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MCNONIb30BAHUE CKAHUPOBAHNA B OPTONEANYECKON
CTOMATOJIOTMU - OB30P JINTEPATYPbI
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AHHOTauuMA

IIpeamer. CkaHupOBaHUE B CTOMATOJOIMU IO3BONSET XPAaHUTh O0JbIION 00beM MHGOpPMauK JnTenbHoe BpeMs. CoB-
PEMEHHbIE TEXHOJOTUH aKTHBHO Pa3BUBAIOTCS. MBI MOJYYUIM BO3MOXHOCTh MCIIOJIb30BaTh BHYTPUPOTOBBIE U BHEPOTOBHIC
ckaHepbl. OHU OTIIMYAIOTCS APYT OT JAPyra TOUHOCTBIO U JIOCTOBEPHOCTHIO CKaHUPOBaHM. BbIOOp KauecTBEHHOTO 1 HEIOPOTroro
CKaHepa — 3TO BaXKHBIH BOIIPOC COBPEMEHHOI OTEUECTBEHHON OPTOINEAMYECKON CTOMATOJIOTHU. B cTaThe paccMaTpuBaroTCs
JaHHBIE JTUTEPATYPbl, MOATBEPKIAIONINE aKTyaIbHOCTh TAaHHOM MPOOIEeMBI.

ess. OnpenenuTs akTyadbHOCTH NPOOIEMBI BEIOOpA CKaHEpa Ha OPTONEANIECKOM IpueMe U 0003HAUNTh, B KAKOM COCTO-
SSHUHW HAXOJHUTCA ONaHHas npo6neMa Ha CCFO)IH?IHIHPIFI JCHb.

Mertonosorus. B redenue roga Ml IpOBOAMIIHN MOA00D JIUTEPATYpHl 3a nocineanue 30 naet, 4To0bl 0003HAYUTh AKTYaIbHOCTh
po0JIeMbl Ha CETOAHSIIHMI IeHb. [IorCK cTaTeil MPOBOAMIICS B HECKOIBKUX 0a3zax aaHHbIX: Pub Med, cyberleninka, eLIBRARY,
KaTaJlor JUcCepTaluii u aBropedeparoB mo Menuiuae. OCHOBHOH 0TOOP MaTepHaNIOB OCYIIECTBISUICS IO KITIOYEBBIM CIIOBaM.
Crarpu U3yyasay 10 Ha3BaHUIO, 3aTEM IO PE3IOMe, 3aTeM NOJHbIN TeKCT. OCHOBHOM MHTEpEC MPECTABIIAIN CTaTbU, B KOTOPBIX
orpaxaercs ucropus passutust CAD/CAM cucrem, cpaBHenue coBpeMeHHbIXx CAD/CAM cucrem 1 OlleHKa TOUHOCTH KaXKI0H
CHUCTEMBI B CPABHCHUH C TPAAUITUOHHBIMH MCTOAAMU IMPOTE3UPOBAHUSA.

PesyabTarbl. OnMHHAIIAT JIUTEPATYPHBIX HCTOYHUKOB, CPEIM KOTOPBIX JIBA JIMTEPATYPHBIX 0030pa U OJIMH METaaHau3,
ObUIN HaleHbI 32 BpeMs uccienoBanus. [IpoBeieHHbIN aHATN3 TIOKA3bIBACT, YTO IPUMEHEHHE CKAHUPOBAHUS B OPTONEINYECKOM
CTOMATOJIOTHH — 3TO HEOOXOIUMOe pelIeHHe Il padoThl B COBPEMEHHBIX YCIOBHIX TEXHHYECKOTO Iporpecca U 0OJIbIIOro
o0bemMa nHpopManuu. PerynspHbie H3MEpeHHs TOUHOCTH U T0CTOBepHOCTH pasinuHbix CAD/CAM cucTeM CBUICTENBCTBYIOT
0 TOM, YTO JIa)K€ B HAIlM JHHU TPYJHO HAWTH «30JI0TOH CTaHAApT», 00pa3loBYyI0 cKaHHpyIyio cucrtemy. Takke CAD/CAM
CHUCTEMBI CPAaBHUBAIOT MCKIY CO6OI\/’I 10 CJIOXKHOCTH B HMCIIOJIB30BAHHUHN U UX CTOUMOCTH.

