeLLieHue.

MonoxuTenbHbI 3QPEKT KOHMYECKOr0 COeAMHEHUs 3a-
KITH04aeTCsA BO BKIIMHUBAHWM KOHYCHBIX IETaMEN, TaK KaK TakuM
06pa3oM NpouncxoauT pacnpesenieHne pasniuiHbIX BULOB (Bep-
TUKaJbHbIX 1 FOPU30HTaNbHbIX) HAarpy3Ky, OKa3bIBaEMOM Ha pe-
CTaBpaumio, B TO BPEMS KaK Y UMMNAHTaTOB C MIOCKOCTHBIM

DOl https://doi.org/1017816/1728-2802-2022-26-4-299-308

Te. OfHaKO BO3HWKAET 3HAuUTENbHOE WM3MEHEHWe BbICOTI
KOHCTPYKLMM, BO3BbILLAIOLLENCS HAL, UMMIaHTaToM, B pesysib-
TaTe K/MHUKO-NabopaTopHbIX 3TamnoB W3roTOBNEHUA MpoTe-
30B. CywecTByeT pasnuuve Mexay (uKcaumeir abaTMeHTOB
Ha aHanorax 1 uMmnnaHTatax. IGMeKTUBHbIE peLLeHus, Npu-
HUMaeMble B K/IMHUYECKUX YCTIOBUSIX, MOMYT UMeTb 0bpaTHoe
3HayeHMe Ha 3Tanax N1abopaTopHOro U3roTOBNIEHMS, KOTOpbIE
WUrpatoT rNaBHyK0 Posib B CO3AAHUM TOUHON KOHCTPYKLMM. Cy-
LecTBytoLLas NpobnieMa nosly4eHns NpeLm3noHHbIX KOHCTPYK-
LM TpebyeT [anbHEMLLEro U3Y4EHWS U HAaXOKLEHWS PELLEHMS
ANA YCMELUHOTo NIeYeHus U peabunuraumm naumeHToB ¢ non-
HOM USIM YaCTUYHOW afleHTMEN NYTEM MpOTE3UPOBaHMs C 0Mo-
POVl Ha AeHTabHble MMNIAHTATBI.
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