BriBoabl. [losiBlieHHEe HOBOW CKaHUPYIOIIEH CUCTEMBI, HEe TPEOYIOIIeH AIUTEILHOTO 00y4YeHUs, BHICOKOI CTOMMOCTH,
HO IIpH 3TOM 00a/aronieil BRICOKOH TOYHOCTBIO U JOCTOBEPHOCTHIO, IEHCTBUTEIBHO HEOOXOIUMO ISl COBPEMEHHOI cToMa-
TOJIOTHUH.

Knrouesvie cnosa: CAD/CAM cucmemsi, yughposwvie CHUMKU, OOCMOBEPHOCHb, MOYHOCb, COBPEMEHHAS CIOMAMONO2USL

APPLICATION OF SCANNING TECHOLOGIES IN ORTHOPEDIC DENTISTRY: A REVIEW
Mirzoeva M.S.

Ural State Medical University, Ekaterinburg, Russia

Abstract

Background Dental scanning allows vast amounts of information to be stored over a prolonged period of time. Modern
technologies are being actively developed, giving a possibility of using scanner applications both intraorally and extraorally.
Types of scanners vary in terms of precision and accuracy. Selection of high-quality and low-cost scanners for practical use
in orthopedic dentistry is an important issue. The present article reviews literature data confirming the relevance of this issue.
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Objectives To determine the relevance of the scanner choice during the orthodontist visit and indicate the current status of
this problem.

Methods In order to understand the current state of this problem, literature sources published over the past 30 years on this
topic have been studied. Papers were searched using several databases, namely Pub Med, Cyberleninka, eLIBRARY, as well
as the catalogues of dissertation theses and abstracts to research papers in medicine. The selection of materials was carried out
using keywords. The papers were consistently studied analyzing their titles, abstracts and full texts. A particular attention was
drawn to those papers that contained information on the history of CAD/CAM systems, comparative studies on the modern
CAD/CAM systems and evaluation of their effectiveness in comparison with traditional prosthetic methods.

Results Eleven sources on the topic under study, including two literature reviews and one meta-analysis, were selected. The
analysis has shown that application of scanning technologies in orthopedic dentistry is the necessary solution when working
under the modern conditions of technological progress and vast amounts of information. Analyses of the precision and accuracy
of various CAD/CAM systems available in literature show that the so-called “golden standard” (a ideal scanning system), is

impossible to find. CAD/CAM systems are also compared in terms of their cost and difficulty to handle.

Conclusions The development of a new scanning system that would not require long-term training and significant expenses,
at the same time as providing high precision and accuracy, is an urgent task for dental equipment engineers.

Keywords: CAD/CAM systems, digital photos, accuracy, precision, modern dentistry

BBenenne

B coBpemMeHHOM MuUpeE, B MEJUIUHCKON ITPAKTHKE
aKTHUBHO pa3BHUBAETCs HCIIOJb30BaHUE KOMIIBIO-
TEPHBIX TEXHOJOTHH JJisl YINPOIIEHUS H YCKOPEHUS
JAarHOCTUKY, MOBBIIEHHS 3(PEKTUBHOCTH JICUCHUS,
KOHTPOJIA pe3yabTaTOB JEUYECHHUS U CHUCTEMaTU3aluu
npodunaktuku 3abonesanuii. 3a mocneanue 30 JeT
B MPAaKTHKE 3yOONpPOTE3NPOBAaHMS Ha MEPBBIM IUIaH
AKTHBHO BBIXOAAT Pa3IMuHbIC CKAHUPYIOIIUE CHCTEMBI,
000c00IeHHBIE CKaHEPHI U allaparsl JJis POBEICHHUS
3D-nmeyarn. [l 3TOT0 UCHOIB3YIOTCS Pa3IMIHbIE CHC-
TE€MbI CKaHEPOB OTKPBITOTO U 3aKpbITOro THIa. CKaHu-
pOBaHUE MOXKHO NMPOBOJUTH KAaK B MOJOCTH PTa, TaK
u in vitro [1]. Mcnosnb30BaHKe 3TOTO METO/AA MO3BO-
JIIeT COKPATUTh BpeMsI Bpada-opTorieia M 3yOHOTO TeX-
HUKa, CYIIIECTBEHHO CHU3UTh TPAHCIIOPTHBIE PACXO/IBI.
B 10 xe Bpems psi CKAHUPYIOIIMX CHUCTEM TpeOyeT
MPUMEHEHHUS CIIEUANBHBIX MOPOIIKOB MK JT00aBOK
B THIICHI, JUIS TOTO 4TOOBI KaMepa mpubopa Moria
MPaBIWJIbHO pacro3HaTh 0OBEKT ckaHupoBaHusA. Camu
CKaHEpbI TIOKa UMEIOT BBICOKYIO CTOMMOCTB, YTO TOXKE
SIBIISIETCS OJTHUM U3 CIIEPKUBAIOMINX (akTopoB. bonee
TOTO, 3apyOeKHbIE (PUPMBI MTOCTABIISIOT HA CTOMATO-
JIOTUYECKUI PHIHOK B OCHOBHOM CHCTEMBI 3aKpPBITOTO
THTA, TPeOYIOIIHe TOKYIKH BCEH JIMHEHKHN POYKIINN
Uit paboThI [2, 3].

Heapio nanHoil padoThl SBUIOCH ONMPEAEIUTH
aKTyaJIbHOCTH NMPOOJIEMBI BBIOOpa cKaHepa Ha OpToIie-
AUYCCKOM IIpUEME U O603H3‘II/ITB, B KAKOM COCTOAHUHU
HaxOAMTCS JaHHAs MpoOJieMa Ha CerOAHSIIHUM IeHb.

Marepuajbl 4 METOABI

CornacHo AaHHBIM JUTEpaTypHOro o63opa, pas-
HUIAa CKaHUPYIOUIUX CHUCTEM OYEBUIHA HE TOJIBKO
B MX Ha3BaHWHU, HO U B cllocoOec CKaHUPOBAHUS,
crocobe co3iaHus BUPTYaJIbHOM MOJAENU U BO3-
MOXKHOCTSIX HpOTrpaMMHOTO obecmeueHus [8, 9].
B Poccuu B nocienHee BpeMs MOSBUINCH CKaHEPHI
oredecTBeHHOTO mpou3BojcTBa Tura VT Dental. 3to

CKaHEep OTKPBHITOrO THIA, CIOCOOHBIA CKaHHUPOBATH
KaK OTTUCKH, TaK ¥ MOZAENH 0e3 MPUMEHEHUs CIIeu-
ANBHBIX MMOPOUIKOB, YTO IO3BOJSET MONYYHTH ONTH-
yeckoe n3o0pakeHne B OOIIENPUHATOM HU(POBOM
¢dopmate STL, KOTOpHI MOKHO Tepeaars B JO0YIO
CAD/CAM na6oparoputo. [loaTomy craHoBHUTCS
aKTyaJIbHBIM BOIIPOC O TOM, HACKOJIBKO TOYHBIM OyIeT
OTCKaHHPOBAaHHOE M300pa)keHHe, YTOOBI pe3yiIbTar
paboTbl MOT OBITH IPU3HAH YAOBJIECTBOPUTEILHBIM [6].
CAD/CAM TeXHONOTUU MMEIOT MPEUMYLIECTBa
B CO31aHUM ITU(PPOBBIX N300pAKESHUI MOZIEIICH, a TAKKE
B HCIIOJIb30BAaHUH BUPTYAJIbHBIX apTUKYISATOPOB.
OnHako peanu3anys 3TUX TEXHOJIOTHH MO-TPEKHEMY
CUMTAETCsI IOPOTOCTOSIIIEH U TpeOyeT BEICOKOKBaTH(H-
LIUPOBAHHOTO NepcoHana. B Hacrosmee Bpems paspa-
OOTaHHbBIC MPOTPAMMHBIC 00ECIIEUCHUSI HMEIOT MHOTO
MPUIOKEHUH, B TOM YHCIE M ISl TIONHBIX ChEMHBIX
MPOTE30B U YaCTHYHO CHEMHBIX MPOTE30B. TOUHOCTD
W3TOTOBJICHHS PEeCTaBpallly JIyYIlle BCETro JTOCTUTa-
eTca (pe3aMu, UMEIONUMH TSATh OCEH BpaIleHHUS.
Texnonorus 3D-meuatu HCMONAB3YyETCS B CTOMATO-
JIOTUH, HO HE BKJIIOYAET B ceds paboTy ¢ KepaMHUKON
W OorpaHHuYMBaeTCs moiuMmepamu. B Oymymem onTu-
YeCcKHe OTTHUCKHU OyIyT 3aMEHEHBI YIbTPa3ByKOBBIMU
OTTHUCKAaMH, CO37aBaeMBbIMU C MOMOIIBIO YJIBTPa3By-
KOBBIX BOJIH, KOTOPbIE 00JIa/Ial0T CIIOCOOHOCTBIO MPO-
HUKaTh B IECHY HEMHBA3MBHBIM CIIOCOOOM U HE 3aBU-
CeThb OT kuakocte. <...> [lpencrodias TeHACHLIUS
Uil OONBIIMHCTBA MPAKTUKYIOIIKUX Bpadeld croma-
TOJIOTOB-OPTOTEIOB — 3TO HCIOJIb30BaHUE KaMepHl,
MOJKITIOYEHHONW K KOMITBIOTEPY C COOTBETCTBYIOLINM
NporpaMMHBIM OOecClleueHUEeM U BO3MOXKHOCTBIO
OTIpaBJICHUs N300pakeHus B abopatoputo [4].
Texymiee cocTossHUE KOMMEPYECKUX CTOMATO-
norudyeckux cucreM CAD/CAM, pa3paboTaHHBIX
BO BCEM MHpE, PACCMATPHBAETCS C TOYKU 3PEHUS
KauyeCTBEHHOTO CO3JIaHHsI KEPAMUUYECKUX KOPOHOK,
BKJIAJIOK U BUHUPOB. Vcnonb30BaHne CTOMATOJIOTH-
yeckux cucteM CAD/CAM siBisieTcs epCcrneKTHBHBIM
HE TOJBKO B 00JIACTH HECHEMHBIX KOHCTPYKIUH,
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HO U B JPYrUX 00JIACTSAX CTOMATOJIOTHH, JTaKE €CIU
B HACTOSIIEE BpEeMs 3TO MPUMEHEHUE OTPaHUYCHO.
[pennonaraercs, 4To B HajJbHEHINIEM HCIIOIB30BAHHE
CAD/CAM TeXHOJOTHH IJIS CIIOXKHOTO MPOTE3UPO-
BaHHA OyJeT clIOCOOCTBOBATh CTAOUIFHOMY CTOMATO-
JIOTUYECKOMY 3JI0POBbIO MAI[UEHTOB B COBPEMEHHOM
u Oymymiem obmiectse [7].

[pumenenune texnonorun CAD/CAM B optore-
JUYECKOW CTOMATOJIOTUU SBJIACTCS OTHOCHUTEIBHO
HOBBIM. MOXHO BBIJACIUTh TPU IIMPOKHE 00JACTH
npuMeHeHus. [lepBas: TpeXMepHbIE PEKOHCTPYKIIUU
CKEJICTHON CTPYKTYPhl Ha OCHOBE JIt0OOH METOIUKHU
Busyanusanuu, 1. €. KT, MPT unu peHTrex, anaiusu-
poBaTh, MOJICJIUPOBATh, pa3padaThiBaTh U OLICHUBATH
OPTOTNIEANYECKUE MPOIEeNYphl 03 HeoOXOTUMOCTH
Ha CaMOM Jielie BBIIOJIHUTG olepanuio. Bropas: npo-
M3BOJICTBO IJIACTMACCOBBIX MJIM BOCKOBBIX MOJEJICH
JUIs XUPYPIoOB, 4TOOBI cO3/1aTh OOIee BIeUaTICHUE
U MOHMMAaHHE CJIOXHBIX CJIy4aeB KOCTHOM CHCTEMBI
YENIOCTHO-TTUIEBOM 00IacTH, a Takke BO3MOXKHOCTh
HCIO0JIb30BaHUS (PU3NYECKUX MOJeJiell B KauecTBe
1abJI0HOB /IS CO3/IaHUA aJUIOTPAHCIIIIAaHTAaTa J0 OTIe-
patuu. TpeTbe: A1 IPOSKTUPOBAHUS U U3TOTOBJICHHUS
FEOMETPUUYECKH ONTUMAJbHBIX CTAHAAPTHBIX U CITe-
HHAAJbHBIX UMILIAHTATOB. <...> [ToMHUMO 3TOTO MpHU-
KkiaagHoro ucmnoib3oBanus, CAD/CAM TexHOJIOTUH
TakXe SBISIOTCA 3P(PEeKTUBHBIM HHCTPYMEHTOM
IU1st 0O6pa3oBaHus U MPOGHEeCCHOHATEHON MOATOTOBKH.
[Ipumenenne CAD/CAM TtexHONOTHUN B OpPTONIEAUU
U CMEKHBIX 00J1aCTAX 00J1a71a€T OTPOMHEIM TTOTEHITH-
aJI0M, HO MOYKET OKa3aThCs CIIUIIKOM 3K30THUYECKUM,
CJIOXHBIM M JOPOTOCTOSIIUM Ha CETOIHSIIHUMN JICHb.
TeM He MeHee, C pa3BUTHUEM JIaHHOW TEXHOJIOTHH, €€
MPOCTOTHI XU YKOHOMHUYHOCTH CHCTEMBI, IPUMEHEHHUE
CTaHeT OoJiee MPAKTUYHEIM [6].

CHsTHE OTTHCKOB JOPOTHM KaueCTBCHHBIM H 3aya-
CTYIO IOCTaTOYHO JOPOTHM OTTHCKHBIM MaTepHajioM,
OTJIMBKA FMIICOBBIX MOJIEJICH CO3/1aeT 3HAYUTEIbHBIC
po6IeMBI TSl TPOBEACHUS Ka4€CTBEHHOTO U BBICO-
KOTOYHOTO IPOTE3NPOBAHHUS, IIOCKOIBKY HE HCKIIO-
YaeT BO3MOXHOCTH AedopManuu, BEpOSTHOCTH
MOTEpPH FIIM TOBPEXICHUS WHPOPMALHN BO BpeMs
xpaHeHus. [Ipeogoners 3TH HEAOCTATKHU MO3BOJSET
aTbTEPHATUBHBIN METOJ C WCIIOIb30BAHUEM HHTpa-
opailbHOTO cKaHepa. JlaHHBIM ammapar OBIT pas-
paboTraH, 4TOOBI MPOU3BOAUTH TpexMmepHbie (3D)
nudpoBbIe MOACTU. DTH MOAEIH MPEIIaraloT HEKo-
TOpbIEe MPEUMYIIECTBA, B TOM YHCJIIE JIETKOE XpaHEeHHe
U BO3MOXXHOCTh KOMIBIOTEPU3UPOBAHHOTO cOopa
naHHBIX. <...> C MOsBIIEHHEM HECKOIHKHX BHYTpH-
POTOBBIX CKaHEPOB MPOBOIMINCH MHOTOYHCICHHBIE
WCCIeOBaHUS 110 U3YYEHHUIO X TOYHOCTH. ToUYHOCTH
CKaHepa MOXXeT OBITh ONpeAeeHa AByMs Hapame-
TpaMH: TOYHOCTh U gocToBepHOCTH (ISO 5725-1,
DIN 55350-13). locTOBEpHOCTH OTHOCHUTCS K CITO-
COOHOCTH CKaHEpa BOCIPOM3BOMUTH 3YOHOU psii,

OJM3KO K €r0 HICTUHHOW (hopMe HACTOJIEKO, HACKOIBKO
3TO BO3MOXKHO, M 0e3 nedopMany WIH HCKaKCHHUS.
TouHOCTH yKa3bIBaeT CTENEHb, B KOTOPOH M300pa-
XKEHHUS, MOJyUYEHHBbIE NMPU MOBTOPHOM CKAaHHUPO-
BaHMH IIPH PABHBIX YCIIOBHUAX, OJMHAKOBBI. <...>
[IpoBepsiau TOYHOCTH BHYTPHUPOTOBBIX CKaHEPOB.
Ux nccnenoBanus okas3aiu, YTO JaHHBIE U(PPOBOTO
n300paKEHUS M TUIICOBOM MOJCIIH OBLITH CXOJTHBIMU,
YTO yKa3bIBaeT HAa BHICOKUM ypOBEHb TOYHOCTH [5].

Pesyabrarsl

CornnacHo Mpou3BeIEHHBIM UCCIIEI0BAHUSIM, 0hop-
MJIEHHBIM B Me€TaaHajlu3, KOTOpbI€ MPOBOAUINUCH
C TOMOUIBIO AIEKTPOHHOI'O MOMCKA OPUTHMHAIBHBIX
crateit ¢ 1985 mo 2007 rog B ABYX 0a3zax AaHHBIX:
Medline / PubMed u Embase, Obu1u caemadbl cOOT-
BETCTBYIOIIUE BBIBOIKI. {151 moucka ObLIM omnpene-
JIEHBI YETKUE KPUTEPUU BKIIOUCHUS M UCKIIIOUCHUS,
OCHOBHOI1 0TOOp MaTepHajoB OCYIIECTBISIICS 110 KITIO-
4YeBbIM clIoBaM. Bce crarbu OblIH CHayaja M3y4eHBI
10 Ha3BaHMIO, 3aTEM I10 PE3IOME, 3aTeM MOJTHBIN TEKCT.
JanHble OBLIM OLICHEHBI U MPOAHATH3UPOBAHBI IByMSI
HE3aBUCHUMBIMH dK3aMeHaropamu. O000UICHHBIE
Pe3yNbTaThl OBUTM CTATUCTHYECKU MPOAHAIN3UPOBAHBI
1 00111ast YaCTOTa OTKA30B OblIa BEIYKCIIEHA B pacipe-
nenenuu [lyaccona. OT6op ocymecTBsIICS MO TUITY
cucteMbl CAD/CAM, THma BOCCTaHOBIICHHS TBEPABIX
TKaHel 3y0a, IIoMOMPOBOYHOTO MaTepraia u QUKCH-
pyrolero areHra. <...> JTOT CUCTeMaTHUECKUii 0030P
OBLT cO371aH, YTOOBI OTMPEACTUTH J0JITOCPOYHBIE KITH-
HUYECKHE MOKa3aTeau BBIKHUBAEMOCTH OJIHOTO 3y0a
C pecTaBpaluei, U3roToBIeHHON ¢ momoinisio CAD/
CAM TEexXHOJIOTHH, B 3aBUCHMOCTH OT CaMOH TE€XHO-
JIOTHH, TUIa BOCCTAHOBJICHHUS, BHIOPAHHOTO Mare-
puana 1 QUKCHPYIOIEro areHTa. <...> JlonrocpouHsie
nokasareiu BepkuBaemoct CAD/CAM onHoro 3y0a
¢ pecraBpamueit, uroroiennoit Ha Cerec 1, Cerec
2 u pecraBpannii Celay, moxoxu Ha cTaHAapTHEIE.
Her xinHMYeCKUX HCCIENOBaHUN WIW paHIOMU3HU-
POBaHHBIX KJIMHMYECKUX HCCIEIOBAaHUMN, TOKIJIAI0B
o apyrux cucremax CAD/CAM, xoTopsie B HAaCTO-
A11ee BpeMs UCTIONb3YI0TCA B KIIMHUYECKOM MPaKTHKE.
HUndpopmanuu o mociaenyomux rogax He ObLIO Hai-
JIEHO BO BpeMs moucka [11].

BriBOABI

Kax BHAHO M3 MaHHBIX JTHUTEPATyphl, BOMPOC
0 HEOOXOMMOCTH MTPUMEHEHHUSI CKAHUPOBAHUS B CTO-
MAaTOJIOTUHU, PAaBHO KaK U O TOYHOCTH U CTOUMOCTH
CKaHUPOBAHMS, SIBISETCA Hanbojiee aKkTyalbHBIM
Ha CEeroAHAIIHUN AeHb. [I03TOMY mOsBIEHHE HOBOM
CKaHHUPYIOIICH CUCTEMEBI, He TPEOYIOIICH ITUTEIIEHOTO
00y4eHUs, BRICOKOW CTOMMOCTH, HO MPH 3TOM 00Ja-
JlatoIed BBICOKOW TOYHOCTBIO U JOCTOBEPHOCTHIO,
JMEUCTBUTEIHHO HEOOXOIUMO JJIs COBPEMEHHOU CTO-
MAaTOJIOTHH.
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